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Capsule

In the absence of a prior history of surgery for endometriosis, the serum AMH

Introduction

Anti-Müllerian hormone (AMH) is used in daily practice as a biochemical marker of the ovarian reserve, [START_REF] Van Rooij | Serum anti-Mullerian hormone levels: a novel measure of ovarian reserve[END_REF][START_REF] Marca | Anti-Mullerian hormone (AMH): what do we still need to know?[END_REF] whereas the actual ovarian function can be clinically characterized by the occurrence of a regular menstrual cycle. [START_REF] Reed | The Normal Menstrual Cycle and the Control of Ovulation[END_REF] In assisted reproductive technologies, AMH is a predictive tool of the ovarian response to gonadotropin stimulation in infertile women [START_REF] Hamdine | Ovarian response prediction in GnRH antagonist treatment for IVF using anti-Mullerian hormone[END_REF][START_REF] Marca | Individualization of controlled ovarian stimulation in IVF using ovarian reserve markers: from theory to practice[END_REF], although it does not reflect the likelihood of pregnancy. [START_REF] Iliodromiti | The predictive accuracy of anti-Mullerian hormone for live birth after assisted conception: a systematic review and meta-analysis of the literature[END_REF][START_REF] Streuli | AMH concentration is not related to effective time to pregnancy in women who conceive naturally[END_REF] AMH is produced by non-growing follicles; including primary, secondary, pre-antral, and early antral follicles [START_REF] Weenen | Anti-Mullerian hormone expression pattern in the human ovary: potential implications for initial and cyclic follicle recruitment[END_REF][START_REF] Jeppesen | Which follicles make the most anti-Mullerian hormone in humans? Evidence for an abrupt decline in AMH production at the time of follicle selection[END_REF][START_REF] Broer | Anti-Mullerian hormone: ovarian reserve testing and its potential clinical implications[END_REF]. Serum AMH levels correlate inversely with age. [START_REF] Fong | Serum anti-mullerian hormone levels in healthy females: a nomogram ranging from infancy to adulthood[END_REF][START_REF] Kelsey | A validated model of serum anti-mullerian hormone from conception to menopause[END_REF] However, serum AMH levels remain relatively constant throughout the menstrual cycle [START_REF] Visser | Anti-Mullerian hormone and folliculogenesis[END_REF] and they can be measured at any time. [START_REF] Streuli | Clinical uses of anti-Mullerian hormone assays: pitfalls and promises[END_REF] The impact of a benign ovarian cyst on the serum AMH level has remained unclear.

Women with bilateral ovarian cysts have been reported to have lower serum AMH levels, irrespective of the nature of the cyst. [START_REF] Somigliana | Serum anti-mullerian hormone in reproductive aged women with benign ovarian cysts[END_REF][START_REF] Kwon | Decline of serum antimullerian hormone levels after laparoscopic ovarian cystectomy in endometrioma and other benign cysts: a prospective cohort study[END_REF] It has been reported that presurgical serum AMH levels do not differ between cases of endometrioma (OMA) and non-endometriotic ovarian benign cysts. [START_REF] Kwon | Decline of serum antimullerian hormone levels after laparoscopic ovarian cystectomy in endometrioma and other benign cysts: a prospective cohort study[END_REF][START_REF] Streuli | In women with endometriosis anti-Mullerian hormone levels are decreased only in those with previous endometrioma surgery[END_REF][START_REF] Vignali | Surgical excision of ovarian endometriomas: Does it truly impair ovarian reserve? Long term anti-Mullerian hormone (AMH) changes after surgery[END_REF] Women with a prior history of OMA surgery have been shown to have drastically lower serum AMH levels, independently of the presence of a current OMA. [START_REF] Streuli | In women with endometriosis anti-Mullerian hormone levels are decreased only in those with previous endometrioma surgery[END_REF][START_REF] Uncu | Prospective assessment of the impact of endometriomas and their removal on ovarian reserve and determinants of the rate of decline in ovarian reserve[END_REF][START_REF] Raffi | The impact of excision of ovarian endometrioma on ovarian reserve: a systematic review and meta-analysis[END_REF][START_REF] Garcia-Velasco | Management of endometriomas in women requiring IVF: to touch or not to touch[END_REF] It is not known whether AMH concentrations vary according to the size of benign ovarian cysts.

The aim of this study was to compare the serum AMH levels in women with OMA versus the levels in women with a non-OMA benign ovarian cyst in a population of patients without any prior history of surgery for endometriosis, as well as to examine whether AMH levels correlate with the size of the cyst.

Materials and Methods

We undertook a large, observational, cross-sectional study that involved women referred to our gynecologic surgery department between January 2004 and September 2016 for a benign gynecological condition and prospectively enrolled in our local database. Women with ongoing cancer, pregnancy, infectious disease, and/or who refused to provide their consent for participation in this study were not enrolled in the database.. The local ethics committee (approval number 05-2006 provided by the "Comite ́ Protection des Personnes of Paris-Cochin") approved the study protocol. Non-pregnant women between 18 and 42 years of age without a prior history of surgery for endometriosis and surgically managed for a benign ovarian cyst and for whom the preoperative serum AMH level was available were retained for the analysis. Women with OMA were compared with a control group of women with non-OMA benign ovarian cysts.

All of the women had undergone preoperative imaging (i.e., ultrasound and/or MRI) that resulted in a recognizable ovarian cyst according to the usual criteria including size, appearance, cyst content, uni-multilocular, vascularization, and the presence of vegetation. [START_REF] Nisenblat | Combination of the non-invasive tests for the diagnosis of endometriosis[END_REF][START_REF] Valentini | Benign and Suspicious Ovarian Masses-MR Imaging Criteria for Characterization: Pictorial Review[END_REF][START_REF] Piketty | Preoperative work-up for patients with deeply infiltrating endometriosis: transvaginal ultrasonography must definitely be the first-line imaging examination[END_REF][START_REF] Van Holsbeke | Endometriomas: their ultrasound characteristics[END_REF][START_REF] Guerriero | Tumor markers and transvaginal ultrasonography in the diagnosis of endometrioma[END_REF] For each patient, the cyst laterality (i.e., left, right, or bilateral) and size (cm) were recorded. The cyst size was based on the largest diameter as determined by ultrasound-based imaging. In case of bilateral cysts, the sum of the largest diameters and the sum of the volumes of each cyst were considered for analysis when appropriate. [START_REF] Chon | Preoperative risk factors in recurrent endometrioma after primary conservative surgery[END_REF] For all of the participants in the study, the AMH concentration was determined using plasma collected in the month prior to the surgery. The blood samples (5-10 ml) were centrifuged at 800 x g for 12 min at 37 ºC, and serum supernatants were collected. Aliquots of these samples were stored at -80 ºC until needed for analysis in case of lack of routine measurement of the AMH concentration. Indeed, between 2004 and 2008, measurement of the serum AMH concentration was not performed routinely. Thus, in 60 cases, frozen samples of plasma that had been collected in the month before the surgery were used to secondarily measure the AMH concentration using the same assay procedure that has been used routinely since 2008. All of the measurements of serum AMH concentrations were performed using a commercially available enzyme-linked immunosorbent assay kit according to the manufacturer's instructions [Diagnostic Systems Laboratories (DSL), Webster, TX, USA], as published elsewhere. [START_REF] Streuli | In women with endometriosis anti-Mullerian hormone levels are decreased only in those with previous endometrioma surgery[END_REF] The limit of detection of the kit is 0.006 ng/ml and the intra-assay coefficient of variation between 4.8 and 8.0 percent, as described in the directions for use. [START_REF] Streuli | Clinical uses of anti-Mullerian hormone assays: pitfalls and promises[END_REF] All of the AMH measurements were performed by the same laboratory. Serum AMH concentrations between 2.0 to 6.8 ng/ml are considered to be normal by the laboratory.

Indications for surgery (possibly more than one per patient)-as reported previously, (28) were the following: (i) chronic pelvic pain, defined as the presence of dysmenorrhea and/or intermenstrual pelvic pain and/or dyspareunia of moderate to severe intensity for at least 6 months; (29) (ii) infertility defined as at least 12 months of unprotected intercourse that failed to result in pregnancy; (30) (iii) a pelvic mass (an adnexal benign cyst). The diagnosis of endometriosis was based on surgical exploration and histological confirmation.

During the surgical procedure, the extent of the endometriosis (the stage and mean scores: total, adhesions, implants) was assessed according to the American Society for Reproductive Medicine (ASRM) classification. [START_REF] Asrm | Revised American Society for Reproductive Medicine classification of endometriosis: 1996[END_REF] Deep infiltrative endometriosis could be established upon radical surgery (e.g., a bowel resection, partial cystectomy, or ureteral resection) when the muscularis (located in either the bladder, intestine, or intrinsic ureter) was found to be infiltrated by endometriotic tissue. [START_REF] Chapron | Surgery for bladder endometriosis: long-term results and concomitant management of associated posterior deep lesions[END_REF][START_REF] Dousset | Complete surgery for low rectal endometriosis: long-term results of a 100-case prospective study[END_REF] For the other locations (i.e., uterosacral ligaments, the extrinsic ureter, or the vagina), deep infiltrative endometriosis (DIE) was defined as endometriotic tissue infiltrating more than 5 mm beneath the peritoneum surface, as previously defined. [START_REF] Gordts | Pathogenesis of deep endometriosis[END_REF][START_REF] Koninckx | Deep endometriosis: a consequence of infiltration or retraction or possibly adenomyosis externa?[END_REF] Data pertaining to the patient's medical history were obtained by the surgeon prior to the surgery, using a previously published structured questionnaire, during a preoperative face-to-face interview. [START_REF] Chapron | Questioning patients about their adolescent history can identify markers associated with deep infiltrating endometriosis[END_REF] The following data were collected: age (years); body mass index (BMI, calculated as weight (kg) divided by the square of height (m 2 ); age at menarche; ethnicity; smoking; prior uterine surgery; gravidity; parity, n (%); regular menstrual cycle, n (%) (always, often, or never regular); oral contraceptive treatment use (never, current user, or previous user); infertility (primary or secondary); length of the infertility; pelvic painful symptoms (mean visual analog scores) including dysmenorrhea, deep dyspareunia, non-cyclic chronic pelvic pain; the duration of pelvic painful symptoms; gastrointestinal symptoms; lower urinary tract symptoms; bilateral ovarian cyst; mean ovarian cyst size; and ovarian cyst ≥ 5 cm. [START_REF] Chapron | Questioning patients about their adolescent history can identify markers associated with deep infiltrating endometriosis[END_REF] All of the resected cysts were referred to a pathologist for histological examination.

The diagnosis of OMA was histologically confirmed in all cases by features compatible with endometriosis, and the benign nature of the cysts was histologically confirmed in all cases.

All of the statistical data were compiled in a computerized database. Continuous data are presented as means and the standard deviation. Student's t-tests were carried out when appropriate. The Student's t-test or the Mann-Whitney U-test was used for quantitative variables and the Pearson's Chi-square or Fisher's exact test for qualitative variables, as appropriate. When more than two groups were compared, we used the Kruskal-Wallis test.

When group medians were significantly different by the Kruskal-Wallis test (p < 0.05), pairwise comparisons were performed with Dunn's multiple comparison test. Correlation coefficients were calculated using linear correlations. The log of the serum AMH concentration and the log of cyst volume (using the formula S = 4/3πR 3 ) were calculated. A Pearson's correlation was run to assess the relationship between the log of the serum AMH concentration and the log of the cyst volume. In case of bilateral cysts, the sum of the volume of each cyst was considered. In addition, the association between serum AMH levels and clinical or anatomical parameters of endometriosis severity was investigated by linear regression. To identify independent determinants of serum AMH levels, univariable associations were evaluated first; after which the variables below a p-value threshold (i.e., less than 0.05) were included in a multivariate model. Before regression analysis, we performed a logarithmic (log10) transformation of the AMH concentration and the cyst volume to achieve linearity. We also considered the 10log of the cyst volume because the diameters ranged from 0.5 cm to 21 cm and the combined volumes ranged from 0.06 cm 3 to 6,282 cm 3 . The model evaluates all of the included variables to identify those most strongly and concurrently related as a final output (i.e., age, body mass index (BMI), oral contraceptive (OC) use, infertility, and bilateral cysts). To determine the factors that contribute to increased serum AMH levels, a backward multiple linear regression was performed with serum AMH levels serving as the dependent variable. The statistical analyses were performed using STATA and GraphPad software for Macintosh (Stata/IC 11.0 for Mac, StataCorp College Station, TX, USA; GraphPad; La Jolla, CA, USA).

Results

The cohort selection process is outlined in the flowchart shown in Figure 1. Among the women for whom serum AMH concentration measurements were available, 148 women with ovarian endometrioma were retained in the OMA group and 119 women with non-OMA benign ovarian cysts were retained in the control group (Figure 1).

The mean age of the patients was significantly higher in the OMA group compared to the control group (31.7 ± 4.8 years vs. 29.2 ± 6.6 years; respectively, p < 0.01). The BMI was significantly lower in the OMA group compared to the control group (21.7 ± 3.7 kg/m 2 vs. 22.7 ± 3.9 kg/m 2 ; respectively, p = 0.03). The current use of OCs was significantly higher in the OMA group compared to the control group (63.5%, n = 94 vs. 37.5%, respectively, n = 44 p < 0.01). The proportion of infertile women was significantly higher in the OMA group compared to the control group (27.7%, n = 41 vs. 7.6%, respectively, n = 76; p < 0.01) (Table 1). The serum AMH concentrations did not differ between the OMA and the control group (3.8 ± 2.8 ng/ml vs. 4.1 ± 3.3 ng/ml; respectively, p = 0.51). Moreover, the serum AMH concentration in the OMA group did not differ in case of unilateral OMA compared to bilateral OMA (3.6 ± 2.6 ng/ml vs. 4.3 ± 3.2 ng/ml; respectively, p = 0.16) or in case of absence of DIE lesions compared to associated DIE lesions (3.8 ± 2.8 ng/ml vs. 3.8 ± 6.6 ng/ml; respectively, p = 0.95).

In the whole population, the serum AMH concentration was not different in current OC users (n = 138) compared to women who were non-current OC users (n = 129) (4.3 ± 2.8 ng/ml vs. 4.2 ± 1.8 ng/ml, respectively, p = 0.85). In both the OMA and control group, the AMH serum concentration was not different in current OC users compared to non-current OC users (the OMA group: 4.0 ± 2.9 ng/ml vs. 3.3 ± 2.5 ng/ml; respectively, p = 0.14 and the control group: 4.3 ± 3.3 ng/ml vs. 3.8 ± 3.3 ng/ml; respectively, p = 0.38).

In the whole population, the mean cyst size was not different in the current OC users (n = 138) compared to the non-OC users (n = 129) (4.1 ± 2.6 mm vs. 4.6 ± 2.5 mm, respectively, p = 0.10). In both the OMA and control group, the cyst size was not different in current OC users compared to non-current OC users (the OMA group: 4.0 ± 2.9 vs. 3.4 ± 2.4; respectively, p = 0.18 and the control group: 4.3 ± 3.3 mm vs. 3.8 ± 3.3 mm; respectively, p = 0.38).

Figure 2 depicts the variation in the serum AMH levels according to cyst size in the OMA and the control group (classified as ≤ 30 mm, >30 and ≤ 50 mm, >50 and ≤ 70 mm, and >70 mm). In the OMA group, the serum AMH levels differed according to the size category (p = 0.04) and a post hoc test revealed a significant increase in the serum AMH level in the subgroup with a cyst size > 70 mm (n = 26) compared to the subgroup with a cyst size < 30 mm (n = 51) (5.0 ± 3.6 vs. 3.3 ± 2.5, respectively, p = 0.02). In the control group, the serum AMH levels did not differ according to the size category (Figure 2).

Preoperatively, the correlation between the 10log of the serum AMH level and the 10log of the cyst volume was r = 0.161 in the OMA group and it was r = -0.17 in the control group. Finally, by a simple linear regression analysis, the log10 serum AMH level positively correlated with the log10 cyst volume in the OMA group (r-squared = 0.026; coef. = 0.04; 95% CI [0.001 to 0.09]; p = 0.04) and negatively correlated with the cyst size in the control group without reaching statistical significance (r-squared = 0.03; coef. = -0.05; 95% CI [-0.10 to 0.002]; p = 0.06). The correlation remained significant after multiple linear regression analysis controlling for potential confounders such as age, BMI, OC use, infertility, and the presence of bilateral cysts with a persistent positive linear relationship between the serum AMH level and the cyst size in the OMA group (adjusted r-squared = 0.23; coef. = 0.05; 95% CI [0.007 to 0.10]; p = 0.02). In the control group the negative linear relationship between the serum AMH level and the cyst size did not reach statistical significance (adjusted r-squared = 0.08; coef. = -0.04; 95% CI [-0.10 to 0.02]; p = 0.21). (Supplemental Table 1 and Supplemental Figure 1)

Discussion

Based on a population of women without a prior history of endometriosis surgery, preoperative serum AMH levels were found to be the same for women with OMA and women with a non-OMA benign cyst. Serum AMH levels positively correlated with the cyst size in the OMA group. Furthermore, in the OMA group, serum AMH levels were not altered by the presence of bilateral OMAs or associated DIE.

The strength of our study stems from the following aspects: (i) the selection of women undergoing adnexal surgery who did not have a prior history of surgery for endometriosis, (ii) the inclusion of women who had all undergone surgical exploration for benign adnexal cysts, (iii) the distinction of women with endometriosis from the controls based on a surgical evaluation and strict histological criteria, (iv) the use of clinical data collected prospectively by a structured questionnaire, and (iv) for all of the women (i.e., the OMA group and the control group) the serum AMH concentrations were determined by the same laboratory. Some limitations of the present study should be pointed out, however. Our study included women referred to our surgery department; therefore, infertile women with OMA and diminished ovarian reserve may be underrepresented. Determination of AMH levels should be limited to women with infertility or suspicion of a poor ovarian reserve. This could generate a possible inclusion bias that may be limited since AMH levels were routinely determined in all of the women included in the cohort. These women are less likely to be referred for surgery as they can generally be managed directly with ART. [START_REF] Maignien | Prognostic factors for assisted reproductive technology in women with endometriosis-related infertility[END_REF] There are, however, three main reasons why our correlation between OMA size and serum AMH levels may not be affected by this underrepresentation: i) we previously demonstrated that OMA per se does not diminish the ovarian reserve as reflected by the serum AMH level, but that alterations seen in women with endometriosis are a deleterious consequence of OMA surgery; [START_REF] Streuli | In women with endometriosis anti-Mullerian hormone levels are decreased only in those with previous endometrioma surgery[END_REF] ii) we deliberately excluded women with a prior history of surgery for endometriosis from the analysis in order to ensure population homogeneity in terms of serum AMH levels; iii) in the OMA group, the serum AMH level was higher in the infertile women compared to the fertile women (4.8 ± 3.3 vs. 3.4 ± 2.5; respectively, p = 0.007).

In our study, approximately 60% of the patients in the study group and 40% in the control group were current OC users. The serum AMH levels did not differ between the OMA and the control group despite a higher rate of OC use in the OMA group. No difference was observed in the serum AMH levels in the OMA and the control group according to current use of OC. Our results may not be impacted by OC use. In light of the increasing evidence that OC use is associated with lower AMH levels [START_REF] Birch Petersen | Ovarian reserve assessment in users of oral contraception seeking fertility advice on their reproductive lifespan[END_REF][START_REF] Arbo | Serum antimullerian hormone levels and follicular cohort characteristics after pituitary suppression in the late luteal phase with oral contraceptive pills[END_REF], this could boost a potential increased AMH level in case of OMA. The mean cyst size did not differ according to current OC use in the whole population and in the OMA group. However, in the control group, it was lower in case of current OC use. Therefore, OC may not be a confounding factor for the study of the correlation in the OMA group.

There have been conflicting reports regarding the impact of OMA on ovarian function.

Endometriotic ovarian cysts may negatively affect the rate of spontaneous ovulation [START_REF] Benaglia | Endometriotic ovarian cysts negatively affect the rate of spontaneous ovulation[END_REF].

OMA surgical excision significantly damages the ovarian reserve, as reflected by a decrease in serum AMH levels after surgery, specifically in case of bilateral OMA excision and in case of iterative surgeries. (17) However, in case of ART, no alteration of oocyte developmental competence, [START_REF] Filippi | Ovarian endometriomas and oocyte quality: insights from in vitro fertilization cycles[END_REF] no reduction of the quality, [START_REF] Benaglia | In vitro fertilization outcome in women with unoperated bilateral endometriomas[END_REF] and no reduction of the number of oocytes retrieved from the OMA-affected ovary have been observed. [START_REF] Almog | Effects of ovarian endometrioma on the number of oocytes retrieved for in vitro fertilization[END_REF] After exclusion of women with a prior history of surgery for endometriosis, in our study, OMAs were not associated with lower serum AMH levels compared to other benign cysts.

Despite the higher age, the higher rate of infertile women, and the higher rate of OC use in the OMA group compared to the control group, there was no difference in serum AMH levels between the two groups, suggesting a probable lack of a negative impact of OMA per se on serum AMH levels. This is in line with the findings of Somigliana et al., who previously reported that the nature of benign ovarian cysts did not affect serum AMH levels. [START_REF] Somigliana | Serum anti-mullerian hormone in reproductive aged women with benign ovarian cysts[END_REF] In this study, women were similarly excluded if they had previously had ovarian cysts removed.

However, when all of the cysts were considered, bilateral cysts were correlated with lower serum AMH levels compared to unilateral cysts. [START_REF] Somigliana | Serum anti-mullerian hormone in reproductive aged women with benign ovarian cysts[END_REF] In a case-control study matched for age and BMI, Kim et al. did not observe any difference in serum AMH levels between cases of OMA and mature cystic teratoma. Serum AMH levels did not differ when bilateral OMA were compared to unilateral OMA. Nevertheless, in this study, the women with stage IV endometriosis had significantly lower serum AMH levels [START_REF] Kim | Preoperative serum anti-mullerian hormone level in women with ovarian endometrioma and mature cystic teratoma[END_REF]. Uncu et al. observed lower serum AMH levels in women with OMA compared to women without OMA (2.81 ± 2.15 vs.

± 2.26). (19)

The authors excluded women with prior ovarian surgery, irregular menstrual periods, the presence of polycystic ovary syndrome, or any endocrine disorder, and those who used any medication that could affect ovarian function (such as oral contraceptive pills). However, in this study, the women without OMA who were used as controls were asymptomatic and they were not surgically investigated. [START_REF] Uncu | Prospective assessment of the impact of endometriomas and their removal on ovarian reserve and determinants of the rate of decline in ovarian reserve[END_REF] Using infertile women, Hwu et al. compared the serum AMH levels of women with unoperated OMAs diagnosed by ultrasound-based imaging to those of women without OMA. The serum AMH levels were significantly lower in the presence of OMA and they were much lower in case of bilateral OMAs compared to unilateral OMAs. However, all of the women in this retrospective study were infertile and no surgical or histological confirmations of OMAs were available. [START_REF] Hwu | The impact of endometrioma and laparoscopic cystectomy on serum anti-Mullerian hormone levels[END_REF] The results from the present study indicate a significant positive correlation between the size of the OMA and serum AMH levels. These previous studies did not analyze serum AMH levels according to the size of the OMA. [START_REF] Somigliana | Serum anti-mullerian hormone in reproductive aged women with benign ovarian cysts[END_REF][START_REF] Uncu | Prospective assessment of the impact of endometriomas and their removal on ovarian reserve and determinants of the rate of decline in ovarian reserve[END_REF][START_REF] Kim | Preoperative serum anti-mullerian hormone level in women with ovarian endometrioma and mature cystic teratoma[END_REF][START_REF] Hwu | The impact of endometrioma and laparoscopic cystectomy on serum anti-Mullerian hormone levels[END_REF] Three hypotheses offer an explanation for this result: i) Selection bias resulted in underrepresentation of women with low AMH levels, and an overrepresentation of women with high AMH levels before surgery. The patients with low AMH levels are not surgically managed to avoid a detrimental impact of surgical removal of OMA on the ovarian reserve.

ii)

As the size of the OMA increases, there may be increased secretion of AMH into the circulation by the ovaries. This enhanced secretion could be the result of local blood clearance boosted by an increase in ovarian blood flow due to inflammation and neoangiogenesis in case of endometriosis. Therefore, the overestimation of serum AMH levels in case of OMA is consistent with reduced oocyte retrieval in case of OMA compared to controls during ART-controlled ovarian stimulation.

(46) A lower oocyte retrieval could be due to insufficient follicular stimulation with insufficient gonadotropin doses in relation to the serum AMH levels. This hypothesis needs further exploration in order to understand why serum AMH levels are higher with large OMAs. However, if confirmed, these results could have a clinical impact on daily practice as there could be the potential for erroneous decision-making: an overestimation of the ovarian reserve prior to surgical management of OMA; an underestimation of the appropriate dosage of ART-controlled ovarian stimulation.

i)

OMA toxicity on the ovarian reserve could also underlie this positive correlation.

As previously described, an increase in OMA size increases their toxicity on the ovarian reserve. [START_REF] Sanchez | The distinguishing cellular and molecular features of the endometriotic ovarian cyst: from pathophysiology to the potential endometrioma-mediated damage to the ovary[END_REF] This may contribute to improved primordial follicular stimulation and consequently an increase in serum AMH levels. (48) However, this follicular burn is widely thought to be implicated in the long-term accelerated ovarian reserve depletion in case of endometriosis. (49)

Conclusion

In a population of women without a prior history of surgery for endometriosis, serum AMH levels increased with OMA size. The positive correlation between serum AMH levels and OMA size may be responsible for overestimation of the "ovarian reserve". In daily practice, in case of a large OMA, a high serum AMH level should be interpreted with caution.

FIGURES LEGENDS

Figure 1: Flowchart of the selection process.

Schematic outline of the cohort selection process. In case of bilateral cysts, the sum of the largest diameters of each cyst was considered. The statistical analysis was performed using the Kruskal-Wallis test with Dunn's multiple comparison test. The data are presented as means ± the standard error. Statistical significance: p < 0.05 Univariate and multivariate analysis of the relationship between the serum AMH levels and the cyst volume according to various clinical parameters.

Supplemental Figure 1:

The log10 cyst volumes and the log10 serum AMH concentrations are shown as a scatter plot. 
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 2 Figure 2: Variation of the serum AMH level and lesion size according to the nature of the benign ovarian cyst
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Table Table :

 Table Baseline characteristics of the patients Data are presented as mean ± standard deviation b Dyschezia, Painful constipation, Rectal bleeding c Suprapubic pain, frequency, hematuria, urinary tract infection

			OMA group (n = 148)	Control group (n = 119)	p-value
	Age (yrs.) a	31.7 ± 4.8	29.2 ± 6.6	< 0.01
	Body mass index (kg/m 2 ) a	21.7 ± 3.7	22.7 ± 3.9	0.03
	Age at menarche (years) a	13.1 ± 1.5	12.7 ± 1.8	0.10
	Ethnic origin, n (%) Caucasian • Asian • • African • Other	137 (93.3) 0 7 (4.8) 2 (1.4)	101 (84.9) 3 (2.5) 10 (8.4) 5 (4.2)	0.9
	Smoker use, n (%) Never • • Current user • Previous user	73 (49.3) 23 (15.6) 52 (35.1)	69 (58.5) 15 (12.7) 34 (28.8)	0.33
	Prior uterine surgery, n (%)	7 (4.7)	4 (3.4)	0.57
	Gravidity, n (%) 0 • 1 • • 2 and more	104 (70.3) 28 (18.9) 16 (10.8)	85 (71.4) 17 (14.3) 17 (14.3)	0.47
	Parity, n (%) • 0 1 • • 2 and more	128 (86.5) 10 (6.8) 10 (6.8)	98 (82.4) 11 (9.2) 10 (8.4)	0.64
	Regular menstrual cycle, n (%) • Always regular Often regular • • Never regular	120 (81.1) 4 (2.7) 24 (16.2)	90 (76.3) 5 (4.3) 23 (19.5)	0.59
	Oral contraceptive treatment, n (%) • Never Current user • • Previous user	24 (16.2) 94 (63.5) 30 (20.3)	31 (26.3) 44 (37.3) 43 (36.4)	< 0.01
	Infertility, n (%)	41 (27.7)	9 (7.6)	< 0.01
	•	Primary	32 (21.6)	7 (5.9)	
	•	Secondary	9 (6.1)	2 (1.7)	< 0.01
	Length of infertility (months) a	40.7 ± 37.8	28.3 ± 14.2	< 0.01
	Pelvic painful symptoms, n (%)	105 (70.9)	53 (44.9)	< 0.01
	Length of pelvic pain (months) a	30.8 ± 42.3	14.4 ± 23.8	0.01
	Painful symptoms (mean VAS scores) a Dysmenorrhea • • Deep dyspareunia Non-cyclic chronic pelvic pain • • Gastrointestinal symptoms b • Lower urinary tract symptoms c	6.3 ± 2.7 3.2 ± 3.2 2.5 ± 3.0 2.7 ± 3.4 0.2 ± 1.1	3.7 ± 3.2 1.5 ± 2.7 1.5 ± 2.6 0.5 ± 1.6 0	< 0.001 < 0.001 < 0.001 < 0.001 < 0.001
	Bilateral ovarian cyst, n (%)	34 (23.0)	14 (11.8)	0.01
	Mean ovarian cyst size (cm)	4.3 ± 2.5 [1 to 21]	4.5 ± 2.7 [1 to 20]	0.53
	Ovarian cyst ≥ 5 cm, n (%)	51 (34.5)	48 (40.3)	0.32
	VAS: visual analogue scale			
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