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Capsule

In this review of the literature, the current knowledge on ovarian, breast

Introduction

Gender dysphoria, a dissociation between sex assigned at birth and an inner conviction of belonging to another particular gender, is encountered in approximately 0.6% of individuals worldwide [START_REF] Mueller | Transgender Research in the 21st Century: A Selective Critical Review From a Neurocognitive Perspective[END_REF]. Gender affirming measures, such as gender affirming hormone therapy (GAHT) and gender affirming surgery (GAS), are available for those undertaking a transition process. In the present article on transgender men, we will discuss the effects of androgen therapy as part of GAHT on ovaries, breast tissue and metabolism.

Methods

This was a narrative review of published data on the metabolic, ovarian and breast changes induced by androgen treatment in transgender men. The literature search was conducted on May 21, 2021 via PubMed, covering all publications in English language. We used "transgender men" and "gender affirming hormone therapy" as keywords to include all the research articles addressing possible differences in results. The research database scanned the headers, the abstract, and the main text for the keywords. Moreover, a manual completion of the references, cited in the selected articles, was thoroughly conducted.

The literature search was performed independently by all four authors and then cross-checked. All authors read the full text of all relevant articles and produced a list of eligible articles, that was further reduced for the studies included in the present review. Specific exclusion criteria were studies not written in English. Book chapters, case series, review articles, and abstracts were excluded. References were handled using the Endnote program (version X9 for MacOS, New York, NY)

Ovarian effects of GAHT

On average, ovaries produce 0.7mg of testosterone per 24 hours in women during the reproductive years. This is more than the production of E2 -0.05-0.5 mg/24h, depending on the phases of the menstrual cycle -but 10 times less than the production of testosterone seen in adult cisgender men. Ovarian androgens stimulate the growth and development of follicles [START_REF] Gervásio | The role of androgen hormones in early follicular development[END_REF][START_REF] Dewailly | Interactions between androgens, FSH, anti-Müllerian hormone and estradiol during folliculogenesis in the human normal and polycystic ovary[END_REF]. Several animal studies suggested that androgens influence follicle-genesis by causing pro-atretic effects on growing follicles and anti-apoptotic action on granulosa cells. [START_REF] Murray | Effect of androgens on the development of mouse follicles growing in vitro[END_REF][START_REF] Vendola | Androgens stimulate early stages of follicular growth in the primate ovary[END_REF][START_REF] Weil | Androgen receptor gene expression in the primate ovary: cellular localization, regulation, and functional correlations[END_REF].

The relationship between the common functional ovarian disorder polycystic ovary syndrome (PCOS) and androgens is complex. First, androgen excess has long been recognized as an emblematic feature of PCOS and the associated disorder of polycystic ovary morphology (PCOM) [START_REF] Azziz | Androgen excess is the key element in polycystic ovary syndrome[END_REF][START_REF] Dewailly | Definition and significance of polycystic ovarian morphology: a task force report from the Androgen Excess and Polycystic Ovary Syndrome Society[END_REF]. Second, ovarian wedge resection, a procedure known to restore menstrual cyclicity by removing a fragment of ovarian tissue in women with PCOS, is associated with a sharp decline in circulating testosterone levels [START_REF] Judd | The effects of ovarian wedge resection on circulating gonadotropin and ovarian steroid levels in patients with polycystic ovary syndrome[END_REF]. Conversely, three-month treatment with a long-acting agonist of GnRH, which completely blocks the ovarian production of testosterone, does not restore ovarian cyclicity [START_REF] De Ziegler | Recovery of hormone secretion after chronic gonadotropin-releasing hormone agonist administration in women with polycystic ovarian disease[END_REF]. Hence, ovarian factors other than testosterone are involved in the pathophysiology of PCOS.

The impact of high doses of testosterone treatment administered as part of GAHT in trans men has been studied by different investigators. In a seminal study, Pache et al. report in 1991 an extensive analysis of ovarian morphology observed in 17 transgender men taking GAHT for 21 months on average before undergoing GAS [START_REF] Pache | Ovarian morphology in long-term androgen-treated female to male transsexuals. A human model for the study of polycystic ovarian syndrome?[END_REF]. All but four transgender men -13 in total -had regular cycles prior to undertaking hormone therapy. Thirteen cisgender women undergoing surgery for nonendocrine reasons served as controls. In both groups, ovaries were measured, bisected and their appearance analyzed. Microscopically, ovaries were assessed for collagenization and thickness of the cortex, presence of primordial follicles, number and size of antral follicles and stromal morphologyhyperplasia and luteinization. [START_REF] Pache | Ovarian morphology in long-term androgen-treated female to male transsexuals. A human model for the study of polycystic ovarian syndrome?[END_REF]. Macroscopically, one third of the ovaries of transgender men appeared grossly enlarged. Mean ovarian volume was 7.6±3.6 mL, which was significantly larger than measurements made in controls, 2.7±1.4 mL (p<0.0001) [START_REF] Pache | Ovarian morphology in long-term androgen-treated female to male transsexuals. A human model for the study of polycystic ovarian syndrome?[END_REF]. Microscopically, all but one ovary in transgender men exhibited a thickened collagenized cortex. Mean thickness at 817±300 µm was significantly larger than in controls (241±85 µm) [START_REF] Pache | Ovarian morphology in long-term androgen-treated female to male transsexuals. A human model for the study of polycystic ovarian syndrome?[END_REF]. At 27±13, the number of antral follicles was larger than that found in controls (11±5). Moreover, multiple cystic atretic follicles were seen in ovaries of transgender men.

Other investigators looking at ovarian histology in transgender men receiving GAHT confirmed the findings reported by Pache et al. [START_REF] Pache | Ovarian morphology in long-term androgen-treated female to male transsexuals. A human model for the study of polycystic ovarian syndrome?[END_REF], describing ovarian architecture having macroscopic and microscopic characteristics of PCOS ovaries [START_REF] Grynberg | Histology of genital tract and breast tissue after long-term testosterone administration in a female-to-male transsexual population[END_REF]. Moreover, androgenized in-vivo models, such as encountered in patients with congenital adrenal hyperplasia or virilizing tumors [START_REF] Kase | IN VITRO PRODUCTION OF ANDROGENS BY A VIRILIZING ADRENAL ADENOMA AND ASSOCIATED POLYCYSTIC OVARIES[END_REF] have also been reported to exhibit PCOS-like ovaries. Studying the texture profile of ovaries of transgender men, de Roo et al. documented a stiffer ovarian cortex in ovaries exposed to GAHT [START_REF] De Roo | Texture profile analysis reveals a stiffer ovarian cortex after testosterone therapy: a pilot study[END_REF]. Several reports support the concept that long-term exposure to high doses of exogenous testosterone induce the morphological features of PCOS [START_REF] Spinder | The effects of long term testosterone administration on pulsatile luteinizing hormone secretion and on ovarian histology in eugonadal female to male transsexual subjects[END_REF]. These findings generated the concept that androgens might constitute the primary cause of ovarian alteration encountered in PCOS [START_REF] Spinder | The effects of long term testosterone administration on pulsatile luteinizing hormone secretion and on ovarian histology in eugonadal female to male transsexual subjects[END_REF][START_REF] Futterweit | Histopathological effects of exogenously administered testosterone in 19 female to male transsexuals[END_REF].

More recently however, Ikeda et al. challenged this view on the effect of GAHT and its role in inducing PCOS-like effects on the ovaries. These authors indicated that high-dose androgen therapy causes pathognomonic changes to the ovarian cortex and stroma that resemble Stein-Leventhal syndrome but does not induce full PCO morphology [START_REF] Ikeda | Excessive androgen exposure in female-to-male transsexual persons of reproductive age induces hyperplasia of the ovarian cortex and stroma but not polycystic ovary morphology[END_REF]. Compared with controls -cycling women receiving no hormone therapy -the ovaries of treated transgender men had a thicker ovarian cortex and more hyperplastic collagen, ovarian stromal hyperplasia and stromal luteinization. Yet, the number of primordial, early follicles -primary, pre-antral and early antral -was similar in the two groups, contrary to the emblematic findings made in PCOS ovaries [START_REF] Ikeda | Excessive androgen exposure in female-to-male transsexual persons of reproductive age induces hyperplasia of the ovarian cortex and stroma but not polycystic ovary morphology[END_REF].

According to a recent report, 50% of transgender men questioned before GAHT expressed the desire to have children [START_REF] Wierckx | Reproductive wish in transsexual men[END_REF] and, according to another study, 76% had thought about preserving their fertility before undertaking the transition process [START_REF] Auer | Desire to Have Children Among Transgender People in Germany: A Cross-Sectional Multi-Center Study[END_REF]. These considerations led to questions whether oocyte quality is affected by prolonged testosterone treatment. A recent retrospective case-control study reported unaltered ART outcomes in transgender males who received (and stopped) testosterone therapy, despite the fact that higher total doses of gonadotropins were needed during the ovarian stimulation (OS) process [START_REF] Leung | Assisted reproductive technology outcomes in female-to-male transgender patients compared with cisgender patients: a new frontier in reproductive medicine[END_REF]. In line with these findings, a recent study on ovarian histology and morphology of cumulus-oocyte complexes in transgender men revealed a normal morphology of follicular complexes [START_REF] De Roo | Fertility options in transgender people[END_REF], which was similar that previously reported in fertile cisgender women [START_REF] Gougeon | Morphometric studies of small follicles in ovaries of women at different ages[END_REF].

Moreover, these authors also reported a good in-vitro maturation rate of about 34% in cumulus-oocyte complexes retrieved from transgender men, a finding similar to that reported by De Roo et al. in cisgender women [START_REF] De Roo | Ovarian tissue cryopreservation in female-to-male transgender people: insights into ovarian histology and physiology after prolonged androgen treatment[END_REF] 

Breast effects of GAHT

Studies on breast tissue exposed to long-term androgen therapy have reported generally fibrous transformation. These alterations range from intralobular fibrous transformation of the stroma with extralobular fibrous alteration of the stroma and lobular atrophy [START_REF] Burgess | An immunohistochemical study of the long-term effects of androgen administration on female-to-male transsexual breast: a comparison with normal female breast and male breast showing gynaecomastia[END_REF][START_REF] Sapino | Effect of long-term administration of androgens on breast tissues of female-to-male transsexuals[END_REF][START_REF] Slagter | Serum and urine tissue kallikrein concentrations in male-to-female transsexuals treated with antiandrogens and estrogens[END_REF]. Buress and Shousha reported no specific effect of long-term androgen administration on breast tissue but rather a marked reduction of glandular tissue and an extension of fibrous connective tissue in 93% of the studied cases. Other modifications reported in the breast tissue of transgender men included involuted lobulo-alveolar structures embedded in dense, hyalinized fibrous tissue. Also, severe lobular atrophy was observed in 7% of cases, with mildly atrophic or stromal changes noted in 86% and 7%, respectively [START_REF] Grynberg | Histology of genital tract and breast tissue after long-term testosterone administration in a female-to-male transsexual population[END_REF]. Fibrocystic lesions were reported in 34 participants and two adenofibromas were observed. None of these reports showed atypical hyperplasia, in-situ breast carcinomas or features of gynecomastia. No intraductal papilloma or papillomatosis were observed. Some authors reported a link between testosterone levels and the risk of developing breast cancer in post-menopausal women [START_REF] Key | Endogenous sex hormones and breast cancer in postmenopausal women: reanalysis of nine prospective studies[END_REF][START_REF] Missmer | Endogenous estrogen, androgen, and progesterone concentrations and breast cancer risk among postmenopausal women[END_REF]. Recent findings showed that epithelial hyperplasia was associated with increased androgen concentrations, but no significant increased incidence of breast carcinoma was found [START_REF] Secreto | Androgen excretion in women with a family history of breast cancer or with epithelial hyperplasia or cancer of the breast[END_REF]. These findings are consistent with reports emanating from women with hyperandrogenism, as it is notably the case in PCO patients or women affected by virilizing tumors. Thus, androgen therapy given to transgender men as part of their GAHT does not appear to increase the risk of developing malignant lesions of the breast [START_REF] De Blok | Breast cancer risk in transgender people receiving hormone treatment: nationwide cohort study in the Netherlands[END_REF].

Body composition

Androgen treatment has the goal of inducing virilization of the body of transgender men, including a change of the physical contours with increased muscle mass [START_REF] Gooren | Management of female-to-male transgender persons: medical and surgical management, life expectancy[END_REF]. GAHT commonly overshoot the effects on muscle mass commonly seen in cisgender male males with a significant increase in creatinine levels compared to cisgender males. This increase in creatinine directly correlates with serum testosterone levels and reflects the increase in muscle mass [START_REF] Vita | Changes in hormonal and metabolic parameters in transgender subjects on cross-sex hormone therapy: A cohort study[END_REF][START_REF] Fernandez | METABOLIC EFFECTS OF HORMONE THERAPY IN TRANSGENDER PATIENTS[END_REF]. A significant increase in muscle mass observed in transgender men receiving GAHT results in a 15% increase in thigh volume. [START_REF] Wiik | Muscle Strength, Size, and Composition Following 12 Months of Gender-affirming Treatment in Transgender Individuals[END_REF] An Australian cross-sectional study compared transgender men (n=43) receiving intramuscular testosterone undecanoate to age-matched cisgender women (n=30). In this study, transgender men had a mean gain in lean mass of 7.8 kg (p<0.001, CI 4.0;11.5) with a significant higher android to gynoid fat ratio [START_REF] Bretherton | Insulin resistance in transgender individuals correlates with android fat mass[END_REF]. Similarly, an increase in waist-hip ratio was observed in the Belgian ENIGI cohort (European Network for the Investigation of Gender Incongruence) of 53 transgender men who received testosterone undecanoate every 3 months. Similar results were observed in another crosssectional study in 50 transgender men receiving long-term testosterone treatment after GAS [START_REF] Wierckx | Cross-sex hormone therapy in trans persons is safe and effective at short-time follow-up: results from the European network for the investigation of gender incongruence[END_REF][START_REF] Van Caenegem | Bone mass, bone geometry, and body composition in female-to-male transsexual persons after long-term cross-sex hormonal therapy[END_REF].

There was no difference in insulin resistance and overall fat mass observed in transgender men (n=43) receiving GAHT and age-matched cisgender women [START_REF] Bretherton | Insulin resistance in transgender individuals correlates with android fat mass[END_REF]. Increase in lean mass without increase in body mass index (BMI) was also observed in the Belgian cohort described by Auer et al. [START_REF] Auer | 12-months metabolic changes among gender dysphoric individuals under cross-sex hormone treatment: a targeted metabolomics study[END_REF]. Suppakitjanusant et al. confirmed that the BMI remained stable during androgen therapy but did not describe lean body mass [START_REF] Suppakitjanusant | Effects of gender affirming hormone therapy on body mass index in transgender individuals: A longitudinal cohort study[END_REF]. Other studies found an increase in BMI, attributed to increase of muscle mass [START_REF] Fernandez | METABOLIC EFFECTS OF HORMONE THERAPY IN TRANSGENDER PATIENTS[END_REF][START_REF] Deutsch | Effects of cross-sex hormone treatment on transgender women and men[END_REF][START_REF] Mueller | Long-term administration of testosterone undecanoate every 3 months for testosterone supplementation in female-to-male transsexuals[END_REF][START_REF] Jacobeit | Safety aspects of 36 months of administration of long-acting intramuscular testosterone undecanoate for treatment of female-to-male transgender individuals[END_REF][START_REF] Pelusi | Effects of three different testosterone formulations in female-to-male transsexual persons[END_REF]. Overall, an increase in lean mass is observed under testosterone therapy with a reduction in body fat [START_REF] Gooren | Management of female-to-male transgender persons: medical and surgical management, life expectancy[END_REF][START_REF] Wierckx | Cross-sex hormone therapy in trans persons is safe and effective at short-time follow-up: results from the European network for the investigation of gender incongruence[END_REF][START_REF] Deutsch | Effects of cross-sex hormone treatment on transgender women and men[END_REF][START_REF] Pelusi | Effects of three different testosterone formulations in female-to-male transsexual persons[END_REF][START_REF] Klaver | Cross-sex hormone therapy in transgender persons affects total body weight, body fat and lean body mass: a meta-analysis[END_REF][START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF][START_REF] Shadid | Effects of Gender-Affirming Hormone Therapy on Insulin Sensitivity and Incretin Responses in Transgender People[END_REF].

Long-term changes in body composition seem to persist. A cohort of 50 transgender men having undergone GAS showed a reduction of almost 30% in body fat with GAHT and almost 10% increase in lean body mass compared to cisgender female controls after a mean follow-up of 9.9 years [START_REF] Van Caenegem | Bone mass, bone geometry, and body composition in female-to-male transsexual persons after long-term cross-sex hormonal therapy[END_REF]. A randomized trial by Pelusi et al. showed significant increase in lean body mass measured by dualenergy X ray absorptiometry (DXA), with a significant increase of body weight and BMI after 54 weeks of treatment. There was no difference between the various testosterone preparations used [START_REF] Pelusi | Effects of three different testosterone formulations in female-to-male transsexual persons[END_REF].

However, in an observational cohort sub-analysis within the ENIGI study, 20.2% (n=19/94) of transgender men showed no change in lean body mass at 24 months of follow-up. The lack of change in lean body mass was associated with an increase of mean LH levels and lower serum testosterone levels. This finding suggests a dose-response effect, with failure of clinical change in body composition being likely the refection of insufficient dosing of hormone therapy. Hence, GAHT should be individualized based on effects rather than simply applying standardized dosing of testosterone therapy [START_REF] Van Velzen | Variation in sensitivity and rate of change in body composition: steps toward individualizing transgender care[END_REF].

Insulin resistance

The effect of sex hormones on insulin sensitivity in cisgender people is not yet fully understood.

Increased levels of testosterone in cisgender women, for instance in case of PCOS, are associated with increased insulin resistance. However, increased insulin resistance is also observed in men with hypogonadism. In these men, testosterone substitution is associated with a slight improvement in the degree of insulin sensitivity [START_REF] Mohler | The Effect of Testosterone on Cardiovascular Biomarkers in the Testosterone Trials[END_REF][START_REF] Geer | Gender differences in insulin resistance, body composition, and energy balance[END_REF]. Polderman et al. investigated the effect of testosterone treatment in transgender men in the early 1990's. Glucose utilization decreased with physiological levels of insulin during a three-step hyper insulinemic-euglycemic clamp with stable endogenous glucose production. The authors concluded that insulin resistance increases under testosterone therapy [START_REF] Polderman | Induction of insulin resistance by androgens and estrogens[END_REF].

Insulin sensitivity is addressed by the HOMA-IR formula (homeostatic model assessment of insulin resistance) using the product of fasting glucose and insulin level. Auer et al. found a reduction in fasting insulin levels in transgender men with a decrease in HOMA-IR [START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF]. These findings were confirmed in 35 transgender men in an observational cohort study conducted within the ENIGI trial [START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF][START_REF] Shadid | Effects of Gender-Affirming Hormone Therapy on Insulin Sensitivity and Incretin Responses in Transgender People[END_REF]. A trend toward decreasing fasting glucose levels was seen in 11 transgender men treated in Italy with testosterone esters every 2-4 weeks (p=0.06) (n=10) [START_REF] Vita | Changes in hormonal and metabolic parameters in transgender subjects on cross-sex hormone therapy: A cohort study[END_REF]. This was also confirmed in a Dutch cohort of 17 transgender men treated with intramuscular testosterone esters (250 mg) every two weeks. After 12 months of treatment, fasting glucose levels showed a decrease compared to baseline (5.0 ± 0.5 mmol/L vs 4.6 ± 0.3 mmol/L) [START_REF] Elbers | Effects of sex steroids on components of the insulin resistance syndrome in transsexual subjects[END_REF].

In comparison to cisgender women, there was no difference in insulin resistance in transgender men with GAHT [START_REF] Bretherton | Insulin resistance in transgender individuals correlates with android fat mass[END_REF][START_REF] Seal | A review of the physical and metabolic effects of cross-sex hormonal therapy in the treatment of gender dysphoria[END_REF][START_REF] Resmini | Leptin, ghrelin, and adiponectin evaluation in transsexual subjects during hormonal treatments[END_REF]. These findings are consistent with the study of Shadid et al. in which no difference in incretin response was observed in transgender men after 12 months of GAHT [START_REF] Shadid | Effects of Gender-Affirming Hormone Therapy on Insulin Sensitivity and Incretin Responses in Transgender People[END_REF]. In a Belgian cohort of 20 transgender men, fasting glucose and insulin levels remained stable under GAHT [START_REF] Auer | 12-months metabolic changes among gender dysphoric individuals under cross-sex hormone treatment: a targeted metabolomics study[END_REF]. Likewise, there was no significant change in HbA1c (glycated hemoglobin) (54).

Berra et al. and Auer et al. found a significant decrease in adiponectin levels in transgender men

after 6 months of testosterone therapy [START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF][START_REF] Berra | Testosterone decreases adiponectin levels in female to male transsexuals[END_REF]. An Italian observational study detected significantly lower adiponectin levels in transgender men in comparison to transgender women. Yet, no difference between adiponectin levels in transgender men versus matched cisgender women was found [START_REF] Resmini | Leptin, ghrelin, and adiponectin evaluation in transsexual subjects during hormonal treatments[END_REF]. A decrease in adiponectin could be associated with increased cardiovascular risk as adiponectin is involved in the pathogenesis of atherosclerosis. Further studies are needed to investigate the role of GAHT in adiponectin levels. Ghrelin and leptin levels were not different in transgender men compared to transgender women and control groups (cisgender men and cisgender women) [START_REF] Resmini | Leptin, ghrelin, and adiponectin evaluation in transsexual subjects during hormonal treatments[END_REF].

Bone density

Contrary to earlier beliefs, we now know that estrogens produced by aromatization of androgens are the primary regulator of bone homeostasis in adult men. Testosterone and estradiol levels must decline substantially to impact the skeleton [START_REF] Finkelstein | Gonadal steroid-dependent effects on bone turnover and bone mineral density in men[END_REF]. In transgender men, bone metabolism transitorily increases at the initiation of testosterone therapy, but no major changes are ultimately found in bone density [START_REF] Van Caenegem | Bone in trans persons[END_REF]. Following long-term testosterone therapy, larger cortical bone size was observed in transgender men as compared to age-matched cisgender women (57). Short-term and long-term studies show that hormonal treatment does not have detrimental effects on bone mineral density in transgender men [START_REF] Wiepjes | Bone health in adult trans persons: an update of the literature[END_REF]. As said above, bone mineral density is maintained by the positive effect of E2 produced by aromatisation of testosterone, together with the effects of testosterone on body composition [START_REF] Wiepjes | Bone Mineral Density Increases in Trans Persons After 1 Year of Hormonal Treatment: A Multicenter Prospective Observational Study[END_REF]. In addition a more recent study concluded that BMD increased in transgender persons after 1 year of hormonal treatment.

Cardiovascular risk factors

Lipid parameters differ between genders. It is well known that male gender is associated with higher total cholesterol, triglycerides, and low-density lipoprotein (LDL) cholesterol and lower levels of high-density lipoprotein (HDL) cholesterol. Testosterone substitution therapy in testosterone deficient men tends to decrease blood pressure and improve the lipid profile [START_REF] Traish | Outcomes of testosterone therapy in men with testosterone deficiency (TD): part II[END_REF]. However, in transgender men, supplemental testosterone is given in non-hypogonadal patients.

The effect of testosterone therapy on lipid profile and blood pressure in transgender men has been studied in multiple cohorts. Lipid levels were not affected by testosterone therapy (1,000 mg testosterone undecanoate every 3 months) in a Belgian observational study [START_REF] Auer | 12-months metabolic changes among gender dysphoric individuals under cross-sex hormone treatment: a targeted metabolomics study[END_REF]. Similar findings were found in other observational studies with stable triglycerides and LDL-cholesterol under variable doses and length of treatment with testosterone [START_REF] Deutsch | Effects of cross-sex hormone treatment on transgender women and men[END_REF][START_REF] Chan | RISE WITH TESTOSTERONE TREATMENT FOR TRANSGENDER MEN[END_REF].

In a prospective observational study conducted in 53 transgender men (ENIGI), triglycerides (36.9%; 95% CI, 29.8 to 44.1), total cholesterol (4.1%; 95% CI, 1.5 to 6.6) and LDL-cholesterol (13.0%; 95% CI, 9.2 to 16.8) levels increased after 1 year under intramuscular testosterone therapy.

Likewise, HDL-cholesterol levels decreased (10.8%; 95% CI, -14.0 to -7.6) [START_REF] Wierckx | Cross-sex hormone therapy in trans persons is safe and effective at short-time follow-up: results from the European network for the investigation of gender incongruence[END_REF]. Similar trends were observed in retrospective analysis, with a variable impact on triglyceride levels [START_REF] Fernandez | METABOLIC EFFECTS OF HORMONE THERAPY IN TRANSGENDER PATIENTS[END_REF][START_REF] Wierckx | Cross-sex hormone therapy in trans persons is safe and effective at short-time follow-up: results from the European network for the investigation of gender incongruence[END_REF][START_REF] Mueller | Long-term administration of testosterone undecanoate every 3 months for testosterone supplementation in female-to-male transsexuals[END_REF][START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF][START_REF] Mueller | Effects of intramuscular testosterone undecanoate on body composition and bone mineral density in female-to-male transsexuals[END_REF][START_REF] Cocchetti | Does Gender-Affirming Hormonal Treatment Affect 30-Year Cardiovascular Risk in Transgender Persons? A Two-Year Prospective European Study (ENIGI)[END_REF]. Overall, a meta-analysis of Makara et al. including 20 studies (n=1,500) confirmed the increase in LDL-cholesterol and triglycerides and the decrease in HDL-cholesterol under GAHT compared to baseline.

There is firm evidence that increasing levels of LDL-cholesterol are associated with increased cardiovascular risk. So, if LDL-levels increase with GAHT, transgender men could be at higher risk for cardiovascular disease. A recent multicenter prospective trial including 165 transgender men (ENIGI) investigated the impact of initiating GAHT on cardiovascular risk using the 30-year Framingham CVD (cardiovascular disease) risk estimate. After initiation of testosterone treatment, the risk of hard CVD events based on Framingham risk calculation was increased (+ 0.68%, 95% CI 0.21-1.16) after 2 years. Notably, transgender men had already a higher long-term CVD risk at inclusion in comparison to estimated optimal CVD risk in the control group (cisgender women) [START_REF] Cocchetti | Does Gender-Affirming Hormonal Treatment Affect 30-Year Cardiovascular Risk in Transgender Persons? A Two-Year Prospective European Study (ENIGI)[END_REF]. Nota et al.

found a significant higher occurrence of myocardial infarction in transgender men with testosterone treatment compared to cisgender women (standardized incidence ratio 3.69 (1.94-6.42) without significant increase in venous thrombo-embolism or stroke occurrence. The risk of myocardial infarction in transgender men was not increased in comparison to cisgender men. Unfortunately, there was no adjustment for smoking or psychological stressors [START_REF] Nota | Occurrence of Acute Cardiovascular Events in Transgender Individuals Receiving Hormone Therapy[END_REF]. Further research in bigger cohorts with longer follow-up is needed to establish the cardiovascular risk in transgender men.

In most cohorts, no difference in blood pressure was observed and there was no significant impact of hormone levels on blood pressure [START_REF] Fernandez | METABOLIC EFFECTS OF HORMONE THERAPY IN TRANSGENDER PATIENTS[END_REF][START_REF] Deutsch | Effects of cross-sex hormone treatment on transgender women and men[END_REF][START_REF] Auer | Effects of Sex Hormone Treatment on the Metabolic Syndrome in Transgender Individuals: Focus on Metabolic Cytokines[END_REF]. Contrary, diastolic blood pressure slightly increased with GAHT (2.5%; 95% CI, 0.6 to 4.4) in a prospective, observational study within ENIGI.

Observational data in 35 transgender men showed significant increase of diastolic and systolic tension after initiation of long-acting testosterone undecanoate every 3 months. [START_REF] Mueller | Long-term administration of testosterone undecanoate every 3 months for testosterone supplementation in female-to-male transsexuals[END_REF][START_REF] Van Velzen | Cardiometabolic Effects of Testosterone in Transmen and Estrogen Plus Cyproterone Acetate in Transwomen[END_REF]. This was clinically relevant in two patients in whom testosterone treatment had to be temporarily interrupted [START_REF] Mueller | Long-term administration of testosterone undecanoate every 3 months for testosterone supplementation in female-to-male transsexuals[END_REF]. The change in systolic and diastolic blood pressure was clinically relevant in 2 female-to-male transsexuals, who discontinued the testosterone administration because they developed hypertension after thier first injection, although they had shown no hypertension at baseline. Similar results were observed in a Japanese cohort after initiation of biweekly intramuscular injections of testosterone esters with increase of systolic blood pressure (110.4±9.4 mmHg vs. 117.4±10.2, p<0.01) and diastolic (64.6+-6.9 mmHg vs. 68.6+-8.4, p<0.02) in transgender men under testosterone treatment (n=48) compared to untreated transgender men (n=63) [START_REF] Emi | Increased arterial stiffness in female-to-male transsexuals treated with androgen[END_REF]. A raise of hematocrit levels was seen in a large cohort (n=192) of transgender men within ENIGI after three months GAHT (+2.7 Hct%, 95%CI 1.94-3.29) with a more pronounced increase in patients receiving testosterone esters in comparison to testosterone undecanoate [START_REF] Defreyne | Prospective evaluation of hematocrit in gender-affirming hormone treatment: results from European Network for the Investigation of Gender Incongruence[END_REF]. There is however little good literature on this topic. We already mentioned the large prospective study by Defreyne et al. Polycytemia depends on the definition used, but in this cohort there were low rates of erythrocytosis, with a maximum measured hematocrit of 54.0%, and none of the trans men experienced any thromboembolic events during follow-up. They reported 11.5% hematocrit >50% during the investigation period (22 out of 192 trans men). So regular laboratory follow-up is recommended after initiation of GAHT, with dose or interval adjustments when needed or investigation of other causes.

Observational studies showed no increase of mortality in transgender men with GAHT in comparison to the general population [START_REF] Van Kesteren | Mortality and morbidity in transsexual subjects treated with cross-sex hormones[END_REF]. A Dutch cohort included 365 transgender men with a mean follow-up time of 18.8 years. Yet in this study, only 6 transgender men were aged 65 years or older, so that no firm conclusions can be drawn about transgender men in older age groups [START_REF] Asscheman | A long-term follow-up study of mortality in transsexuals receiving treatment with crosssex hormones[END_REF].

Conclusion

A large body of literature concurs to describe that long-term androgen therapy in transgender males -GAHT -primarily exerts atrophic effects on the breast during the process leading to sex reassignment surgery. There is no evidence of increased risk of breast cancer. In parallel, long-term exogen testosterone exposure induces changes in the ovarian structure that start becoming visible after 6 months of therapy. These changes consist in macroscopic and microscopic alterations of ovarian morphology that mimic some but not all typical ovarian characteristics encountered in women suffering from PCOS ovaries.

General and metabolic effects of long-term androgen treatment as typically taken by transgenders male put them at par with cis-gender males in terms of lipid profile, insulin resistance and overall mortality. Body composition changes as desired upon testosterone administration in most trans men, and insulin resistance decreases with virilisation. There are no detrimental effect on bone mineral density.

Cardiometabolic risk and morbidity data are currently reassuring, even if available studies show conflicting results. Increase of bloodpressure, and decrease of HDL-cholesterol have been reported as risk factors, while polycytemia is rare and treatable. Available research is however weak methodologically speaking. Most available data are observational and based on biochemical markers instead of more direct measures of cardiovascular damage. Finally, factors such as psychological stress and life-style characteristics are often forgotten in most studies available, a fact that underscores the a much needed integrated approach.