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Background: The tests of sex hormones play pivotal roles in the clinical diagnosis and treatment of acne vulgaris, but the majority of
patients with acne vulgaris present regular sex hormone levels within the normal reference range.

Objective: To determine the correlation among levels of sex hormones, ratio of androgen to estrogen and acne grades in patients with
acne vulgaris.

Methods: A cross-sectional study was applied to collect 693 patients with acne vulgaris. All samples were screened by cluster
sampling among those who underwent tests of sex hormones at Beijing Jingcheng Skin Hospital from July 2021 to June 2022.
A gender stratified analysis was performed to classify acne grades I-IV. Spearman correlation analysis was used to analyze the
relationship between age, sex hormones, ratio of androgen to estrogen and acne grades, with multinomial logistic regression to analyze
the association of sex hormones with acne grades in patients with acne.

Results: (1) The testosterone levels were mostly within normal reference values for both males and females with varying degrees of
acne. For females, the serum follicle-stimulating hormone, estradiol, progesterone, testosterone, and ratio of androgen to estrogen were
significantly different between acne grades. For males, there were significant differences in serum estradiol, testosterone, and ratio of
androgen to estrogen across acne grades. (2) The acne grade was negatively correlated with estradiol and positively correlated with the
ratio of androgen to estrogen; the female acne grade was also negatively correlated with age and progesterone, but positively correlated
with follicle-stimulating hormone. (3) Multivariate logistic regression analysis indicated that the ratio of androgen to estrogen was
independently correlated with the grade of acne and that acne grade worsened as the ratio increased.

Conclusion: The increase in the ratio of androgen to estrogen may aggravate the acne grade in patients with acne vulgaris.
Keywords: acne vulgaris, sex hormones, testosterone, estradiol, ratio of androgen to estrogen

Introduction

Acne vulgaris is the eighth most common non-fatal disease in the world, with a prevalence of 9.38% in the world’s
population, with a prevalence of approximately 8.96% in men and 9.81% in women." Acne vulgaris is a chronic inflamma-
tory skin disease that occurs mostly in areas with a high density of pilosebaceous glands, including face, back, chest and
shoulders.> Acne in adolescence, on a larger scale, reveals different clinical characteristic by the appearance of skin eruptions
such as comedones, papules, nodules, pustules, and seborrhea.® In China, the prevalence of acne is about 39.2%,% compared
to 42.2-73.5% in some European countries, with the highest prevalence between the ages of 15-17 years.” Additionally,
about 33% of people aged 15 to 44 suffer from acne,’ and the prevalence of acne in adolescents is about 80 to 90%, while it
usually subsides by the age of 30.” The acne scarring and hyperpigmentation formed by inflammatory lesions exert
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considerable physical and psychological stress on the patient.® The pathogenesis of acne has not been fully elucidated, and
multiply pathogenesis is currently thought to be involved, including genetic factors, androgen-induced sebaceous gland
oversecretion of lipids, abnormal keratinization of pilosebaceous ducts, proliferation of skin microorganisms such as
Cutibacterium acnes (formerly known as Propionibacterium acnes),” and local inflammation as well as immune
response.'® The treatment in clinical practice is currently focused on targeting inflammatory and bacterial therapies, adjusting
hormone levels, exfoliating and other treatments that may achieve favorable efficacy, but will undergo a long course. The
sense of patients are hopelessness and social isolation.!' Notably, patients need to maintain the therapy for a long time even
during the recovery period, as drug withdrawal may lead to a relapse of the disease.'?

As the sex hormone levels, especially the serum testosterone levels, are mostly within the normal reference range,
a number of acne patients fail to account for elevated androgen levels in clinical practice, but the occurrence and
development of acne are closely related to androgen levels.'> Androgens can be converted to estrogens in vivo with the
help of aromatase, suggesting that the ratio of androgens to estrogens should be paid attention to, which can be of great
benefit in understanding the occurrence and development of acne.'* Therefore, this study investigated the case reports
from July 2021 to June 2022 at the Beijing Jingcheng Skin Hospital, with the main diagnosis of acne vulgaris, and took
six tests of sex hormones. The correlation between acne and sex hormones, especially the ratio between men and women,
was analyzed to explore the underlying mechanisms.

This study aims to evaluate the correlation between serum sex hormone levels and acne grade in patients with acne
vulgaris and to explore the possibility of a relationship between testosterone/estradiol levels (A/E, ratio of androgen to
estrogen) and acne vulgaris grade. To our knowledge, this study is the first to address this question in Beijing, China.

Methods

Calculation of Sample Size

The sample size was calculated according to the factor variables of multivariate logistic regression and each univariate
variable has a minimum of 15 valid sample sizes.'” A total of nine factor variables were considered in this study
including sex, age, six sex hormones, and ratio of androgen to estrogen. Given that there are 4 levels in the outcome
variable, which multiply by 4, at least 540 cases are required.

General Information and Ethics

Cluster sampling collected the medical records of patients tested for sex hormones with a primary diagnosis of acne vulgaris
from July 2021 to June 2022 at Beijing Jingcheng Skin Hospital. In the case of the same patient, the first test data will prevail
and those with incomplete basic information will be excluded. All the data were collected by the information engineer of
Beijing Jingcheng Skin Hospital, and informed consent for observation was obtained from the Hospital and each of the
participants. This study was approved by the Ethics Committee of the Beijing University of Chinese Medicine and conducted
according to the principles of the Declaration of Helsinki. Study Registration Scheme ChiCTR2100054470.

Study Methodology

Our study documented clinical data through the hospital’s electronic pathology data system and data control center, and
the patient’s medical records and test report data were retrieved to gather the baseline data (including age, gender),
laboratory data (luteinizing hormone, follicle-stimulating hormone, estradiol, total testosterone, and progesterone). The
participants were classified into 4 groups, according to the clinical diagnosis and Pillsbury acne grade I-IV. Given that
gender is responsible for the variations in hormone levels, they were divided into two subgroups, male and female, for
statistical analysis.

Diagnostic Criteria and Grading Criteria

The diagnosis of acne vulgaris was based on the diagnostic criteria established in Zhao Bian’s China Clinical
Dermatology."® All the included cases are in line with the diagnostic points of acne: (1) it mostly occurred in
adolescence; (2) it mostly involved areas with developed sebaceous glands, including the face, chest, and back (3) the
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lesions were scattered comedones, papules, pustules, etc., mostly symmetrically distributed (4) there were blackheads
discharged after squeezing the comedones with yellow-white translucent fat plugs left (5) patients are usually asympto-
matic and may sometimes have pain and tenderness.

Grading is performed according to the Pillsbury Acne Scale:'” Grade I: comedones and occasional small cysts
confined to the face; Grade II: comedones, occasional pustules, and small cysts confined to the face; Grade III: many
comedones, small and large inflammatory papules and pustules, more extensive but confined to the face; Grade IV: many
comedones and deep lesions tend to merge and form tubules, involving the face and upper trunk.

Blood Sample Collection Specifications, Collection Requirements, Testing Reagents,
and Equipment

All blood samples in the hospital were collected in the following manner: venous blood was obtained by antecubital
venipuncture and analyzed within 1 hour after sampling using a KWS-5mL-PET vacuum blood collection tube. The
concentrations of luteinizing hormone, follicle-stimulating hormone, estradiol, progesterone, testosterone, and prolactin
were detected by magnetic particle chemiluminescence method using AutoLumo A2000 plus automatic chemilumines-
cence analyzer following the guidance and reference values of the normal human. All the kits were purchased from
AUTOBIO DIAGNOSTICS. It is noted that all female blood samples were collected during the follicular phase of the
menstrual cycle. The ratio of androgen to estrogen (A/E) = The concentrations of testosterone (nmol/L) + The

concentrations of estradiol (pmol/L) x1000.

Bias and Confounders Control

Several studies have shown that body mass index,'®

1920 and serum 25-

the number of smoking frequency,
hydroxyvitamin D levels®' are correlated with acne grades. Given that the collected cases were derived from the medical
outpatient management system, and the specificity of outpatient medical diagnosis and treatment (the statistical
information on living habits is not perfect) and survey recall bias, the aforementioned information bias and confounding
factors were not within the scope of this statistical study. Our study expanded the sample size of the survey population to
control for the aforementioned bias. Considering diseases with a large impact on the hormone level, exclude patients with

secondary diagnosis of polycystic ovary syndrome, seborrheic alopecia, seborrheic dermatitis and chloasma.

Statistical Analysis

SPSS 22.0 statistical software was used for data processing. The normally distributed measurement data were expressed
as mean * standard deviation (SD), and one-way ANOVA was used for comparison between groups. In addition, the non-
normally distributed measurement data were expressed as the median (Q1-Q3), and Kruskal-Wallis test was used for the
rank sum test to describe the difference among groups. Non-normally distributed measurement data were analyzed using
Spearman correlation, while the enumeration data were expressed as [n (%)] via the y* test. Multinomial logistic
regression was used to analyze the relationship between the relevant variables and acne grade, with differences

considered statistically significant at p <0.05.

Results
Study Participants

A total of 696 clinical medical records were enrolled in our study, with no duplicate patients. There is no patient with
secondary diagnosis of polycystic ovary syndrome, seborrheic alopecia, seborrheic demateria and chloroma. Three
patients with incomplete basic information were excluded, leaving 693 patients, including 565 females and 128 males,
generally between the ages of 20 and 30 years. Moderate acne (Grade II and III) accounted for a large proportion among

patients with varying degrees of acne with mild acne (Grade I) in few numbers. (Tables 1 and 2)
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Table 1 Acne Vulgaris Patients Study Participants

Indicators Acne Vulgaris Patients N (693)
Gender

Female N (%) 565(81.5%)

Male N (%) 128(18.5%)
Age, years

Female (mean * SD) 26.7+6.4

Male (mean + SD) 24.0+6.7

Abbreviations: N, number; SD, standard deviation.

Table 2 Acne Vulgaris Patients Pillsbury Grades

Grade | N (%) Grade Il N (%) Grade Il N (%) Grade IV N (%) Va p-value
Female N (%) 71(12.6%) 233(41.2%) 187(33.1%) 74(13.1%) 141.372 <0.001
Male N (%) 7(5.5%) 26(20.3%) 51(39.8%) 44(34.4%) 36.438 <0.001

Abbreviation: N, number.

Comparison of Biochemical Results of Serum Sex Hormone Concentrations in Males

and Females

The data showed that serum follicle-stimulating hormone, estradiol, progesterone, testosterone, and the ratio of androgen
to estrogen among different acne grades were statistically significant in female acne patients (p <0.05), but there was no
difference in luteinizing hormone and prolactin. Additionally, serum estradiol, testosterone, and the ratio of androgen to
estrogen among different acne grades were statistically significant in male acne patients (p <0.05), but follicle-stimulating
hormone, luteinizing hormone, progesterone, and prolactin did not differ among acne grades. Intriguingly, it was found
that the hormone levels of male acne patients were mostly within the normal reference range. And, notably, only 2 of 128
male acne patients showed higher testosterone levels, while 4 (4.3%) of 565 female acne patients were at lower values.
Furthermore, estradiol was observed to increase in 49 (8.7%) patients and decline in 210 (37.2%) patients (Tables 3-5).

Univariate Correlation Analysis Between Sex Hormone Levels and Acne Grades

The Spearman analyses were carried out considering all influencing factors and found that the acne grades of female and
male were negatively correlated with estradiol expression (p <0.05), and positively correlated with testosterone and the
ratio of androgen to estrogen (p <0.05). Female acne grades presented negatively correlated with age and progesterone
(p <0.05), and positively association with follicle-stimulating hormone (p <0.05) (Table 6).

Table 3 Associations Between Acne Grades and Serum Sex Hormone Levels in Female Acne Patients

Indicators Grade | Grade Il Grade llI Grade IV KW-;2 p-value
FSH(IU/L) 4.71(2.75-6.73) 5.37(3.56-7.72) 7.01(5.55-8.38) 6.83(5.54-9.47) 42233 <0.001
LH(IU/L) 6.62(3.46—12.73) 6.84(4.64-10.95) 6.55(4.61-10.41) 7.13(4.52-10.16) 0.773 0.856
E2(pmol/L) 595.86(285.72-1054.28) | 317.53(206.77—479.50) 152.89(99.42-202.34) 125.59(91.21-158.81) 225.324 | <0.001
P(nmol/L) 11.07(0.75—41.40) 2.09(0.48-23.73) 0.71(0.38-1.29) 0.65(0.43—-1.04) 63.766 <0.001
T(nmol/L) 0.56(0.10-0.94) 0.89(0.59-1.26) 1.11(0.73—1.48) 1.40(0.81-1.90) 64.988 <0.001
PRL(mIU/L) | 283.94(156.20-427.85) 256.93(142.10-415.72) | 239.00(116.50-357.39) | 258.86(144.94-389.80) | 6.650 0.232
AJE 0.84(0.56—1.15) 2.88(1.95-3.76) 7.02(5.47-9.23) 11.98(8.09—14.24) 416437 | <0.001

Abbreviations: KW, Kruskal-Wallis test; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testosterone; PRL, prolactin; A/E,
ratio of androgen to estrogen.
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Table 4 Associations Between Acne Grades and Serum Sex Hormone Levels in Male Acne Patients
Indicators Grade | Grade Il Grade Il Grade IV KW-;> p-value
FSH(IU/L) 5.59(5.24-7.18) 4.45(2.88-5.77) 4.01(2.81-5.74) 4.11(3.14-4.96) 6.014 0.111
LH(IU/L) 3.63(2.49-6.05) 5.22(4.23-6.15) 4.55(3.31-6.17) 4.92(3.40-6.52) 2412 0491
E2(pmol/L) 146.35(112.74-172.00) 136.46(118.15-164.70) 108.75(88.22-134.77) 98.15(38.62-125.55) 21.302 <0.001
P(nmol/L) 0.50(0.46-0.62) 0.48(0.31-0.63) 0.42(0.27-0.70) 0.48(0.34-0.78) 1.365 0.714
T(nmol/L) 11.06(9.31-14.76) 13.93(10.69-15.14) 15.46(11.47—-17.88) 18.43(12.48-23.01) 16.991 <0.001
PRL(mIU/L) 300.16(186.04-371.23) 188.00(142.23-340.63) 201.31(127.70-276.08) 214.00(157.88-308.66) 2.342 0.505
AJE 82.26(58.63-83.32) 97.83(93.20-103.00) 137.47(125.00-153.02) 191.40(173.38-214.08) 103.461 <0.001

Abbreviations: KW, Kruskal-Wallis test; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testosterone; PRL, prolactin; A/E,
ratio of androgen to estrogen.

Table 5 The Reference Ranges of Serum Sex Hormones

Indicators | Reference Interval to Female (Follicular Phase) Reference Interval to
Male

FSH (IU/L) 2.5-11.4 I1-12.1

LH (IU/L) 1.2-12.7 1-12.5

E2 (pmol/L) 110.1-550.5 <275.25

P (nmol/L) 0.64-7.63 0.32-6.36

T (nmol/L) 0.1-3.12 7.98-29.77

PRL (mlU/L) 51.0-580.0 42.5-414.0

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testosterone;

PRL, prolactin.

Table 6 Correlation Analysis Between Hormone Level and Acne Grade

Variables Spearman Correlation p-value | Spearman Correlation | p-value
Coefficient (Female) Coefficient (Male)
Age —0.211 <0.001 —0.036 0.684
FSH 0.261 <0.001 —0.123 0.166
LH —0.006 0.889 —0.014 0.877
E2 —0.621 <0.001 —0.401 <0.001
P —0.326 <0.001 0.029 0.743
T 0.326 <0.001 0.363 <0.001
PRL —0.074 0.077 —0.041 0.644
AJE 0.844 <0.001 0.903 <0.001

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone;

testosterone; PRL, prolactin; A/E, ratio of androgen to estrogen.

E2, estradiol; P, progesterone; T,

Multivariate Logistic Regression Analysis of Multiple Factors Affecting Acne Grade
Based on the results of the above correlation analysis, variables with p <0.05 were subjected to multinomial logistic regression

and analyzed according to the —2-fold log-likelihood value. Once selected, they were again included in the multinomial

logistic regression affecting acne grade. Taking Grade I (mild) acne as a reference comparison in the analysis, the ratio of

androgen to estrogen served as an independent risk factor for acne grade with acne worsening as the ratio of androgen to

estrogen increased (Tables 7 and 8).
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Table 7 Multivariable Analysis of the Relationship Among Sex
Hormone Levels and Acne

Variables Model Fitting Standard Likelihood Ratio
Test
—2-Fold Log-Likelihood Chi p-value
value Square

Age (F) 636.347 0.764 0.858
E2 (F) 659.082 23.499 <0.001
FSH (F) 636.219 0.636 0.888
T (F) 669.135 33.552 <0.001
P (F) 638.026 2443 0.486
A/E (F) 851.178 215.595 <0.001
E2 (M) 101.152 3.257 0.354
TM) 101.163 3.267 0.352
A/E (M) 107.708 9.812 0.020

Abbreviations: F, female; M, male; FSH, follicle-stimulating hormone; E2, estradiol; P,
progesterone; T, testosterone; A/E, ratio of androgen to estrogen.

Table 8 Multiple Logistic Regression Analysis of Sex Hormone Level and Acne
Grade (Taking Grade | Acne Patients as a Reference Comparison)

Acne Grade | Variables B Wald | p-value OR 95% ClI
Grade Il AJE (F) 3474 | 53.804 <0.001 32.268 12.753-81.643
Grade I AJE (F) 4.988 | 99.615 <0.001 146.633 | 55.060-390.504
Grade IV AJE (F) 5.075 | 102.885 | <0.001 159.909 | 59.982-426.309
Grade |l AE (M) 0.107 5.531 0.019 1.133 1.018-1.217
Grade Il AJE (M) 0.267 | 19.332 <0.001 1.305 1.159-1.470
Grade IV AJE (M) 0.383 | 33.671 <0.001 1.467 1.289-1.670

Abbreviations: OR, odds ratio; Cl, confidence interval; F, female; M, male; A/E, ratio of androgen to
estrogen.

Discussion

Previous researches have not documented the effect of the ratio of androgen to estrogen on acne aggravation, it is the first
time in this work to investigate their correlations in Beijing region. As compared to women, it has been reported that the
incidence of acne in men is slightly lower, with the adolescence and early adulthood in the supreme risk. Notably, this
trend reverses with age and women are more susceptible in adult.?? In this study, fewer male acne patients received
formal treatment than female acne patients, which may attribute to the fact that women place more importance on
appearance than men, as acne is considered a non-lethal disease that is often overlooked by male patients in its mild
stages. The age of the patients for clinical therapy was mostly concentrated between 20 to 30 years old. In addition, given
that acne is a self-limiting disease, most patients are reluctant to be diagnosed and treated due to mild symptoms in Grade
I, which could explain the inferior number of patients with Grade I acne coming to the hospital for treatment. It was
observed that abnormally elevated testosterone values were closely associated with acne in only 2 men and 4 women
from the serum sex hormone results, accounting for a minority of the total number investigated, which was consistent
with the findings of Egyptian scholars®® and Pakistani scholars,®* despite contrary to the studies of Indian scholars.?’
Diminished levels of estradiol occupied 37.2% of female acne patients, which was in line with Turkish scholars.”® The
acne grades were significantly correlated with estradiol and the ratio of androgen to estrogen, the latter being an
independent risk factor through multivariate logistic regression. Notably, there was a tendency for the disease to

exacerbate as the ratio of androgen to estrogen increased.
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Many women experience periodic exacerbations of premenstrual acne. A survey of 3065 young Egyptian women
found that 56.7% of acne sufferers experienced the exacerbations during menstruation.”” Another survey of 400
American women found that 44% experienced a worsening of premenstrual acne.”® The periodic exacerbations of
premenstrual acne may attribute to the variations in the level of sex hormones in the body caused by various factors.
During ovulation, the increase in progesterone promotes the synthesis of a large amount of testosterone, the increase in
the number of sebaceous glands, and changes in the composition of sebum. Considering that estrogen and progesterone
exert a reduction in pro-inflammatory cytokine activity and anti-inflammatory effects,”” the decrease in premenstrual
hormone levels attenuated the inhibitory capacity of androgens, thereby weakening the anti-inflammatory effects and
contributing to greater susceptibility to inflammatory responses.® The role of progesterone in acne pathogenesis is
controversial as it, as a competitive inhibitor of 5o reductase, may play a role in reducing sebaceous gland activity, but its
inhibitory effect on sebum is minimal in humans.>' However, Kanda’s research®” reported that progesterone aggravates
acne by stimulating sebum secretion and keratinocyte proliferation. Therefore, there is a lack of consensus on the
relationship between acne vulgaris and serum progesterone levels in women. In addition, the role of estrogen-rich foods
and drugs containing a large amount of estrogen in the treatment of acne also generated much discussion. It is currently
believed that high levels of estrogen can protect acne by reducing endogenous androgen secretion and leading to
sebaceous gland suppression.

In clinical practice, the ratio of aspartate aminotransferase/alanine aminotransferase is used to reflect the damage to liver
cells. Specifically, the ratio of direct bilirubin / total bilirubin indicates the type of jaundice, while the ratio of albumin/
globulin indicates liver cirrhosis, both of which are essential for clinical diagnosis. Another study pointed out that adjusting
the ratio of estrogen to androgen in the body can alter the lipid metabolism in the male liver.*> Changes in the ratio of
androgen to estrogen are associated with the development of benign and malignant prostate disease, and the imbalanced ratio
of estrogen and androgen may affect prostate fibrosis.***> Experimental data suggested that modulation of the androgen to
estrogen ratio was expected as a potential target for diabetic nephropathy.*® Therefore, it is speculated that the development
of acne is related to the ratio of androgen to estrogen. Serum luteinizing hormone, follicle-stimulating hormone, estradiol,
testosterone, progesterone, and prolactin are the most frequently used indicators of endocrine function. Luteinizing hormone
Genitin and follicle-stimulating hormone act primarily on the follicles to accelerate follicle development and regulate
estrogen secretion. Mature follicles secrete a large amount of estradiol, participating in the rapid increase in serum estradiol
levels, which in turn has a feedback effect on the hypothalamus.*”*® Then, the estradiol stimulates the hypothalamus to
release a large amount of gonadotropin, driving the pituitary to secrete luteinizing hormone and follicle-stimulating hormone.
Testosterone is an androgen mostly regulated by luteinizing hormone and has a negative feedback regulation effect on the
hypothalamus-pituitary gland. Given its role as an essential intermediate in sex steroid synthesis, testosterone can be further
converted into estradiol by aromatase. The appearance of acne and bisexual sebum production in prepubertal girls correlates
with serum dehydroepiandrosterone levels, whereas patients with acne vulgaris present with elevated serum progesterone
levels and reduced estrogen levels,?” suggesting that the onset or extent of acne cannot be determined by a single change in
estrogen or androgenic. The conversion of androgens to estrogens via aromatase in vivo, and the regulation ability of rate-
limiting enzymes to be altered by external or pharmacological stimuli, resulting in an imbalance in the conversion from
androgens to estrogens, might be a central process in the development of acne.

This study found that the ratio of androgen to estrogen of patients with acne vulgaris was an independent risk factor
for acne grade, highlighting the importance of screening for the ratio of androgen to estrogen in acne patients. Larger
clinical trials are needed to identify the significance of sex ratio on acne grades.

Conclusion
The ratio of androgen to estrogen was identified as an independent risk factor for acne grade, and acne grade escalated as
the ratio increased. Therefore, the ratio of androgen to estrogen has the potential to be an indicator of acne grades.

Study Limitations
There still existed some limitations in our study as the research used the cross-sectional design with the scope of the
survey confined to one dermatology hospital, which leads to the finite sample size with only the age and gender in the
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medical records of the acne patients. However, the secondary diagnosis of the patients, body mass index, lifestyle habits,

and genetic factors were not further analyzed, thus resulting in selection bias. Therefore, larger sample sizes will be

urgently warranted to confirm the current results in the future. In our study, we found that the number of women who

diagnosed and treated acne vulgaris in hospitals was 4.4 times that of men, which was not due to the different prevalence

of acne vulgaris in men and women. Therefore, in future clinical trials, the sample impact caused by this imbalance

between men and women should be considered.

Abbreviations
A/E, ratio of androgen to estrogen; E2, estradiol; F, female; FSH, follicle-stimulating hormone; LH, luteinizing hormone;

M, male; N, numbers; P, progesterone; PRL, prolactin; SD, standard deviation; T, testosterone.
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