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Abstract: Acne vulgaris is a common inflammatory condition that is multi-factorial and impacted by
both intrinsic and extrinsic features. Several previous studies have assessed for correlations between
factors such as circulating hormones, stress, or the microbiome. However, there have not been any
correlations specifically against lesion counts or differentiating correlations between inflammatory
and non-inflammatory lesion counts. Here, we correlate several factors against acne lesions. Twenty
men and women with mild to moderate acne were recruited, and their hormonal levels and their
gut microbiome were collected and correlated against their inflammatory and non-inflammatory
lesions of acne. Facial non-inflammatory lesions were weakly correlated to sebum excretion rate and
weakly inversely correlated to forehead and cheek hydration. We examined stress through the use
of a normalized peak-to-trough ratio (higher numbers indicated less stress), which correlated with
skin hydration and inversely correlated with sebum excretion rate. Sebum excretion rate was weakly
correlated to testosterone levels, and facial hydration correlated with estradiol levels. Correlations
with the gut microbiome showed differential correlations with inflammatory and non-inflammatory
lesions, with Clostridium sp AF 23-8 correlating to inflammatory lesion counts, while Actinomyces
naeslundii str Howell 279 correlated to non-inflammatory lesions. Overall, measures of stress and
circulating hormones correlate to skin biophysical properties and acne lesion counts. Also, different
gut bacteria correlate with either inflammatory or non-inflammatory lesion counts. We hope that our
findings stimulate further work on the gut–mind–stress–skin axis within acne.

Keywords: acne vulgaris; gut; microbiome; hormones; skin; biophysical features

1. Introduction

Acne vulgaris affects over 85% of adolescents and young adults and has a major
impact on both physical and mental health [1]. Acne pathogenesis is multi-factorial, with
both extrinsic and intrinsic contributions. The conventional description of the pathogenesis
has focused on local factors in relation to the skin, such as overactive sebum production,
follicular hyperkeratinization, overgrowth of Cutibacterium acnes (C. acnes), and inflamma-
tion [2]. Typically, acne presents with inflammatory lesions on the face, shoulders, and
chest, along with non-inflammatory lesions such as open or closed comedones [3,4].

Recent evidence shows that systemic and distant factors may have an influence on acne
as well. Some examples include noted associations with circulating androgens [5–7], shifts
in circulating short-chain fatty acids [8], and shifts in the gut microbiome [9]. In particular,
previous studies have noted that circulating hormones such as testosterone, progesterone,
dihydrotestosterone, and estrogen modulate acne [10–12]. Several therapies improve acne
by modulating the hormones, with examples such as oral and topical spironolactone [13,14],
topical clascoterone [15,16], oral contraceptive pills [17], or oral soy isoflavones [12]. In
relation to stress, multiple studies show that elevated stress correlates with worsening of
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acne [18]. Moreover, excessive cortisol has been associated with the presence of acne either
in the absence [19] or presence [20] of a tumor leading to androgen and cortisol excess.
However, cortisol correlations to specific lesion counting have not been performed.

The gut microbiome appears to have an influence on acne as well. For example, shifts
in the gut microbiome have also been associated with either the presence or absence of
acne [21,22]. In further support for the role of the gut microbiome, several prospective
interventional studies with oral probiotics have improved acne [8,23,24].

While these previous studies have looked at correlations in relation to either the
presence or absence of acne, there have not been any specific correlative studies that have
correlated specifically against inflammatory or non-inflammatory lesion counts or against
the skin’s biophysical features. Here, we explore the association between circulating
hormones and the gut microbiome to acne and correlate it specifically to the presence
of either non-inflammatory or inflammatory lesions of acne to better understand the
correlations to acne.

2. Methods
2.1. Subjects

This study was conducted between March 2022 and December 2022 as an 8-week
open-label study. Institutional Review Board approval was received on 5 March 2022, by
Allendale, and the study was listed on clinicaltrials.gov (NCT05271487). Written informed
consent was received from all participants prior to enrollment. Subjects from the greater
Sacramento region were recruited. Inclusion criteria included males and females between
the ages of 12 to 45 years old, with mild-to-moderate acne classified by an investigator
global assessment (IGA) of 2 or 3, along with the presence of at least 10 inflammatory lesions
and at least 15 total acne lesions. Subjects who had more than two nodules were excluded.
Those with severe acne (IGA ≥ 4), women who were pregnant or breastfeeding, those
who were current smokers or had a smoking history of >10 pack years, those unwilling
to discontinue facial products except for what is provided in the study, and those who
changed their hormonal based contraception within 3 months prior to enrollment were
excluded from the study. Those who had isotretinoin use within the 3 months prior to
joining the study and those who were unable to discontinue oral antibiotics, probiotics,
topical antibiotics, and topical benzoyl peroxide use were also excluded from the study.

2.2. Study Visits and Procedures

Written consent and assent were obtained prior to enrollment. Subjects were asked to
undergo a 2-week washout from topical antibiotics or benzoyl peroxide use, or a 4-week
washout for oral probiotic supplements or oral antibiotic use. The main study reported
previously consisted of a total of 4 visits (a screening visit, a baseline visit, a visit after 4
weeks of product use, and after 8 weeks of product use) [25]. This manuscript focuses on
correlations from the baseline visit prior to any exposure to investigational product.

Facial and truncal lesion counts for inflammatory and non-inflammatory lesions were
performed by a trained doctor or board-certified dermatologist. During these visits, bio-
physical features such as stratum corneum hydration, trans-epidermal water loss, and
sebum excretion rate were obtained using the MoisturemeterSC® (Delfin Technologies, Kuo-
pio, Finland), Vapometer® (Delfin Technologies) and the Sebumeter® (Courage+Khazaka
electronic GmbH, Köln, Germany), respectively.

Circulating hormones were assessed with kits supplied by ZRT Laboratories (Beaver-
ton, OR, USA); measurements included a four-point salivary cortisol test, testosterone,
progesterone, estradiol, and dehydroepiandrosterone sulfate (DHEA-S). A normalized
peak-to-trough difference in the cortisol was utilized to measure cortisol variability, where
the absolute peak-to-trough difference in the cortisol levels was normalized against the
peak cortisol level.
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2.3. Gut Microbiome Sequencing and Analysis

Stool samples were collected with sample collection kits, and the stool was stored at
−80 ◦C until they were shipped for analysis on dry ice. Taxonomic and functional analyses
of the WGS stool samples were performed by CosmosID.

DNA from fecal samples was isolated using the QIAGEN DNeasy PowerSoil Pro Kit,
according to the manufacturer’s protocol. Extracted DNA samples were quantified using
Qubit 4 fluorometer and Qubit™ dsDNA HS Assay Kit (Thermofisher Scientific, Waltham,
MA, USA). Isolates were stored at −80 ◦C until they were sequenced.

DNA libraries were prepared using the Nextera XT DNA Library Preparation Kit
(Illumina, San Diego, CA, USA) and IDT Unique Dual Indexes with total DNA input of
1 ng. Genomic DNA was fragmented using a proportional amount of Illumina Nextera
XT fragmentation enzyme. Unique dual indexes were added to each sample, followed
by 12 cycles of PCR to construct libraries. DNA libraries were purified using AMpure
magnetic Beads (Beckman Coulter, Brea, CA, USA) and eluted in QIAGEN EB buffer.
DNA libraries were quantified using Qubit 4 fluorometer and Qubit™ dsDNA HS Assay
Kit (Thermofisher Scientific, Waltham, MA, USA). Libraries were then sequenced on an
Illumina HiSeq 4000 platform 2 × 150 bp with a read depth of 3 million reads per sample.

Unassembled sequencing reads were directly analyzed by CosmosID-HUB Micro-
biome Platform (CosmosID Inc., Germantown, MD, USA) as described elsewhere for
multi-kingdom microbiome analysis, the profiling of antibiotic resistance and virulence
genes, and quantification of organisms’ relative abundance [26–29]. Briefly, the system
utilizes curated genome databases and a high-performance data-mining algorithm that
rapidly disambiguates hundreds of millions of metagenomic sequence reads into the
discrete microorganisms, engendering the particular sequences with the assistance of
HUMAnN 3.0 software. Similarly, the community resistome and virulome, the collection of
antibiotic resistance and virulence-associated genes in the microbiome, were also identified
by querying the unassembled sequence reads against the CosmosID curated antibiotic
resistance and virulence-associated gene databases.

2.4. Statistical Analysis

The statistical analysis was performed using Pearson Correlations and associated p-
values. The correlations were performed in Python and used a set of nested loops with the
actual Pearson Correlation and p-values calculated using SciPy.Stats and the pearsonr(arg1,
arg2) function. (https://docs.scipy.org/doc/scipy-1.2.3/reference/generated/scipy.stats.
pearsonr.html, last accessed 6 August 2023). Because of the pilot nature of this study, we
stratified the p-values to seek trends in addition to statistical significance. A p-value of less
than 0.3 was determined to be a weak correlation, a p-value less than 0.2 was considered a
moderate correlation, and a p-value less than 0.1 was considered to be a strong correlation.

3. Results

Twenty-four participants were screened, and twenty participants completed all base-
line visits and lab collection procedures. Three participants did not complete the lab
collection procedures per protocol, and a total of seventeen were analyzed. The majority of
participants were female, with a mean age of 24.4 ± 7.3 years. The mean acne severity at
enrollment was graded to be an IGA of 2.7.

3.1. Correlations to Facial Acne Lesion Counts

Facial non-inflammatory lesions were weakly correlated to the cheek sebum excretion
rate (corr: 0.145, p-value: 0.28), inversely weakly correlated to forehead hydration (corr:
−0.276, p-value: 0.13), and inversely weakly correlated to cheek hydration (corr: −0.170,
p-value: 0.25).

https://docs.scipy.org/doc/scipy-1.2.3/reference/generated/scipy.stats.pearsonr.html
https://docs.scipy.org/doc/scipy-1.2.3/reference/generated/scipy.stats.pearsonr.html
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3.2. Correlations to Skin Biophysical Properties

The facial sebum excretion rate was weakly correlated to the circulating levels of
testosterone (corr: 0.24, p-value: 0.17), inversely correlated to the progesterone/testosterone
ratio (corr: −0.35, p-value: 0.081), and inversely weakly correlated to the normalized
peak-to-trough cortisol difference (corr: −0.18, p-value: 0.26).

The facial hydration was correlated with circulating levels of estradiol (corr: 0.41,
p-value: 0.042) and with the normalized peak-to-trough cortisol difference (corr: 0.40,
p-value: 0.061).

3.3. Correlations to the Gut Microbiome

Multiple gut bacteria either inversely or directly correlated with non-inflammatory
lesions (Table 1). Two pathogenic bacteria that were correlated with facial non-inflammatory
counts included Actinomyces naeslundii (corr: 0.54, p-value: 0.013) and Intestinibacter bartlettii
(corr: 0.46, p-value: 0.041), while the bacterium that was most inversely correlated was
Adlercreutzia equolifaciens (corr: −0.61, p-value: 0.0039), which is an equol (isoflavone)-
producing bacterium [30].

Table 1. Gut bacteria species associated with non-inflammatory lesions of acne.

Bacterial Species Correlation p-Value

Positive Correlation

Lactobacillus_delbrueckii 0.583 0.007

Actinomyces_naeslundii 0.543 0.013

Bacteroidales_u_s 0.535 0.015

Bifidobacterium_dentium 0.511 0.021

Bifidobacterium_u_s 0.505 0.023

Bifidobacterium_longum 0.483 0.031

Intestinibacter_bartlettii 0.460 0.041

Inverse Correlation

Adlercreutzia_equolifaciens −0.615 0.004

Schaalia_odontolytica −0.470 0.037

Massilioclostridium_coli −0.458 0.042

In regard to the inflammatory lesions of acne, several bacteria were correlated with
the presence of acne (Table 2) such as Clostridium (corr: 0.74, p-value: 0.0001), Butyrivibrio
crossotus (corr: 0.72, p-value: 0.00036), Pseudoruminococcus massiliensis (corr: 0.72, p-value:
0.00036), Sutterella faecalis (corr: 0.72, p-value: 0.00036), Megamonas rupellensis (corr: 0.71, p-
value: 0.00040), Akkermansia muciniphila (corr: 0.71, p-value: 0.00040), and Methanobrevibacter
smithii (corr: 0.53, p-value: 0.016).

Table 2. Gut bacteria species associated with inflammatory lesions of acne.

Bacterial Species Correlation p-Value

Positive Correlation

Clostridium_u_s 0.744 0.0002

Butyrivibrio_crossotus 0.718 0.0004

Sutterella_faecalis 0.718 0.0004

Pseudoruminococcus_massiliensis 0.718 0.0004



Microorganisms 2023, 11, 2049 5 of 11

Table 2. Cont.

Bacterial Species Correlation p-Value

Akkermansia_muciniphila 0.715 0.0004

Megamonas_rupellensis 0.714 0.0004

Prevotella_pectinovora 0.635 0.0027

Collinsella_bouchesdurhonensis 0.616 0.0038

Hungatella_effluvii 0.593 0.0058

Parabacteroides_massiliensis 0.557 0.0108

Hungatella_hathewayi 0.555 0.0110

Parolsenella_catena 0.541 0.0137

Prevotella_stercorea 0.541 0.0137

Methanobrevibacter_smithii 0.532 0.0158

Roseburia_hominis 0.505 0.0230

Phascolarctobacterium_faecium 0.494 0.0270

Inverse Correlation

Alistipes_senegalensis −0.475 0.034

When assessing for particular strains, the following strains were negatively correlated
with non-inflammatory lesions (Table 3): Actinomyces naeslundii str Howell 279, Bifidobac-
terium dentium, Intestinibacter bartlettii DSM 16795, and Eubacterium sp AM28-29. The
following strains were inversely correlated to non-inflammatory lesions (Table 3): Blautia
obeum ATCC 29174, Massilioclostridium coli, Schaalia odontolytica, Adlercreutzia equolifaciens
subsp celatus, and Butyricicoccus sp GAM44.

Table 3. Gut bacteria strains associated with non-inflammatory lesions of acne.

Bacterial Strain Correlation p-Value

Positive Correlation

Actinomyces_naeslundii_str_Howell_279 0.543 0.013

Bacteroidales_u_t 0.535 0.015

Bifidobacterium_dentium 0.511 0.021

Firmicutes_u_t 0.461 0.041

Intestinibacter_bartlettii_DSM_16795 0.460 0.041

Eubacterium_sp_AM28-29 0.460 0.041

Inverse Correlation

Blautia_obeum_ATCC_29174 −0.455 0.044

Massilioclostridium_coli −0.458 0.042

Schaalia_odontolytica −0.470 0.037

Adlercreutzia_equolifaciens_subsp_celatus −0.482 0.031

Butyricicoccus_sp_GAM44 −0.514 0.020

In regard to the inflammatory lesions, the bacterial strains that positively correlated
with inflammatory lesions are shown in Table 4, and the notable ones include the fol-
lowing: Coprococcus sp AF16-22, Butyrivibrio crossotus DSM 2876, Clostridium sp AF23-8,
Escherichia coli KTE51, Akkermansia muciniphila ATCC BAA-835, Bilophila wadsworthia 316,
and Methanobrevibacter smithii DSM2375. The following bacteria were inversely correlated
to inflammatory lesions (Table 4): Coprococcus sp ART55-1 and Alistipes senegalensis JC50.
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Table 4. Gut bacteria strains associated with inflammatory lesions of acne.

Bacterial Strain Correlation p-Value

Positive Correlation

Coprococcus_sp_AF16-22 0.773 6.53381 × 10−5

Lachnospiraceae_bacterium_OM04-12BH 0.735 0.000225629

Butyrivibrio_crossotus_DSM_2876 0.718 0.000362097

Clostridium_sp_AF23-8 0.718 0.000362097

Escherichia_coli_KTE51 0.718 0.000362097

Faecalibacterium_sp_AF28-13AC 0.718 0.000362097

Sutterella_faecalis 0.718 0.000362097

Bacteria_u_t 0.718 0.000362097

Bacteroides_dorei_CL03T12C01 0.718 0.000362097

Pseudoruminococcus_massiliensis 0.718 0.000362097

Megamonas_rupellensis_DSM_19944 0.714 0.000404027

Bacteroides_pectinophilus_ATCC_43243 0.714 0.00041069

Akkermansia_muciniphila_ATCC_BAA-835 0.702 0.00056436

Bilophila_wadsworthia_3_1_6 0.653 0.001781736

Eubacterium_siraeum_70_3 0.646 0.002113114

Prevotella_pectinovora 0.634 0.002658279

Methanobrevibacter_smithii_DSM_2375 0.625 0.003234041

Collinsella_bouchesdurhonensis 0.616 0.003806916

Hungatella_hathewayi_VE202-04 0.611 0.004206782

Hungatella_effluvii 0.593 0.005827701

Collinsella_sp_AM38-1BH 0.593 0.005888244

Bifidobacterium_u_t 0.584 0.006908296

Parabacteroides_massiliensis 0.557 0.010799462

Parolsenella_catena 0.541 0.013713086

Prevotella_stercorea_DSM_18206 0.541 0.013744505

Bacteroides_vulgatus_str_3975_RP4 0.526 0.017310217

Roseburia_hominis_A2-183 0.505 0.023038589

Phascolarctobacterium_faecium 0.494 0.026951749

Megamonas_sp_Calf98-2 0.494 0.026973871

Ruminococcus_sp_AM26-12LB 0.459 0.041819714

Inverse Correlation

Bilophila_u_t −0.455 0.043759349

Coprococcus_sp_ART55_1 −0.456 0.043278258

Alistipes_senegalensis_JC50 −0.475 0.034207072

4. Discussion

This study explores several correlations to both acne and skin biophysical features in
those with acne. Here, we discuss how circulating hormones and stress may correlate to
the skin of those with acne. Furthermore, we noted that the presence of certain gut bacteria
is correlated with the number of facial and truncal inflammatory lesions. Unlike previous
studies that have broadly looked at the presence or absence of acne [9], our study is more
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granular because we correlate our findings against lesion counting rather than simply the
presence or absence of acne.

We show that testosterone levels are correlated to sebum excretion rate. This is in
agreement with a previous study that showed that testosterone levels correlated with sebum
excretion rate [31,32] and with different severity levels of acne [5]. This is also in agreement
with another previous study that correlated elevated testosterone levels to the presence of
acne [33]. Interestingly, a different study that correlated against acne severity did not find a
correlation between testosterone levels and acne severity [34]. The investigators stratified
acne into minor, mild, and moderate acne based on the Global Acne Evaluation scale [35]
rather than lesion counting. Therefore, while testosterone appears to correlate with sebum
excretion rate, there may be interindividual differences in responsiveness to testosterone.

Our finding that non-inflammatory lesions are weakly inversely correlated with facial
hydration offers greater detail in a space that previously had contradictory findings. For
example, while decreased epidermal hydration has been identified in association with
acne [36], another study identified no epidermal hydration deficits in association with
acne [37]. The reason for the discrepancy may be related to the different methodologies
used to measure hydration between the two studies. However, our findings suggest that
hydration may be more related to comedogenesis, and this suggestion is supported by
previous work that identified that ceramides were the deficient lipid in those with acne [36].
Ceramide deficiency is believed to be associated with a decreased water-holding capacity,
follicular hyperkeratosis, and comedone formation [36]. Our findings shed more light
on this by differentiating the correlations between non-inflammatory and inflammatory
lesions and suggesting that the correlation is with comedone formation (non-inflammatory
lesions) rather than inflammation (inflammatory lesions).

When assessing the role of stress, we elected to correlate against the normalized peak-
to-trough cortisol difference to minimize collection-based errors that may arise with the four-
point cortisol measurement when the subject shifts the recommended time points [38,39].
Several findings were notable. The peak-to-trough normalized cortisol ratio was inversely
correlated to sebum excretion rate and positively correlated with skin hydration. Because a
decreased peak-to-trough ratio is correlated with a more stressed state, our results suggest
that a highly stressed state (lower peak-to-trough normalized cortisol ratio) is associated
with higher sebum excretion rate and lower skin hydration, which would imply that
increased stress can worsen acne.

Previous studies have also noted an association with increased stress and acne [40,41].
While an association between increased stress and increased sebum excretion was not noted
in [41], the measurement of self-reported stress was based on the Perceived Stress Scale
rather than the objective measure of stress that was used in our study, where we were able
to directly correlate an objective measure of stress and sebum excretion rate. Furthermore,
our findings that the peak-to-trough normalized cortisol difference is positively correlated
to skin hydration are in agreement with previous findings that increased stress is associ-
ated with decreased skin barrier function [42,43], and this barrier deterioration leads to
dehydration. However, exposure to psychological stress has not been reported to modulate
skin hydration in a previous report [44], although this study used a population of healthy
women and only performed a single-point analysis of their cortisol levels. Our study differs
in that the measurements were among subjects with acne and utilized the normalized
peak-to-trough ratio in cortisol, which is less susceptible to single-point fluctuations.

Our results expand on the correlations of the gut microbiome to the presence of acne by
specifying the correlations between specific species and strains against specific acne lesion
types. One example is the Butyricoccus species, which we identified as inversely correlated
to non-inflammatory lesions. This bacterium has previously been shown to be deficient
in those with acne [9]. Another example, Intestinibacter bartlettii, which was correlated to
facial non-inflammatory lesions, has also been correlated to increased body mass index and
metabolic derangements in obese children [45]. Another microbe uncovered in our analysis
was the association of Actinomyces naeslundii, which correlated to facial non-inflammatory
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lesions, and this is typically a result of periodontal disease. Our results are in agreement
with other studies that have correlated periodontal disease and with dermatological dis-
eases such as psoriasis and pemphigus [46], but our study establishes the presence of a
specific bacteria with the presence of acne-based lesions and warrants further study into
this association. On the other hand, the bacteria that had the highest inverse correlation to
facial non-inflammatory lesions was Adlercreutzia equolifaciens, which is an equol-producing
bacteria. Supplementation of isoflavones has previously been shown to both modulate
hormones and improve acne [12], and it is worth further follow-up with more studies to
better understand the possible influence of Adlercreutzia equolifaciens on acne. Another
bacterial genus that emerged as correlated with the presence of inflammatory lesions was
Clostridium, which has been previously identified as a pathogenic genus [47], although it has
never been correlated with acne. One previous study found that Clostridia depletion may
be correlated with acne [21], which appears in opposition to our findings. However, a more
specific look at the associations may explain the difference as our data are more granular in
that we correlated separately against non-inflammatory and inflammatory lesions, with the
finding that Clostridia inversely correlated non-significantly to non-inflammatory lesions
(corr: −0.23, p-value: 0.34) but had a stronger correlation with the presence of inflammatory
lesions (corr: 0.74, p-value: 0.0001). Furthermore, we noted an association for the presence
of inflammatory lesions with Methanobrevibacter smithii, which is a known pathogen associ-
ated with gut dysbiosis such as Small Intestinal Bacterial Overgrowth (SIBO) and Intestinal
Methanogen Overgrowth (IMO) [48]. While SIBO has correlated with the scleroderma and
rosacea [22,49], our data suggest that further exploration into the association between SIBO
and inflammatory acne may be warranted.

A notable finding is that we identified an inverse correlation between the gut presence
of Akkermansia mucihiphila and inflammatory lesions. Although A. muciniphila presence
has typically been associated with decreased inflammation [50,51], several studies have
identified possible pro-inflammatory associations with A. muciniphila as well [51]. In light
of the many anti-inflammatory associations, it remains unclear if A. muciniphila is associated
with inflammatory lesions as a causative effect or as a reactionary mechanism by the gut
microbiota to reduce inflammation.

As the evidence for the role of nutrition in acne continues to grow, there has been
increased interest in understanding how the gut microbiome correlates with the presence of
acne. Previous gut microbiome analyses have indicated that an increase in the Proteobacte-
ria/Actinoobacteria ratio and a decrease in the Lactobacillus, Bifidobacterium, and Butyirococcus
genera are associated with the presence of acne [9]. Another study noted that the gut
microbiome was depleted of Clostridia, Clostridiales, Lachnospiraceae, and Ruminococcaceae
genera in those with acne [21]. In both previous studies, the sequencing was performed
through the use of 16S technology, which cannot identify specific strains. Our study utilizes
whole genome shotgun sequencing methods, rather than 16S, that allow for more detailed
species and strain level data. For example, our study shows different results from the afore-
mentioned study in that the Clostridum species positively correlated with inflammatory
lesions and, in particular, the strain of Clostridium Clostridium sp AF 23-8 was correlated to
the presence of inflammatory lesions. The reason for the differential results is not clear, but
may reflect that there could be a strain-to-strain level variation that may not be captured
at the species level. Further studies will help elucidate the contributions of gut bacterial
species and strains.

5. Conclusion

Our findings suggest that multiple factors may correlate with shifts in the skin’s
biophysical properties and with acne lesion counts. In particular, the normalized peak-
to-trough cortisol ratio may correlate with facial hydration and inversely correlate with
sebum excretion rate. Finally, the gut microbiome correlated with acne with differential
correlations between different species with inflammatory and non-inflammatory lesions.
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Evaluation of Hormonal Factors in Acne Vulgaris and the Course of Acne Vulgaris Treatment with Contraceptive-Based Therapies
in Young Adult Women. Cells 2022, 11, 78. [CrossRef]

20. Gezer, E.; Selek, A.; Cetinarslan, B.; Canturk, Z.; Tarkun, I.; Ceylan, S. The coexistence of infundibular pituicytoma and Cushing’s
disease due to pituitary adenoma: A case report. Endocr. Regul. 2019, 53, 263–267. [CrossRef]

21. Deng, Y.; Wang, H.; Zhou, J.; Mou, Y.; Wang, G.; Xiong, X. Patients with Acne Vulgaris Have a Distinct Gut Microbiota in
Comparison with Healthy Controls. Acta Derm. Venereol. 2018, 98, 783–790. [CrossRef] [PubMed]

22. Ellis, S.R.; Nguyen, M.; Vaughn, A.R.; Notay, M.; Burney, W.A.; Sandhu, S.; Sivamani, R.K. The Skin and Gut Microbiome and Its
Role in Common Dermatologic Conditions. Microorganisms 2019, 7, 550. [CrossRef]

23. Jung, G.W.; Tse, J.E.; Guiha, I.; Rao, J. Prospective, randomized, open-label trial comparing the safety, efficacy, and tolerability of
an acne treatment regimen with and without a probiotic supplement and minocycline in subjects with mild to moderate acne. J.
Cutan. Med. Surg. 2013, 17, 114–122. [CrossRef]

24. Tsai, W.H.; Chou, C.H.; Chiang, Y.J.; Lin, C.G.; Lee, C.H. Regulatory effects of Lactobacillus plantarum-GMNL6 on human skin
health by improving skin microbiome. Int. J. Med. Sci. 2021, 18, 1114–1120. [CrossRef] [PubMed]

25. Nong, Y.; Gahoonia, N.; Rizzo, J.; Burney, W.; Sivamani, R.K.; Maloh, J. Prospective Evaluation of a Topical Botanical Skin Care
Regimen on Mild to Moderate Facial and Truncal Acne and Mood. J. Clin. Med. 2023, 12, 1484. [CrossRef] [PubMed]

26. Ottesen, A.; Ramachandran, P.; Reed, E.; White, J.R.; Hasan, N.; Subramanian, P.; Chen, Y. Enrichment dynamics of Listeria
monocytogenes and the associated microbiome from naturally contaminated ice cream linked to a listeriosis outbreak. BMC
Microbiol. 2016, 16, 275. [CrossRef] [PubMed]

27. Ponnusamy, D.; Kozlova, E.V.; Sha, J.; Erova, T.E.; Azar, S.R.; Fitts, E.C.; Chopra, A.K. Cross-talk among flesh-eating Aeromonas
hydrophila strains in mixed infection leading to necrotizing fasciitis. Proc. Natl. Acad. Sci. USA 2016, 113, 722–727. [CrossRef]

28. Lax, S.; Smith, D.P.; Hampton-Marcell, J.; Owens, S.M.; Handley, K.M.; Scott, N.M.; Gilbert, J.A. Longitudinal analysis of microbial
interaction between humans and the indoor environment. Science 2014, 345, 1048–1052. [CrossRef]

29. Hasan, N.A.; Young, B.A.; Minard-Smith, A.T.; Saeed, K.; Li, H.; Heizer, E.M.; Colwell, R.R. Microbial community profiling of
human saliva using shotgun metagenomic sequencing. PLoS ONE 2014, 9, e97699. [CrossRef]

30. Maruo, T.; Sakamoto, M.; Ito, C.; Toda, T.; Benno, Y. Adlercreutzia equolifaciens gen. nov., sp. nov., an equol-producing bacterium
isolated from human faeces, and emended description of the genus Eggerthella. Int. J. Syst. Evol. Microbiol. 2008, 58, 1221–1227.
[CrossRef]

31. Bissonnette, R.; Risch, J.E.; McElwee, K.J.; Marchessault, P.; Bolduc, C.; Nigen, S.; Maari, C. Changes in serum free testosterone,
sleep patterns, and 5-alpha-reductase type I activity influence changes in sebum excretion in female subjects. Skin Res. Technol.
2015, 21, 47–53. [CrossRef] [PubMed]

32. Holland, D.B.; Cunliffe, W.J.; Norris, J.F. Differential response of sebaceous glands to exogenous testosterone. Br. J. Dermatol. 1998,
139, 102–103. [CrossRef] [PubMed]

33. Darley, C.R.; Kirby, J.D.; Besser, G.M.; Munro, D.D.; Edwards, C.R.; Rees, L.H. Circulating testosterone, sex hormone binding
globulin and prolactin in women with late onset or persistent acne vulgaris. Br. J. Dermatol. 1982, 106, 517–522. [CrossRef]
[PubMed]

34. Kiayani, A.J.; Rehman, F.U. Association of Serum Testosterone and Sex Hormone Binding Globulin Levels in Females with Acne
Based on Its Severity. J. Ayub. Med. Coll. Abbottabad. 2016, 28, 357–359.

35. Dreno, B.; Poli, F.; Pawin, H.; Beylot, C.; Faure, M.; Chivot, M.; Revuz, J. Development and evaluation of a Global Acne Severity
Scale (GEA Scale) suitable for France and Europe. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 43–48. [CrossRef]

36. Yamamoto, A.; Takenouchi, K.; Ito, M. Impaired water barrier function in acne vulgaris. Arch. Dermatol. Res. 1995, 287, 214–218.
[CrossRef]

37. Zhou, M.; Xie, H.; Cheng, L.; Li, J. Clinical characteristics and epidermal barrier function of papulopustular rosacea: A comparison
study with acne vulgaris. Pak. J. Med. Sci. 2016, 32, 1344–1348. [CrossRef]

38. Halpern, C.T.; Whitsel, E.A.; Wagner, B.; Harris, K.M. Challenges of measuring diurnal cortisol concentrations in a large
population-based field study. Psychoneuroendocrinology 2012, 37, 499–508. [CrossRef]

39. Pritchard, B.T.; Stanton, W.; Lord, R.; Petocz, P.; Pepping, G.J. Factors Affecting Measurement of Salivary Cortisol and Secretory
Immunoglobulin A in Field Studies of Athletes. Front. Endocrinol. 2017, 8, 168. [CrossRef]

40. Yosipovitch, G.; Tang, M.; Dawn, A.G.; Chen, M.; Goh, C.L.; Chan, Y.H.; Seng, L.F. Study of psychological stress, sebum production
and acne vulgaris in adolescents. Acta Derm. Venereol. 2007, 87, 135–139. [CrossRef]

41. Zari, S.; Alrahmani, D. The association between stress and acne among female medical students in Jeddah, Saudi Arabia. Clin.
Cosmet. Investig. Dermatol. 2017, 10, 503–506. [CrossRef] [PubMed]

42. Choe, S.J.; Kim, D.; Kim, E.J.; Ahn, J.S.; Choi, E.J.; Son, E.D.; Choi, E.H. Psychological Stress Deteriorates Skin Barrier Function by
Activating 11beta-Hydroxysteroid Dehydrogenase 1 and the HPA Axis. Sci. Rep. 2018, 8, 6334. [CrossRef] [PubMed]

43. Maarouf, M.; Maarouf, C.L.; Yosipovitch, G.; Shi, V.Y. The impact of stress on epidermal barrier function: An evidence-based
review. Br. J. Dermatol. 2019, 181, 1129–1137. [CrossRef]

44. Altemus, M.; Rao, B.; Dhabhar, F.S.; Ding, W.; Granstein, R.D. Stress-induced changes in skin barrier function in healthy women.
J. Investig. Dermatol. 2001, 117, 309–317. [CrossRef]

https://doi.org/10.3390/cells11244078
https://doi.org/10.2478/enr-2019-0026
https://doi.org/10.2340/00015555-2968
https://www.ncbi.nlm.nih.gov/pubmed/29756631
https://doi.org/10.3390/microorganisms7110550
https://doi.org/10.2310/7750.2012.12026
https://doi.org/10.7150/ijms.51545
https://www.ncbi.nlm.nih.gov/pubmed/33526970
https://doi.org/10.3390/jcm12041484
https://www.ncbi.nlm.nih.gov/pubmed/36836020
https://doi.org/10.1186/s12866-016-0894-1
https://www.ncbi.nlm.nih.gov/pubmed/27852235
https://doi.org/10.1073/pnas.1523817113
https://doi.org/10.1126/science.1254529
https://doi.org/10.1371/journal.pone.0097699
https://doi.org/10.1099/ijs.0.65404-0
https://doi.org/10.1111/srt.12155
https://www.ncbi.nlm.nih.gov/pubmed/25163854
https://doi.org/10.1046/j.1365-2133.1998.02322.x
https://www.ncbi.nlm.nih.gov/pubmed/9764157
https://doi.org/10.1111/j.1365-2133.1982.tb04553.x
https://www.ncbi.nlm.nih.gov/pubmed/6462165
https://doi.org/10.1111/j.1468-3083.2010.03685.x
https://doi.org/10.1007/BF01262335
https://doi.org/10.12669/pjms.326.11236
https://doi.org/10.1016/j.psyneuen.2011.07.019
https://doi.org/10.3389/fendo.2017.00168
https://doi.org/10.2340/00015555-0231
https://doi.org/10.2147/CCID.S148499
https://www.ncbi.nlm.nih.gov/pubmed/29255370
https://doi.org/10.1038/s41598-018-24653-z
https://www.ncbi.nlm.nih.gov/pubmed/29679067
https://doi.org/10.1111/bjd.17605
https://doi.org/10.1046/j.1523-1747.2001.01373.x


Microorganisms 2023, 11, 2049 11 of 11

45. Murga-Garrido, S.M.; Ulloa-Pérez, E.J.; Díaz-Benítez, C.E.; Orbe-Orihuela, Y.C.; Cornejo-Granados, F.; Ochoa-Leyva, A.; Lagunas-
Martínez, A. Virulence Factors of the Gut Microbiome Are Associated with BMI and Metabolic Blood Parameters in Children
with Obesity. Microbiol. Spectr. 2023, 11, e0338222. [CrossRef]

46. Macklis, P.; Adams, K.; Kaffenberger, J.; Kumar, P.; Krispinsky, A.; Kaffenberger, B. The Association between Oral Health and Skin
Disease. J. Clin. Aesthet. Dermatol. 2020, 13, 48–53.

47. Cruz-Morales, P.; Orellana, C.A.; Moutafis, G.; Moonen, G.; Rincon, G.; Nielsen, L.K.; Marcellin, E. Revisiting the Evolution and
Taxonomy of Clostridia, a Phylogenomic Update. Genom. Biol. Evol. 2019, 11, 2035–2044. [CrossRef] [PubMed]

48. Banaszak, M.; Gorna, I.; Wozniak, D.; Przyslawski, J.; Drzymala-Czyz, S. Association between Gut Dysbiosis and the Occurrence
of SIBO, LIBO, SIFO and IMO. Microorganisms 2023, 11, 573. [CrossRef]

49. Nickles, M.A.; Hasan, A.; Shakhbazova, A.; Wright, S.; Chambers, C.J.; Sivamani, R.K. Alternative Treatment Approaches to Small
Intestinal Bacterial Overgrowth: A Systematic Review. J. Altern. Complement Med. 2021, 27, 108–119. [CrossRef]

50. Raftar SK, A.; Ashrafian, F.; Abdollahiyan, S.; Yadegar, A.; Moradi, H.R.; Masoumi, M.; Zali, M.R. The anti-inflammatory effects of
Akkermansia muciniphila and its derivates in HFD/CCL4-induced murine model of liver injury. Sci. Rep. 2022, 12, 2453. [CrossRef]

51. Si, J.; Kang, H.; You, H.J.; Ko, G. Revisiting the role of Akkermansia muciniphila as a therapeutic bacterium. Gut. Microbes. 2022,
14, 2078619. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1128/spectrum.03382-22
https://doi.org/10.1093/gbe/evz096
https://www.ncbi.nlm.nih.gov/pubmed/31076745
https://doi.org/10.3390/microorganisms11030573
https://doi.org/10.1089/acm.2020.0275
https://doi.org/10.1038/s41598-022-06414-1
https://doi.org/10.1080/19490976.2022.2078619
https://www.ncbi.nlm.nih.gov/pubmed/35613313

	Introduction 
	Methods 
	Subjects 
	Study Visits and Procedures 
	Gut Microbiome Sequencing and Analysis 
	Statistical Analysis 

	Results 
	Correlations to Facial Acne Lesion Counts 
	Correlations to Skin Biophysical Properties 
	Correlations to the Gut Microbiome 

	Discussion 
	Conclusion 
	References

