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Abstract
BACKGROUND
[bookmark: _Hlk199250158]Metabolic dysfunction-associated fatty liver disease (MASLD) is a chronic liver disease characterized by hepatocellular steatosis, which is closely related to metabolic syndrome, with annually increasing morbidity in recent years. Gynecomastia (GYN), an abnormal proliferation of breast tissue in males, is common in males with sex hormone imbalance. Currently, there is insufficient research on the morbidity of GYN and its correlation among MASLD patients. 

AIM
To investigate the prevalence of GYN and its associated clinical features in patients with MASLD and determine the prevalence of GYN in patients with MASLD and analyze the predictive effect of sex hormones on GYN using receiver operating characteristic (ROC) curves.

METHODS
A cross-sectional study was conducted in a tertiary care hospital. Among them, 997 patients met the inclusion criteria and underwent breast ultrasonography to determine the presence of GYN. Anthropometric data, laboratory test data [estradiol (E2), androgens, liver function, glucose, lipids, low-density lipoprotein, high-density lipoprotein, creatinine, and uric acid, etc.], as well as information on medical history, severity of fatty liver (mild, moderate, and severe), and duration of the disease were collected. Package for the Social Sciences version 27 and R software (version 4.3.1) were used for data analysis.

RESULTS
The prevalence of GYN increased with the severity of fatty liver (27.6% for mild, 33.5% for moderate, and 58% for severe, P < 0.001); compared with non-GYN patients, GYN patients were older (54.11 ± 9.71 years vs 47.89 ± 9.92 years, P < 0.001), with significantly higher E2 levels, higher estrogen to androgen ratio (P < 0.001) and significantly lower androgen levels (P < 0.001). In ROC curve analysis, the combined model of testosterone and E2 had a high diagnostic value in predicting GYN in MASLD patients, surpassing a single indicator.

CONCLUSION
The presence of GYN may suggest more severe metabolic abnormalities in patients with MASLD. Therefore, early recognition of GYN may be crucial for early intervention in metabolic syndrome and endocrine abnormalities in patients with MASLD.
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Core Tip: This pioneering study investigated the unexplored link between the severity/duration of metabolic dysfunction-associated fatty liver disease (MASLD) and gynecomastia (GYN) in adult males, addressing acritical research gap. By integrating MASLD with body mass index and sex hormone imbalances, we revealed GYN as a novel marker for metabolic disorders (hyperglycemia, hypertension, dyslipidemia), shedding light on MASLD-driven endocrine disruption. Our findings underscore the necessity of holistic metabolic management—targeting obesity, MASLD, and hormonal imbalance—to mitigate GYN progression. This first-of-its-kind analysis provides a transformative clinical framework for early screening and intervention, positioning GYN as a sentinel for underlying metabolic dysfunction, thereby enhancing preventive strategies and therapeutic outcomes for MASLD-related comorbidities.

INTRODUCTION
Metabolic dysfunction-associated fatty liver disease (MASLD) is a major component of chronic liver disease, with a global prevalence of approximately 20%-30%[1]. MASLD is the leading cause of chronic liver disease, which is burdensome for significantly increased extra-hepatic disease[2]. The incidence of MASLD increases with obesity, significantly increasing medical and economic burden on this population[3,4]. MASLD is defined as the accumulation of more than 5% lipids in liver cells of individuals not who do not consuming excessive alcohol, excluding other known diseases (autoimmune, viral, etc.)[5]. It is chronic liver disease caused by obesity, diabetes mellitus (DM), and metabolic syndrome[6,7]. MASLD has multiple pathogenic factors such as insulin resistance, DM, hypertension, dyslipidemia, and obesity. It is not only considered a result of abnormal fat metabolism, but also a hepatic component of metabolic syndrome[8,9]. In recent years, an international panel of experts has renamed metabolism-associated fatty liver disease as MASLD. It is widely believed that MASLD is a metabolic disease, of which development can be affected by certain metabolic factors[10].
Gynecomastia (GYN) is described as an enlargement of male breast tissue, characterized by a mass (bilaterally or rarely unilaterally) extending from the center of nipple, accompanied by a pushable mass palpable under the areola, which may be painful in some patients[11]. The prevalence of GYN ranges from 32% to 65%, depending on diagnosis, age, and lifestyle[12]. GYN is associated with an imbalance in the estrogen/androgen balance, which can be caused by various factors including medications, endocrine disorders, and liver disease[13,14]. After 12 months or more, fibrosis and vitreous degeneration may occur, which is unlikely to resolve spontaneously even after removing the causative factors, and may have a significant impact on the patient's physical and mental health, as well as on social interaction[15].
Studies on the relationship between fatty liver and metabolic abnormalities and sex hormone imbalance has been widely recognized, and the relationship between metabolic abnormalities and imbalanced estrogen/androgen ratios and GYN has been well established. However, there is still a lack of research on the relationship between metabolic abnormalities and imbalanced estrogen/androgen ratios and GYN. Therefore, this study aims to investigate GYN in patients with fatty liver and analyze its correlation at different dimensions and levels, providing new ideas and bases for the prevention and treatment of GYN.

MATERIALS AND METHODS
Study design and population
[bookmark: _Hlk199239732]We retrospectively identified patients diagnosed with MASLD through ultrasound at our physical examination center from January 2024 to December 2024. Adult male patients who met the following criteria were included: (1) Diagnosed with steatohepatopathy by abdominal ultrasound; (2) Age ≥ 18 years; (3) No history of significant alcohol consumption (alcohol intake < 30 g/day) {according to the Zhonghua Neifenmi Zazhi and Metabolism 2018 Consensus on the Diagnosis and Treatment of Nonalcoholic Steatohepatopathies and Associated Metabolic Disorders (Second Edition) Chinese Medical Association Endocrinology Branch, Drinking volume: (1) Male alcohol consumption of converted ethanol < 30 g/day (< 210 g/week); and (2) Female < 20 g/day (< 140 g/week) [calculation method: Ethanol intake (g), women < 20 g/day (< 140 g/week)]. Male intake <30 g/day (< 210 g/week) and female intake < 20 g/day (< 140 g/week) [calculation method: Ethanol intake (g) = volume (mL) × alcoholic strength (%) × 0.8]}; (4) No endocrine disorders (e.g., hyperthyroidism, adrenal disease, etc.); (5) No history of medication that may lead to breast development disorders (e.g., certain antipsychotic drugs, hormonal drugs, etc.); (6) Excluding other liver diseases (e.g. viral hepatitis, autoimmune liver disease, etc.); and (7) Completing relevant examinations and tests. Exclusion criteria: (1) Female MASLD patients; (2) Previous breast surgery or endocrine therapy; (3) Diseases known to affect the level of sex hormones (such as Crohn's syndrome, hyperthyroidism); (4) Patients with malignant tumors or other serious systemic diseases; (5) Patients with missing or incomplete data; and (6) Patients who do not cooperate with breast ultrasound.
After screening, 997 subjects were enrolled in our study. The flow chart for personnel screening is shown in Figure 1. Researchers performed free breast ultrasound examinations on all eligible subjects determine the presence of GYN. (1) Ultrasound showed hypoechoic glandular tissue behind the nipple-areola, distributed in a disk or fan shape, distinguishing it from surrounding fatty tissue[16]; and (2) Clinically, a thickness of > 0.5 cm of glandular tissue in male breast is usually recognized as the diagnostic criterion for this disease[17]. 
Diagnostic criteria for fatty liver: (1) Liver parenchyma with fine punctate hyperechoicity (liver echo intensity > spleen and kidney echoes); (2) Attenuation of liver far-field echoes; and (3) Poorly displayed intrahepatic ducts. The presence of item 1 of the above three, plus any of items 2 or 3, can be diagnostic of fatty liver[18].

Mild fatty liver[19]
Liver echogenicity: Slight enhancement, significant compared with the spleen, but the internal structure of the liver is still clear.

Vascular structure: The definition of the vessel walls is essentially normal,and vessel edges are still visible.

Contrast: Increased contrast between the liver and kidney, but the blood vessels of the liver and the structure of the hilar region are still clearly visible.

Moderate fatty liver[19]
Liver echogenicity: Markedly enhanced, more pronounced compared with the spleen, and the fine structures within the liver begin to blur.

Vascular structures: The definition of the vessel walls decreases and the edges of the vessels begin to blur.

Contrast: Further increase in liver-kidney contrast, the blood vessels of the liver and the structures of the hilar region become blurred.

Severe fatty liver[19]
Liver echogenicity: Extremely enhanced, the liver shows marked hyperechoicity, prominent comppared with the spleen.

Vascular structures: The definition of the vessel walls is severely reduced and the vessels are barely visible.

Contrast: Extremely high contrast between the liver and kidney, detailed structures within the liver are not visible, including structures in the hilar area.
Breast ultrasonography was performed using Philips IU22 (Philips, Netherlands) and GE LOGIQ7 and 9 (General Electric, United States) ultrasound diagnostic equipment in the Department of Ultrasound of the hospital.
Due to the anonymity of the data, informed written consent was not required. The study was approved by the Ethics Committee of the Affiliated Hospital of Hangzhou Normal University (Ethics No. 2025(E2)-KS-045) and followed the ethical guidelines of the Declaration of Helsinki (1964).

Data collection
Demographic characteristics such as age, height, weight, blood pressure, waist circumference (WC), hip circumference, exercise habit, smoking habit, severity of fatty liver, and duration of fatty liver were collected from all study subjects.
Blood samples for laboratory testing were collected through venipuncture in the early morning after an overnight fasting. Laboratory tests include: (1) Estradiol (E2); (2) Testosterone (T); (3) Alanine aminotransferase (ALT); (4) Aspartate aminotransferase (AST); (5) Gamma-glutamyltransferase (GGT); (6) Creatinine (Cr); (7) Uric acid (UA); (8) Total cholesterol (TC); (9) Triglycerides (TG); (10) High-density lipoprotein (HDL); (11) Low-density lipoprotein (LDL); (12) Fasting glucose (Glu); (13) Total bilirubin (TBil); and (14) Total protein (TP), etc.
The classification standard of body mass index (BMI) adopts the general standard of our country: (1) BMI < 18.5 kg/m2 is low body mass; (2) 18.5 kg/m2 ≤ BMI < 24 kg/m2 is normal body mass; (3) 24 kg/m2 ≤ BMI < 28 kg/m2 is super body mass; and (4) BMI ≥ 28 is obese. BMI = weight (kg)/height squared (m2).
Individuals taking antihypertensive medication or taking systolic pressure ≥ 140 mmHg and/ or diastolic pressure ≥ 90 mmHg were defined as hypertension[20].
DM was diagnosed based on random blood glucose levels ≥ 11.1 mmol/L, fasting plasma glucose values ≥ 7.0 mmol/L, and/or taking antidiabetic drugs[21].

Exercise group: ≥ 150 minutes of moderate-intensity exercise per week (World Health Organization exercise recommendations: At least 150 minutes of moderate-intensity aerobic exercise or 75 minutes of vigorous-intensity exercise per week for adults)[22]. Non-exercise group: notmeeting the above criteria, or not exercising on a regular basis.

Smoking: Individuals smoking more than one cigarette a day in the past year were considered smokers[23].

Fatty liver disease duration: Obtained based on the patient's self-report and/or past medical history and ultrasound records.

Statistical analysis
Patients were categorized into GYN and non-GYN groups based on breast ultrasound findings. Patients were categorized into mild, moderate, and severe MASLD subgroups based on the severity of fatty liver.

Descriptive statistics: Statistical software Statistical Package for the Social Sciences 27.0 was used. Normally distributed continuous variables were expressed as mean ± SD, and compared between groups through t-test and analysis of variance. Non normally distributed variables were expressed as [M (P25, P75)], and compared between groups through the rank-sum test. Rank data: For ordered categorical variables, differences in the distribution of component ratios were analyzed by χ² or Fisher's exact test according to the expected value of T frequency. Count data were expressed as frequencies and percentages, and comparisons between two groups were expressed using the χ² test or Fisher's test.

One-way logistic regression analysis: To assess the correlation between variables and GYN, a one-way logistic regression analysis was used to evaluate the relationship between GYN, patients' demographic characteristics (e.g., BMI, WC, age, etc.), and laboratory indices (e.g., sex hormone levels, liver function indices, lipid metabolism indices, etc.).

Multivariate logistic regression analysis: Multivariate logistic regression analysis was used to assess the correlation between fatty liver severity and sex hormone imbalance and GYN. Logistic regression models were constructed to assess the independent correlation between MASLD and GYN under different models.

Receiver operating characteristic curve: To assess the diagnostic ability of E2, estrogen to androgen ratio (ETR), and their combined metrics in predicting GYN in patients with MASLD, receiver operating characteristic (ROC) curve analysis was conducted in the study. The area under the curve (AUC), optimal threshold, sensitivity, and specificity were calculated for each variable.

Subgroup analyses: Subgroup analyses of mild to moderate to severe MASLD were performed to further explore the occurrence of GYN among patients with different severities of fatty liver disease. To facilitate comparison of the effect of duration of MASLD, the duration of MASLD was categorized into four groups according to 1-5 years, 5-10 years, 10-20 years, and ≥ 20 years.
For all analyses, P value < 0.05 was considered statistically significant and P value < 0.001 was considered highly significant. 

RESULTS
General characteristics of participants
Finally, 997 subjects met the criteria and were categorized into a GYN group (n = 359) and a non-GYN group (n = 638). The overall incidence of GYN in this study was 36% (n = 359). Table 1 presents the demographic and clinical characteristics of the study population. Table 1 represent demographic and body measurements, biochemical parameters, hormonal parameters and clinical and lifestyle factors. The incidence of GYN increased with the severity of steatosis (mild 27.6%, moderate 33.5%, severe 58%, P < 0.001); compared with non-GYN patients, GYN patients were older (54.11± 9.71 years vs 47.89± 9.92 years, P < 0.001), with higher E2 levels, higher E2 ratios were than those of patients without GYN (P < 0.001), and lower androgen levels were (P < 0.001). Furthermore, their BMI, WC, hip circumference, ALT, AST, Glu, systolic blood pressure (SBP), diastolic blood pressure (DBP), LDL, TC, and TG levels increased, while HDL levels decreased (P < 0.05). GYN patients showed higher prevalence of hypertension and diabetes.

Presentation of clinical and lifestyle factors
In this study, clinical and lifestyle data on hypertension, DM, exercise habits, smoking, and duration of MASLD were systematically collected, and their associations with GYN were verified by univariate and multivariate analyses (Table 2). For example: (1) Hypertension [odds ratio (OR) = 3.166, P < 0.001] and diabetes (OR = 3.902, P < 0.001) were significantly associated with the risk of GYN; (2) Physical inactivity (OR = 1/0.279, P < 0.001) and smoking (OR = 1.696, P < 0.001) were also independent risk factors; and (3) The risk of GYN was significantly higher in patients with MASLD disease duration ≥ 20 years (OR = 4.782, P < 0.001).
In addition, model II further adjusted for potential confounders such as liver function,lipids and hormone levels (Table 3), and the results showed that the association between MASLD severity and GYN was still significant (OR = 1.873, P = 0.037 in the severe group), further supporting the reliability of the findings.

Results of one-way logistic regression analysis
Univariate analysis of MASLD in patients with GYN is displayed in Table 2. Table 2 represent demographic and body measurements, biochemical parameters, hormonal parameters and clinical and lifestyle factors. The results showed that age, WC, ALT, AST, GGT, UA, Glu, TC, TG, LDL, SBP, DBP, BMI, waist-to-hip ratio (WHR), E2, ETR, smoking, physical inactivity, and duration and severity of MASLD were positively correlated with GYN (P < 0.05). Androgen and serum HDL levels were negatively associated with GYN (P < 0.05).
MASLD duration greater than or equal to 20 years and 10-20 years were associated with an increased risk of GYN compared with the duration of 1-5 years (OR = 4.782, 95%CI: 3.049-7.498; OR = 3.491, 95%CI: 2.378-5.124, P < 0.001). Moderate fatty liver and severe fatty liver had an increased risk of GYN compared with mild fatty liver (OR = 1.523, 95%CI: 1.176-1.793, P = 0.04; OR = 3.627, 95%CI: 2.500-5.263, P < 0.001).

Result of multivariate logistic regression analysis
[bookmark: _Hlk199246206]Based on one-way logistic regression analysis, unadjusted model I and model II were established for multivariate analysis, as detailed in Table 3. The mild group was set as the reference group, the correlation between MASLD and GYN was statistically significant in the moderate group compared with the mild group in the unadjusted model (OR = 1.523, 95%CI: 1.176-1.793, P = 0.04) and model I (OR = 1.600, 95%CI: 1.107-1.835, P = 0.046), while the correlation between MASLD and GYN was not statistically significant in model II (OR = 1.256, 95%CI: 0.874-1.732, P = 0.229). Compared with the mild group, the correlation between MASLD and GYN in the unadjusted model, model I, and model II were statistically significant in the severe group(P < 0.001, P < 0.001, P = 0.037).
Model I included: (1) Age; (2) Hypertension; (3) Diabetes; (4) Exercise; (5) Smoking; (6) BMI; and (7) WHR. Model II included: (1) Age; (2) Hypertension; (3) Diabetes; (4) Exercise; (5) Smoking; (6) BMI; (7) WHR; (8) ALT; (9) AST; (10) GGT; (11) Cr; (12) UA; (13) LDL; (14) HDL; (15) Tbil; (16) TP; (17) E2; (18) T; and (19) ETR.

Subgroup analysis
The effect of MASLD on GYN was further explored by grouping MASLD according to its severity. The study was categorized into three groups according to the severity of MASLD: (1) Mild; (2) Moderate; and (3) Severe, with 352 (35.3%), 457(45.8%) and 188 (18.9%) patients in each group, respectively. The general characteristics and laboratory indicators between the different groups were statistically analyzed, as shown in Table 4. Table 4 represent demographic and body measurements, biochemical parameters, hormonal parameters and clinical and lifestyle factors. Among them, age, WC, ALT, AST, GGT, fasting blood glucose, TG, LDL, TBil, SBP, DBP, BMI, WHR, E2, and ETR increased with the severity of fatty liver (P < 0.05); HDL, T, and TP decreased with the severity of fatty liver (P < 0.05).
Regarding GYN, the incidence of GYN in the severe group (58%) was significantly higher than that in the moderate group (33.5%) and the mild group (27.6%) (P < 0.001), indicating that the incidence of GYN increases with the severity of fatty liver.
Therefore, subgroup analyses of MASLD severity indicates that as fatty liver becomes serious, abnormalities in liver function, lipid metabolism, and sex hormones become more pronounced, which in turn promote the development of GYN in patients with MASLD.
The forest plot of the impact values of each MASLD subgroup on GYN are shown in Figure 2A. Figure 2B is a forest plot of the overall impact of MASLD on GYN values, which more visually and concretely reveals the magnitude of the impact values of variables in each subgroup. Forest mapping was carried out using R software (version 4.3.1). The forestplot package was employed for forest plot construction.

ROC curve analysis
To assess the diagnostic efficacy of E2, ETR, and their combined metrics in predicting GYN, the study performed ROC curve analysis, and the results are shown in Table 5 and Figure 3. In univariate analysis, E2 showed higher diagnostic efficacy, with an AUC of 0.837, an optimal cutoff value of 92.9 pmol/L, a sensitivity of 89.1%, and a specificity of 66.1%. Inmultivariate joint analysis, the combined predictor of E2 and ETR showed an improved AUC of 0.843 (95%CI: 0.819-0.866) in predicting the development of GYN, with a Jordon index of 0.545, an optimal cut-off value of 0.29, and a sensitivity and specificity of 84.4% and 70.1%, respectively. 
The diagnostic efficacy of the combined index was superior to that of the single index, exhibiting a higher AUC.
It can be seen that E2 has a higher predictive efficacy among the single indicators, but the AUC of the combined indicators is superior to that of every single indicator, suggesting the stronger diagnostic value of combined analysis of multiple indicators in predicting GYN and a better balance between sensitivity and specificity of combined indicators.

DISCUSSION
In this study, the incidence of GYN was 36% in patients with MASLD, and gradually increased with the severity of MASLD and the duration of the disease. It was found that the severity of MASLD and its duration remained risk factors for GYN after adjusting relevant confounders in multivariate logistic regression analysis.
In our study, we found that the severity of MASLD was significantly associated with the incidence of GYN, which increased with the severity and duration of fatty liver. This study included 352 patients with mild MASLD (35.3%), and the prevalence of GYN in the mild group was 27.6%, which was significantly lower than that in the moderate and severe groups (33.5% and 58%), and their sex hormone imbalances (e.g., the E2/T ratio) showed a gradient correlation with the severity of MASLD (Table 4). Despite the lower degree of metabolic abnormalities in patients with mild MASLD, through multiple logistic regression analysis (Table 3), we found that even after adjusting for confounders such as age, BMI, hypertension, and DM, the association between MASLD severity and GYN was still statistically significant (OR = 1.523 in the moderate group and OR = 3.627 in the severe group). This suggests that even though the metabolic disturbances of mild MASLD are mild, its association with GYN can still be effectively captured by a large sample size (n = 997) and rigorous statistical methods. Future studies could further refine the mechanism of the effect of mild MASLD by extending the follow-up time or incorporating more sensitive metabolic markers.
Studies have shown that patients with MASLD are more likely to experience sex hormone imbalances and estrogen/androgen ratio imbalances underlying breast tissue hyperplasia[24,25]. It has been noted that insulin resistance and chronic inflammation in patients with fatty liver disease inhibit T synthesis and increase levels of sex hormone-binding globulin, thereby reducing the effective concentration of free androgens[26]. Sex hormone imbalance is the key pathomechanism of GYN, which is believed to be primarily caused by enhanced stimulatory effect of estrogen on breast tissue and the diminished inhibitory effect of androgens on breast tissue[27,28]. The results of the present study are consistent with this finding, as we observed a particularly significant increase in the E2/T ratio in patients with GYN. In addition, our study also found that the severity of MASLD is closely related to the imbalance of sex hormones, especially as the severity of fatty liver increases, the E2 level gradually increases, the T level decreases, and the E2/T ratio significantly increases, making GYN more frequent in patients with severe fatty liver disease than in patients with mild to moderate fatty liver[29]. In this study, regardless of the severity of fatty liver, GYN patients showed significantly higher E2 levels, and ETR than non-GYN patients, while androgen levels were significantly lower[30]. There is no relevant literature that directly addresses the correlation of GYN in patients with MASLD.
However, GYN also occurs in patients with mild MASLD, whose changes in sex hormone levels are not as dramatic as those with moderate or severe MASLD. The E2 levels and ETR in moderate or severe MASLD patients are normal or only mildly elevated, while androgen levels are slightly decreased or decreased compared with non-MASLD patients. Possible explanation is as follows: (1) First, even in patients with mild fatty liver disease, metabolic disturbances (e.g., insulin resistance, abnormal lipid metabolism) may have already begun to act on the gonadal axis, but have not yet progressed to a stage of severe sex hormone imbalance[31]; (2) Second, individual differences exist, age, body fat distribution, and genetic background of patients may determine the extent to which fatty liver affects sex hormone metabolism[32]; and (3) Third, the local sensitivity of breast tissue may be more sensitive to E2 levels in certain patients, leading to breast development[33,34].
We also found that the longer the duration of MASLD, the more significant the metabolic disorders caused, and the more severe the degree of sex hormone disruption. A gradual increase in E2 levels and the ETR, and a gradual decrease in androgen levels, suggest that prolonged fatty liver disease may have a cumulative effect on the imbalance of sex hormones, which is consistent with the long-term effects of fatty liver disease on systemic metabolism. Related studies have shown that chronic inflammation and insulin resistance induced by fatty liver over time can have long-term inhibitory effects on the hypothalamic-pituitary-gonadal axis[35,36]. The increased incidence of GYN in patients with a longer duration of MASLD may be related to the cumulative effect of sex hormone disorders, especially in patients with a longer duration, the E2/T ratio is significantly higher than that in patients with a shorter duration[37].
In the present study, we found that the severity of fatty liver was positively correlated with E2 levels and E2-to-androgen ratio. The more severe the fatty liver, the higher the E2 levels and the E2-to-androgen ratio, both are crucial in GYN, which is consistent with existing studies. Studies have shown that increased aromatase activity in adipose tissue is the main cause of elevated E2 levels in patients with fatty liver disease. Patients with moderate-to-severe fatty liver disease typically have systemic fat accumulation, and abnormal liver function can reduce estrogen inactivation, thereby exacerbating the increase in E2 levels[38,39]. In contrast to the studies, estrogen is considered a protective factor against fatty liver and may resist its formation [40]. Contrary to the results of the present study, it may be due to the fact that their subjects were non-fatty liver patients, which further confirms the dual effect of estrogen on fatty liver [41].
In this study, we found that MASLD patients had significantly higher E2 levels than those without GYN. E2, as the main estrogen, acts directly on estrogen receptors in breast tissue to activate the proliferation of mammary epithelial cells and induce mastocytosis[42]. E2 stimulates the proliferation of mammary epithelial cells by down-regulating the inhibitory effects of androgens in breast stromal cells while stimulating the proliferation of mammary epithelial cells[43]. In addition, E2 may further promote breast development by altering the microenvironment of local breast tissue (e.g., stimulating angiogenesis and local inflammation)[44]. In short, the mechanism of action of estrogen includes enhancing receptor binding, increasing signaling, and decreasing androgen-mediated inhibition, thereby further shifting the balance toward estrogen dominance. 
Androgen levels in MASLD patients with GYN are significantly lower than those in non-GYN patients. Androgens have an inhibitory effect on breast tissue through mechanisms such as inhibiting the proliferation of breast epithelial cells through the androgen receptor and limiting the pro-proliferative effects of estrogen[45,46].
MASLD patients with GYN have significantly higher ETR than non-GYN patients. Previous studies have shown that both elevated estrogen levels and decreased androgen levels lead to an elevated ETR, disrupting the dynamic balance of sex hormones in breast tissue[47]. Elevated ETR may lead to a state of persistent stimulation of breast tissue, allowing for accelerated proliferation of ductal and epithelial cells while inhibiting the supportive and reparative effects of stromal cells on breast tissue; in addition, this sex hormone imbalance is associated with alterations in the microenvironment of the breast tissue, which further promotes cell proliferation[48,49].
In the present study, some non-GYN patients also showed higher E2 levels while not developing breast dysplasia. According to related studies, this may be related to the different sensitivity of breast tissue to E2 in individuals, as well as the enhancement of androgen receptor activity or local anti-estrogenic effects[50]. It has been suggested that the expression level of estrogen receptor in breast tissue may determine whether E2 is associated with mastocytosis[51]. Studies have shown that estrogen receptor-α signaling plays a key role in estrogen-dependent gene expression and its impact on breast tissue development[52].
Some GYN patients do not have a significant decrease in T levels, only elevated E2 levels. According to related studies, this may be due to accelerated local androgen conversion. Even if the overall androgen level is normal, androgens in the breast tissue may be rapidly converted to E2 through the aromatase pathway, resulting in a local hyperestrogenic state[53,54]. Secondly, some patients may suffer androgen receptor dysfunction due to androgen dysfunction, and their inhibitory effect on breast tissue may be diminished regardless of normal androgen levels[55].
Pro-inflammatory factors such as interleukin-6, tumor necrosis factor-alpha, and adipokines such as leptin released from adipose tissue can act on male breast tissue, increasing aromatase activity and activating estrogen receptors in breast tissue, thereby promoting male breast hyperplasia, which is more common in patients with MASLD[56-58].
In addition, recent studies suggest that there may be a bidirectional relationship between GYN and metabolic syndrome. On the one hand, insulin resistance may inhibit the gonadal axis, leading to decreased T levels and relatively elevated estrogen[59] to promote abnormal development of breast tissue. On the other hand, GYN may reflect underlying endocrine disorders, suggesting that patients are more likely to have metabolic disturbances such as dyslipidemia and insulin resistance[60,61], which further emphasizes the importance of assessing metabolic risk in patients with GYN.
In this study, we evaluated the predictive value of sex hormone indicators (E2, T and their ratio ETR) for the occurrence of GYN in MASLD patients using ROC curves. E2 showed the highest predictive efficacy for a single indicator (AUC = 0.837). The model of combining E2 and T further improved the diagnostic value (AUC = 0.843). Therefore, the combined model (E2 + T) can help clinicians identify the high-risk group of GYN in MASLD patients more accurately. Serum E2 showed a critical value of 92.9 pmol/L, and ETR showed a critical value of 6.89. Several previous studies have been conducted to discuss the correlation between E2 and ETR and GYN. However, there is no study investigating the correlation between the value of E2 content and ETR and GYN, let alone analyzing the correlation of ROC curves.
Therefore, in patients with MASLD, if E2 approaches or exceeds this threshold (92.9 pmol/L) and/or ETR is close to or above 6.89, even without obvious breast enlargement, early GYN should be alerted and metabolic indexes (e.g., blood glucose, blood lipids) should be monitored to guide early interventions and reduce further progression of metabolic and hormonal abnormalities.

Innovativeness of the research
This study focused on a gender-specific male population of adult MASLD patients and analyzed their association with GYN, filling a research gap in the field. The relationship between the severity and duration of MASLD and GYN was explored for the first time. Currently, studies on GYN focus on endocrine diseases, pubertal development, or drug-induced GYN, while there is little research on MASLD-related GYN. The present study is the first to take MASLD, a metabolic liver disease, as an entry point, and combine it with the analysis of BMI and sex hormone imbalance to reveal the potential links between MASLD, sex hormones metabolic disorders, and GYN.
This study first attempted to take GYN as a potential marker of MASLD-related metabolic disorders and analyze the association between GYN and metabolic disorders (e.g. hyperglycemia, hypertension, and abnormalities of lipid metabolism), shedding new light on the early screening and intervention of clinical metabolic disorders.
Based on the results of this study, the treatment of adult GYN should focus on the comprehensive management of metabolic disorders, such as adjusting sex hormone balance by improving MASLD and obesity to reduce the occurrence and progression of GYN.

Limitations of the research
The study population consists of adult male MASLD patients from a physical examination center of a tertiary care hospital, and there may have been some selection bias. The relatively good health status of the physical examination population may underestimate the prevalence of GYN among patients with more severe metabolic disorders. Results of this study may not be directly generalizable to other groups since the study population only includes adult males(e.g., minors).
 
Sample size limitations
The sample size of this study is relatively limited, and the findings of this study can be further validated in future large-scale studies to improve the validity of the findings. Comparative studies with different racial, geographic, and cultural backgrounds can also help to reveal racial and geographic differences in the relationship between MASLD and GYN.
The small sample sizes of some subgroups may have affected statistical validity, but the significance results for key variables were validated by multiple models. These limitations do not diminish the core findings of this study that MASLD severity and disease duration are significantly associated with GYN risk and that sex hormone imbalance (E2/T ratio) is an important mediating mechanism. Further validation could be done in the future through prospective cohort studies or expanded sample sizes.
 
Limitations of cross-sectional studies
The study was a cross-sectional study design that only revealed correlations between MASLD, GYN, and related metabolic markers, but could not infer causality. For example, whether GYN is a consequence of MASLD development or a marker of metabolic disorders in patients with MASLD needs to be further verified in prospective cohort studies.
 
Acquisition of MASLD duration
In this study, the duration of fatty liver disease was obtained based on patients' self-report and previous medical history records, which may have some recall bias and make it difficult to accurately assess the impact of fatty liver disease duration on GYN.
 
Limitations of liver ultrasonography
The diagnosis of MASLD cannot be derived from liver biopsy results due to cost and risk. The advantages of ultrasonography are its non-invasive and accessible nature, as well asits low cost compared with other screening modalities, making it still the most feasible mass screening tool. However, ultrasonography has some important limitations, such as the inability of ultrasonography to differentiate simple steatosis from non-alcoholic steatohepatitis, as well as its dependence on operator's skill and subjective interpretation.

CONCLUSION
In the included adult male MASLD patients, as the fatty liver progressed from mild to moderate or severe, the incidence of GYN increased progressively, with prolonged disease duration, and progressively increased estrogen-to-hormone ratio, suggesting that the severity and duration of MASLD may increase the risk of breast tissue hyperplasia by promoting metabolic disturbances and sex hormone imbalance. The presence of GYN may be a clinical marker of metabolic disturbances and sex hormone imbalance caused by MASLD patients. Therefore, early detection of GYN may be crucial for early intervention in metabolic syndrome and endocrine abnormalities in MASLD patients.
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Figure 1 Detailed process of personnel screening.
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Figure 2 Forest plot. A: Forest plot of effect values of metabolic dysfunction-associated fatty liver disease (MASLD) on gynecomastia (GYN) by subgroups; B: Forest plot of MASLD on the overall impact value of GYN. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; DBP: Diastolic blood pressure; DM: Diabetes mellitus; ETR: Estrogen to androgen ratio; E2: Estradiol; FBG: Fasting blood glucose; GGT: Gamma-glutamyltransferase; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; OR: Odds ratio; SBP: Systolic blood pressure; T: Testosterone; TC: Total cholesterol; TG: Triglycerides; UA: Uric acid; WC: Waist circumference.
[bookmark: _Ref196986510][image: ROC Curve]
[bookmark: _Hlk199251476][bookmark: _Hlk199250314]Figure 3 Receiver operating characteristic curves for the occurrence of gynecomastia in patients with sex hormone-diagnosed metabolic dysfunction-associated fatty liver disease. ETR: Estrogen to androgen ratio; E2: Estradiol; ROC: Receiver operating characteristic.

Table 1 Demographic and clinical characteristics of the study population, n (%)
	
	Non-GYN (n = 638)
	GYN (n = 359) 
	P value

	Demographic and body measurements
	
	
	

	Age (years) (mean ± SD)
	47.89 ± 9.92
	54.± 9.71
	< 0.001

	Height (m) (mean ± SD)
	1.73 ± 0.06
	1.72 ± 0.06
	0.121

	Weight (kg) [M (P25, P75)]
	76.50 (71.00, 84.53) 
	79.50 (72.60, 84.80) 
	< 0.001

	Body mass index (kg/m2) [M (P25, P75)]
	25.74 (24.16, 27.29) 
	26.82 (24.96, 29.00) 
	< 0.001

	Waist circumference (cm) [M (P25, P75)]
	89.70 (85.08, 93.40) 
	90.20 (85.60, 97.70) 
	0.020

	Hip circumference (cm) [M (P25, P75)]
	102.35 (97.00, 106.63) 
	103.30 (99.90, 106.70) 
	0.018

	Waist-to-hip ratio
	0.87 (0.86, 0.90) 
	0.87 (0.85, 0.92) 
	0.422

	Systolic blood pressure (mmHg) [M (P25, P75)]
	127.00 (120.00, 134.00) 
	133 (127.00, 143.00) 
	< 0.001

	Diastolic blood pressure (mmHg) [M (P25, P75)]
	76.00 (70.75, 83.00) 
	81.00 (75.00, 87.00) 
	< 0.001

	Biochemical Parameters
	
	
	

	Alanine aminotransferase (U/L) [M (P25, P75)]
	27.00 (21.00, 34.00) 
	50.00 (36.00, 65.00) 
	< 0.001

	Aspartate aminotransferase (U/L) [M (P25, P75)]
	28.00 (21.00, 32.00) 
	46.00 (35.00, 60.00) 
	< 0.001

	Gamma-glutamyltransferase (U/L) [M (P25, P75)]
	30.00 (22.00, 42.00) 
	56.00 (39.00, 76.00) 
	< 0.001

	Creatinine (μmol/L) [M (P25, P75)]
	78.80 (71.30, 85.70) 
	78.10 (70.50, 87.65) 
	0.902

	Uric acid (μmol/L) [M (P25, P75)]
	384.00 (345.00, 414.00) 
	439.00 (388.00, 486.00) 
	< 0.001

	Fasting blood glucose (mmol/L) [M (P25, P75)]
	5.31 (4.95, 5.70) 
	5.82 (5.03, 6.60) 
	< 0.001

	Total cholesterol (mmol/L) [M (P25, P75)]
	4.98 (4.31, 5.60) 
	6.06 (5.09, 6.96) 
	< 0.001

	Triglycerides (mmol/L) [M (P25, P75)]
	1.66 (1.26, 2.39) 
	2.99 (1.82, 4.37) 
	< 0.001

	Low‐density lipoprotein (mmol/L) [M (P25, P75)]
	2.82 (2.41, 3.22) 
	3.18 (2.87, 3.66) 
	< 0.001

	High‐density lipoprotein (mmol/L) [M (P25, P75)]
	1.26 (1.10, 1.39) 
	1.12 (1.00, 1.26) 
	< 0.001

	Total bilirubin (μmol/L) [M (P25, P75)]
	17.60 (14.60, 20.30) 
	18.7 (16.00, 21.70) 
	< 0.001

	Total protein (g/L) [M (P25, P75)]
	72.20 (69.80, 74.30) 
	71.60 (69.70, 73.90) 
	0.036

	Hormonal parameters
	
	
	

	[bookmark: _Hlk199250963]Estradiol (pmol/L) [M (P25, P75)]
	84.67 (69.71, 100.03)
	112.12(99.98, 130.00)
	< 0.001

	Testosterone (nmol/L) [M (P25, P75)]
	15.08 (11.36, 19.71)
	10.49(6.80, 14.04)
	< 0.001

	Estrogen to androgen ratio
	5.48 (3.74, 8.39)
	10.90 (7.45, 19.03) 
	< 0.001

	Clinical and lifestyle factors
	
	
	

	Level
	
	
	< 0.001

	Mild
	255 (72.4) 
	97 (27.6) 
	

	Moderate
	304 (66.5) 
	153 (33.5) 
	

	Severe
	79 (42) 
	109 (58) 
	

	Hypertension
	
	
	< 0.001

	No
	540 (70) 
	228 (30) 
	

	Yes
	98 (42.8) 
	131 (57.2) 
	

	Diabetes mellitus
	
	
	< 0.001

	No
	535 (72.3) 
	205 (27.7) 
	

	Yes
	103 (40) 
	154 (60) 
	

	Sporting
	
	
	< 0.001

	No
	288 (51.8) 
	268 (48.2) 
	

	Yes
	350 (79.4) 
	91 (20.6) 
	

	Smoking
	
	
	< 0.001

	No
	343 (70.1) 
	146 (29.9) 
	

	Yes
	295 (58.1) 
	213 (41.9) 
	

	Time
	
	
	< 0.001

	1-5 years
	185 (78.7) 
	50 (21.3) 
	

	5-10 years
	229 (75.3) 
	75 (24.7) 
	

	10-20 years
	159 (51.5) 
	150 (48.5) 
	

	≥ 20 years
	65 (43.6) 
	84 (56.4) 
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Table 2 Factors influencing gynecomastia in patients with metabolic dysfunction-associated fatty liver disease
	
	P value
	Odds ratio
	95%CI

	Clinical and lifestyle factors
	
	
	

	Level
	
	
	

	Mild
	
	
	

	Moderate
	0.040
	1.523
	1.176-1.793

	Severe
	< 0.001
	3.627
	2.500-5.263

	Hypertension
	
	
	

	No
	
	
	

	Yes
	< 0.001
	3.166
	2.336-4.291

	Diabetes mellitus
	
	
	

	No
	
	
	

	Yes
	< 0.001
	3.902
	2.900-5.291

	Sporting
	
	
	

	No
	
	
	

	Yes
	< 0.001
	0.279
	0.210-0.371

	Smoking
	
	
	

	No
	
	
	

	Yes
	< 0.001
	1.696
	1.305-2.204

	Time
	
	
	

	1-5 years
	
	
	

	5-10 years
	0.355
	1.212
	0.807-1.820

	10-20 years
	< 0.001
	3.491
	2.378-5.124

	≥ 20 years
	< 0.001
	4.782
	3.049-7.498

	Demographic and body measurements
	
	
	

	Age
	< 0.001
	1.056
	1.042-1.070

	Weight
	< 0.001
	1.025
	1.012-1.037

	Body mass index
	< 0.001
	1.158
	1.106-1.213

	Waist circumference
	0.003
	1.020
	1.007-1.033

	Hip circumference
	0.513
	0.999
	0.995-1.003

	Waist-to-hip ratio
	0.009
	18.955
	2.119-169.572

	Systolic blood pressure
	< 0.001
	1.048
	1.036-1.059

	diastolic blood pressure
	< 0.001
	1.049
	1.034-1.063

	Biochemical parameters
	
	
	

	Alanine aminotransferase
	< 0.001
	1.084
	1.072-1.096

	Aspartate aminotransferase
	< 0.001
	1.119
	1.102-1.136

	Gamma-glutamyltransferase
	< 0.001
	1.054
	1.045-1.062

	Creatinine
	0.753
	1.002
	0.991-1.012

	Uric acid
	< 0.001
	1.010
	1.008-1.012

	Fasting blood glucose
	< 0.001
	1.268
	1.151-1.398

	Total cholesterol
	< 0.001
	1.987
	1.755-2.250

	Triglycerides
	< 0.001
	1.709
	1.545-1.891

	Low‐density lipoprotein
	< 0.001
	2.356
	1.911-2.904

	High‐density lipoprotein
	< 0.001
	0.062
	0.031-0.126

	Total bilirubin
	0.053
	1.023
	1.000-1.046

	Total protein
	0.446
	0.987
	0.954-1.021

	Hormonal parameters
	
	
	

	Estradiol
	< 0.001
	1.063
	1.054-1.072

	Testosterone
	< 0.001
	0.851
	0.828-0.875

	Estrogen to androgen ratio
	< 0.001
	1.173
	1.142-1.205



Table 3 The correlation between metabolic dysfunction-associated fatty liver disease and gynecomastia after adjustments
	Metabolic dysfunction-associated fatty liver disease
	Nonadjusted
	Model I
	Model II

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Mild
	Reference
	
	Reference
	
	Reference
	

	Moderate
	1.523 (1.176-1.793) 
	0.040
	1.600 (1.107-1.835) 
	0.046
	1.256(0.874-1.732)
	0.229

	Severe
	3.627(2.500-5.263)
	< 0.001
	3.157 (2.056-4.847) 
	< 0.001
	1.873(1.038-3.381)
	0.037


Model I adjusting for age, hypertension, diabetes mellitus (DM), sporting, smoking, body mass index (BMI) , waist-to-hip ratio (WHR). Model II adjusting for age, hypertension, DM, sporting, smoking, BMI, WHR, alanine aminotransferase, aspartate aminotransferase, gamma‐glutamyl transferase, creatinine, uric acid, high‐density lipoprotein, low‐density lipoprotein, total bilirubin, total protein, estradiol, testosterone, estrogen/androgen ratio. OR: Odds ratio.

Table 4 General characteristics of study participants grouped by level of metabolic dysfunction-associated fatty liver disease, n (%)
	
	Metabolic dysfunction-associated fatty liver disease
	P value

	
	Mild (n = 352) 
	Moderate (n = 457)
	Severe (n = 188)
	

	Demographic and body measurements
	
	
	
	

	Age (years) (mean ± SD)
	47.59 ± 11.007
	51.25 ± 11.200
	52.49 ± 10.635
	< 0.001

	Height (m) (mean ± SD)
	1.73 ± 0.06
	1.72 ± 0.06
	1.72 ± 0.06
	0.084

	Weight (kg) [M (P25, P75)]
	77.5 (71.8, 83.9) 
	77.0 (71.1, 84.7) 
	77.7 (71.4, 84.7)
	0.750

	Waist circumference (cm) [M (P25, P75)]
	89.8 (85.1, 93.2)
	89.6 (85.4, 94.0)
	91.8 (85.6, 102.2)
	0.013

	Hip circumference (cm) [M (P25, P75)]
	103.3 (98.9, 106.7)
	102.6 (98.0, 106.6)
	101.7 (97.0, 107.0)
	0.369

	Body mass index (kg/m2) [M (P25, P75)]
	25.89 (24.47, 27.62) 
	26.13 (24.3, 27.99) 
	26.50 (24.5, 28.78) 
	0.041

	Waist-to-hip ratio
	0.87 (0.85, 0.89) 
	0.87 (0.86, 0.89) 
	0.90 (0.86, 0.93) 
	< 0.001

	Systolic blood pressure (mmHg) [M (P25, P75)]
	129 (121, 136) 
	128 (121, 136) 
	132 (127, 142) 
	< 0.001

	Diastolic blood pressure (mmHg) [M (P25, P75)]
	78 (71, 84) 
	77 (71, 84) 
	80 (75, 86) 
	< 0.001

	Biochemical parameters
	
	
	
	

	Alanine aminotransferase (U/L) [M (P25, P75)]
	28 (22, 40) 
	33 (23, 48) 
	42 (29, 61) 
	< 0.001

	Aspartate aminotransferase (U/L) [M (P25, P75)]
	29 (22, 36)
	30 (23, 42)
	38 (29, 49)
	< 0.001

	Gamma-glutamyltransferase (U/L) [M (P25, P75)]
	34 (24, 50)
	36 (25, 55)
	44 (30, 63)
	< 0.001

	Creatinine (μmol/L) [M (P25, P75)]
	78.6 (72.0, 85.9)
	78.8 (70.6, 87.9)
	77.9 (71.3, 85.4)
	0.983

	Uric acid (μmol/L) [M (P25, P75)]
	389 (343, 432)
	400 (357, 449)
	410 (372, 460)
	< 0.001

	Fasting blood glucose (mmol/L) [M (P25, P75)]
	5.32 (4.95, 5.98)
	5.39 (4.98, 5.99)
	5.58 (5.02, 6.33)
	0.029

	Total cholesterol (mmol/L) [M (P25, P75)]
	5.16 (4.38, 6.02)
	5.40 (4.47, 6.06)
	5.27 (4.57, 6.32)
	0.290

	Triglycerides (mmol/L) [M (P25, P75)]
	1.73 (1.31, 3.01)
	2.08 (1.41, 3.18)
	2.22 (1.52, 3.61)
	0.002

	Low‐density lipoprotein (mmol/L) [M (P25, P75)]
	2.88 (2.45, 3.32)
	2.99 (2.52, 3.31)
	3.14 (2.75, 3.70)
	< 0.001

	High‐density lipoprotein (mmol/L) [M (P25, P75)]
	1.22 (1.06, 1.36) 
	1.22 (1.08, 1.33) 
	1.15 (1.04, 1.31) 
	0.018

	Total bilirubin (μmol/L) [M (P25, P75)]
	17.4 (14.5, 20.3) 
	17.9 (15.0, 21.3) 
	18.9 (16.7, 21.5) 
	0.002

	Total protein (g/L) [M (P25, P75)]
	72.4 (70.2, 74.7) 
	71.9 (69.5, 73.9) 
	71.5 (69.5, 74.0) 
	0.002

	Hormonal parameters
	
	
	
	

	Estradiol (pmol/L) [M (P25, P75)]
	79.52 ± 20.10
	96.02 ± 19.40
	128.38 ± 20.37
	< 0.001

	Testosterone (nmol/L) [M (P25, P75)]
	16.46 (12.99, 20.47) 
	12.81 (9.10, 16.90) 
	8.66 (5.64, 12.45) 
	< 0.001

	Estrogen to androgen ratio
	4.74 (3.31, 6.93)
	7.40 (5.27, 11.26)
	14.20 (9.87, 24.19)
	< 0.001

	Clinical and lifestyle factors
	
	
	
	

	[bookmark: _Hlk199255279]Gynecomastia
	
	
	
	< 0.001

	No
	255 (72.4)
	304 (66.5)
	79 (42)
	

	Yes
	97 (27.6)
	153 (33.5)
	109 (58)
	

	Hypertension
	
	
	
	0.099

	No
	279 (79.3)
	355 (77.7)
	134 (71.3)
	

	Yes
	73 (20.7)
	102 (22.3)
	54 (28.7)
	

	Diabetes mellitus
	
	
	
	0.016

	No
	268 (76.1)
	348 (76.1)
	124 (66)
	

	Yes
	84 (23.9)
	109 (23.9)
	64 (34)
	

	Sporting
	
	
	
	0.017

	No
	185 (52.6)
	249 (54.5)
	122 (64.9)
	

	Yes
	167 (47.4)
	208 (45.5)
	66 (35.1)
	

	Smoking
	
	
	
	0.949

	No
	175 (49.7)
	223 (51)
	91 (48.4)
	

	Yes
	177 (50.3)
	234 (49)
	97 (51.6)
	

	Time
	
	
	
	0.004

	1-5 years
	85 (24.1)
	113(24.7)
	37 (19.7)
	

	5-10 years
	115 (32.7)
	140 (30.6)
	49 (26.1)
	

	10-20 years
	102 (29)
	151 (33)
	56 (29.8)
	

	≥ 20 years
	50 (14.2)
	53 (11.6)
	46 (24.4)
	



Table 5 Performance indicators for sex hormone screening for the development of gynecomastia in patients with metabolic dysfunction-associated fatty liver disease
	
	Area under the curve
	Youden’s index
	Cut-off value
	P value
	95%Cl
	Sensitivity
	Specificity

	E2
	0.837
	0.552
	92.9
	< 0.001
	0.813-0.861
	89.1%
	66.1%

	ETR
	0.804
	0.471
	6.89
	< 0.001
	0.777-0.831
	81.1%
	66%

	E2_ETR
	0.843
	0.545
	0.29
	< 0.001
	0.819-0.866
	84.4%
	70.1%


ETR: Estrogen to androgen ratio; E2: Estradiol.
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