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Background and Aim

Anogenital distance (AGD) can serve as a life-long indicator of androgen action in gestational weeks 8–14. AGD has been used as an important tool to investigate the exposure to endocrine-disrupting compounds in newborns and in individuals with male reproductive disorder. Endometriosis and polycystic ovary syndrome (PCOS) are two common gynecological disorders and both are related to prenatal androgen levels. Therefore, we performed a systematic review to evaluate the relationships of AGD with these gynecological disorders.



Methods

PubMed, Web of Science, and Embase were searched for published studies up to January 25, 2021. No language restriction was implemented.



Results

Ten studies were included in this review. Five focused on women with endometriosis, and six investigated women with PCOS. According to these studies, PCOS patients had longer AGD than controls, while endometriosis patients had shorter AGD than controls. In conclusion, this study provides a detailed and accurate review of the associations of AGD with endometriosis and PCOS.



Conclusion

The current findings indicate the longer AGD was related to PCOS and shorter AGD was related to endometriosis. However, further well-designed studies are needed to corroborate the current findings.
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Introduction

Anogenital distance (AGD) is defined as the distance between the anus and genital tubercle in fetuses. AGDAC and AGDAF are defined as the distance from the anterior clitoral surface or posterior fourchette, respectively, to the upper/center verge of the anus. Initially, the development of external genitalia in mammals is morphologically indistinguishable between male (XY) and female (XX) fetuses. The later differences depend on whether the Y-chromosomal gene Sry is expressed. Testes develop in male fetuses, which causes testosterone to be produced by Leydig cells. The only testosterone in female fetuses comes from the fetal adrenal glands and the maternal adrenal glands, ovaries, and adipose tissue. Androgen affects the development of the perineal tissue, increasing the distance between the anus and genital tubercle (1). Therefore, AGD can serve as a life-long indicator of androgen action in gestational weeks 8–14, which is known as the masculinization programming window (MPW) (2). Generally, boys have a longer AGD than girls, with an ~2-fold difference up to 24–30 months of age. Although there is a lack of statistical evidence on this male–female difference before and during adolescence, the difference has been shown to be maintained throughout adulthood. The difference has been observed in first-trimester fetuses by transabdominal ultrasound, and a shorter AGD in male fetuses indicates diseases associated with testicular dysplasia syndrome (3–5). According to rodent models and human data, the AGD of an individual changes as their body grows (6).

AGD has been used as an important tool for investigating exposure to endocrine-disrupting compounds in newborns and in individuals with male reproductive disorders. In male fetuses, AGD is regulated by dihydrotestosterone activation of androgen receptors. However, the regulatory mechanism in female fetuses is unclear; in addition to the influence of androgen receptors, the mechanism may be related to estrogen and progesterone (1). AGD is associated with several congenital disorders of male reproductive development (such as cryptorchidism and hypospadias) and other disorders that emerge in adulthood (such as low sperm count and prostate cancer) (7–9). The effectiveness of AGD as a biomarker or predictor of disease in females has not yet been confirmed, but several recent studies have provided strong evidence for this.

Endometriosis is a common benign gynecological disorder that is characterized by chronic pelvic pain, dysmenorrhea, and/or infertility. It affects ~5–10% of women in their reproductive years. It is defined as the growth of functional endometrium-like tissues outside of the uterine cavity (especially in the pelvic cavity), affecting the pelvic organs, uterosacral ligaments, pouch of Douglas, and distant organs such as the lungs and brain (10). The most accurate diagnostic method for endometriosis is laparoscopy with histology. However, the requirement for invasive diagnostic methods and/or the relatively highly prevalent but nonspecific clinical symptoms delays diagnosis. According to a multicenter study, there was a mean delay of 6.7 years, leading to financial loss and psychological distress (11). Transvaginal ultrasonography along with taking a medical history is the first-line approach for investigating pelvic endometriosis in the clinic. However, this relies on the skill of the sonographer and is unreliable if the peritoneal endometriosis lesions are small (12). Endometriosis is a hormone-dependent disorder, and exposure to estrogen and anti-androgen endocrine disruptors have been reported to significantly increase the risk of its occurrence. Endometriosis may be related to relatively low prenatal and postnatal testosterone levels, which may disrupt hypothalamic–pituitary–ovarian (HPO) axis development (13). Moreover, it has recently been hypothesized that decreased AGD is linked to endometriosis via the gut–genital microbiota and resultant subclinical infections (14). Adding AGD to the endometriosis diagnostic strategy may help to shorten the diagnostic delay.

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in reproductive-aged women, affecting 5–20% of women worldwide. The condition is characterized by hyperandrogenism, ovulatory dysfunction, and polycystic ovary morphology (15). PCOS is a complex disorder caused by a variety of environmental and genetic factors including high prenatal androgen exposure. Animal models have shown that prenatal androgenization can produce PCOS-like phenotypes, which include excessive luteinizing hormone (LH) and metabolic abnormalities, along with hyperandrogenism, oligoovulation, and polyfollicular ovaries (16, 17). It has also been clinically observed that women with congenital adrenal hyperplasia are more likely to experience PCOS during adulthood, despite treatments that normalize androgen excess after birth (18).

Hormones represent common risk factors for both endometriosis and PCOS, but their hormonal characteristics are very different. Endometriosis patients had lower LH relative to follicle-stimulating hormone (FSH), higher sex hormone-binding globulin (SHBG), higher serum oxytocin, lower serum testosterone, and lower anti-Müllerian hormone (AMH). However, PCOS patients had higher LH relative to FSH, lower SHBG, lower serum oxytocin, higher serum testosterone, and higher AMH. These differences indicate that the two disorders may have opposite causes, as is the case with osteoporosis and osteoarthritis, preeclampsia and postpartum hemorrhage, and cancer and neurodegeneration (13). Moreover, in PCOS patients, a longer AGD is associated with higher prenatal androgen exposure, and endometriosis patients have been reported to have a shorter AGD than controls, raising the possibility that prenatal androgen levels are related to the development of both PCOS and endometriosis.

In summary, endometriosis and PCOS are two common gynecological disorders that may be influenced by hormone levels. Recent studies have investigated whether AGD is a clinical biomarker of endometriosis and/or PCOS. We systematically reviewed published studies on the associations of AGD with these gynecological disorders in order to synthesize the results.



Methods


Search Strategy

A systematic review of studies was performed by conducting an electronic search of the literature published up to January 25, 2021 in PubMed, Web of Science, and Embase. In PubMed, the search strategy was: ((anogenital distance[Title/Abstract]) OR (AGD[Title/Abstract])) OR (anal genital distance[Title/Abstract]). In Web of Science, the search strategy was: (anogenital distance or AGD or anal genital distance) using a topic search. In Embase, the search strategy was: ‘anogenital distance’:ab,ti OR agd:ab,ti OR ‘anal genital distance’:ab,ti. The search results were downloaded to EndNote X9.3.2 (Thomson Corporation Corp, Stanford, CT, USA) to merge the references and remove duplicates.



Study Selection

Article screening and eligibility evaluation was conducted following the 2009 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. At the first level of screening (based on the title and abstract), we included all human studies that investigated gynecological disorders (i.e., endometriosis and PCOS) that have been reported to be related to AGD. We obtained the full-text articles of all titles that satisfied these inclusion criteria. At the second level of screening, we included only original empirical research studies that evaluated whether AGD was associated with endometriosis and/or PCOS in adult females. 



Data Extraction

We extracted the following information from each study: first author, year, country, study design, number of patients enrolled, AGDAC and AGDAF (distance from anterior clitoral surface or posterior fourchette, respectively, to upper/center verge of the anus, in mm), and results. No statistical quantitative meta-analysis was performed due to study heterogeneity.




Results

The search resulted in a total of 5,064 journal articles. After we removed the duplicates, 2,480 potentially relevant articles remained. Of these, 374 were excluded based on the title and abstract, leaving 23 that were assessed for eligibility based on the full-text articles. Ten studies met the eligibility criteria. Hence, these studies were included in this systematic review (Figure 1). Five focused on women with endometriosis, and six investigated women with PCOS.




Figure 1 | PRISMA 2009 flow diagram.




AGD Measurements

The included studies measured AGDAC (distance from anterior clitoral surface to upper/center verge of the anus) and/or AGDAF (distance from posterior fourchette to upper/center verge of the anus).



Association of AGD With Endometriosis

Three studies were conducted by a single research group in Spain. In these studies, endometriosis diagnosis was based on medical history and transvaginal ultrasound, and patients were divided into endometrioma and deep infiltration endometriosis (DIE) subgroups (19, 20) (Table 1, Supplementary Material). In the endometrioma subgroup, AGDAF was significantly decreased compared to in healthy controls. In the DIE subgroup, both AGDAF and AGDAC were significantly decreased compared to in healthy controls. Thus, in general, decreased AGDAF was associated with endometriosis. Regardless of whether the analysis was adjusted for age and BMI or age, BMI, vaginal delivery, and episiotomy, AGDAF was more strongly associated with DIE than endometriomas. In terms of diagnostic accuracy, AGDAF was a better indicator than AGDAC, especially for DIE. Regarding DIE diagnosis, the area under the receiver operating characteristic curve (AUC) of AGDAF (with an optimal cut-off of 20.9 mm) was 0.91, achieving a sensitivity of 84.4% and a specificity of 91.4%.


Table 1 | Studies evaluating anogenital distance in women with endometriosis.



Another Spanish study by the same research group found that endometriosis patients had significantly decreased AGDAF compared to healthy controls. Due to the small sample size of DIE patients, the study only discussed the diagnostic accuracy of AGDAF in endometrioma, which was relatively poor even in combination with AMH (22).

Crestani et al. conducted a study in France that diagnosed endometriosis patients using laparoscopy and histology. They found that endometriosis patients had a significantly decreased AGDAF compared to non-endometriosis controls. There were no differences in mean AGDAC or AGDAF between endometriosis patients with and without endometriomas or DIE. Mean AGDAC or AGDAF were not significantly different between patients with different revised American Society for Reproductive Medicine (r-ASRM) endometriosis classifications or Enzian scores. Mean AGDAC and AGDAF were also not associated with endometriosis severity or site of occurrence (23). As a diagnostic indicator of endometriosis, the accuracy of AGDAF (at a cut-off of 20 mm) was higher (AUC of 0.84, with a specificity and sensitivity of 98.6 and 30.6%) than that of AGDAC (AUC of 0.756).

In 2020, Peters et al. conducted a study in the Netherlands that included only endometriosis patients with DIE or r-ASRM ≥3. They found that AGDAC was reduced in these endometriosis patients compared to healthy controls, regardless of adjustment for BMI and age (24).



Association of AGD With PCOS

The inclusion criteria for the PCOS patients in the following studies were mainly based on the Rotterdam criteria (25).

In 2017, Wu et al. conducted a study in China and found that AGDAF and AGDAC were longer in PCOS patients than healthy controls, and AGDAF was more significantly associated with PCOS than AGDAC (26) (Table 2, Supplementary Material). Patients who had undergone vaginal delivery were excluded from the study, and adjustments for age and BMI were conducted. Moreover, in PCOS patients, higher testosterone was positively associated with longer AGDAF and AGDAC. High LH and the presence of polycystic ovaries were also positively associated with longer AGDAF. Furthermore, in the healthy controls, there was also an association between testosterone and AGDAF.


Table 2 | Studies evaluating anogenital distance in women with polycystic ovary syndrome.



The Spanish team working on endometriosis also conducted three studies related to PCOS (21, 27, 28). The endometriosis groups included patients who had undergone vaginal delivery and/or episiotomy. AGDAC and AGDAF were longer in PCOS patients than healthy controls, but after adjusting for BMI, age, and episiotomy, only AGDAC remained significant. AGDAC was associated with all PCOS phenotypes and with severity. The AUC for AGDAC (using the optimal cut-off of 81.9 mm) for all PCOS phenotypes was 0.61, achieving a poor sensitivity and specificity even after adding AMH (high AMH is helpful in the identification of PCOS because it can be considered an unbiased marker of polycystic ovaries).

Simsir et al. conducted a study in Turkey and found that AGDAC and AGDAF were longer in PCOS patients than healthy controls, but not significantly (29). The study indicated that it was more meaningful to use the ratio of AGDAC to AGDAF.

The study conducted by Peters et al. in the Netherlands found that AGDAC was longer in PCOS patients than healthy controls in the unadjusted analysis, but there was no significant difference after adjusting for BMI and age (24). In the PCOS group, a significant positive association was found between biochemical hyperandrogenemia and AGDAC, but not AGDAF.




Discussion

This systematic review provides a summary of the literature assessing the associations of AGD with gynecological disorders. To our knowledge, the only other review on this relationship is a narrative literature review by Buggio et al. (30). However, several recent studies have reported evidence that supports the hypothesized associations of AGD with gynecological disorders, which prompted us to summarize the findings in a systematic review.

In the included studies, although there was no significance in some studies and the significance of the two AGD measurements were inconsistent in many studies, it was generally found that the AGD of PCOS patients was longer than that in controls, while the AGD of endometriosis patients was shorter compared to that in controls. There are several sample-specific limitations with these studies that include, but are not limited to the small sample size, representation of the cases to reflect a true patient population and different data processing. The Spanish studies included women who had given birth vaginally and/or had an episiotomy (19–22, 27, 28). The data from the Turkish study by Simsir et al. was not adjusted for BMI, even though the BMI was significantly different between the PCOS and control groups (29). Only the endometriosis patients in the study by Crestani et al. were comprehensively diagnosed using laparoscopy and histology (23). Therefore, we believe that more studies are needed to exclude the effects of vaginal delivery and episiotomy, and to adjust for age, BMI or other body measurements.

Although the causes of endometriosis remain largely unknown, it seems to have a multifactor etiology, involving oxidative stress, inflammatory factors and cytokines, genetics, and hormones (31). The development of the female reproductive system begins with a sex difference in the expression of the Sry gene, followed by the development of the HPO axis, at which point the influence of prenatal androgens is important. The abnormal hormones in PCOS patients suggest that changes in the HPO axis are induced by relatively high prenatal testosterone. However, the opposite hormonal changes in endometriosis patients compared to PCOS patients indicate that relatively low prenatal androgen levels are involved in endometriosis.

The breakdown of endometrium during menstruation is a highly inflammatory process, and high estradiol and low testosterone increase the likelihood of widespread inflammation in ectopic endometrial cells. The more extreme menstrual characteristics in endometriosis (especially regarding menstrual volume) are thought to increase retrograde flow. Additionally, when prenatal testosterone is low, migration and differentiation of Müller stem cells may occur more easily (13). These findings reinforce the two major hypotheses related to endometriosis. The first hypothesis involves the reflux of endometrial cells into the peritoneal cavity during menstruation, which was proposed by Sampson. The second hypothesis involves the ectopic endometrial cells being derived from the migration and differentiation of Müllerian duct cells during early uterine development (32, 33).

In addition, increasing numbers of studies suggest that the three main phenotypes of endometriosis, namely, ovarian, peritoneal, and DIE, should be considered as different diseases, because the gene expression in these ectopic endometrial tissues varies greatly, which may indicate different etiological mechanisms. HOX genes are responsible for assigning identity to undifferentiated tissues and they exhibit a well-organized spatiotemporal expression pattern during embryogenesis and adulthood. Specifically, HOXA10 regulates the conversion from embryonic to endometrial tissue. HOXA10 was abnormally expressed in ectopic endometrial tissues and had different expression patterns in different phenotypes of endometriosis. Estrogen, progesterone, and testosterone are known modulators of HOXA10 levels. HOXA10, estrogen receptor α, and progesterone receptor are highly expressed in rectosigmoid endometriosis lesions, which are characteristic lesions of DIE. In contrast, these factors are downregulated in the ectopic endometrial tissues in the ovaries and peritoneum (34).

Through endometrial biopsies, the expression of HOXA10 in PCOS patients was downregulated. HOXA10 expression was inhibited by testosterone in vitro, which also prevented the abovementioned HOXA10 upregulation induced by estradiol or progesterone. However, previous studies regarded HOXA10 downregulation as endometrial dysfunction, leading to reduced endometrial receptivity and reduced reproductive potential in PCOS patients (35). Knocking out HOXA10 in male mice caused cryptorchidism, and a similar HOXA10 deletion was found in a sample of patients with cryptorchidism, albeit in a very small sample (36, 37). Patients with cryptorchidism had shorter AGD and cryptorchidism was associated with low prenatal androgen exposure. This suggested that HOXA10 may be involved in the pathogenesis of endometriosis and PCOS induced by prenatal androgen levels, increasing the possibility that AGD can be used as a predictive and diagnostic indicator for both disorders.

Our systematic review results support the hypothesis that a shortened AGD increases the risk of fecal microbial contamination of the vulva and vagina, resulting in a cervicovaginal microbial imbalance, a subclinical inflammatory response, and then endometriosis (14). Khan et al. found elevated levels of Escherichia coli in the menstrual blood of endometriosis patients, suggesting that elevated endotoxin in the peritoneal fluid may promote endometriosis progression via Toll-like receptor (TLR)-4 (38). None of these factors have been definitively shown to have a cause–effect relationship with endometriosis, so it is reasonable to explore additional potential risk factors.

The exact changes in AGD over a woman’s lifetime are unknown, due to the lack of data on pubertal measurements (6). However, based on the available data, we can conclude that AGD remains stable during the menstrual cycle and before and after natural pregnancy (with the exception of vaginal delivery and/or episiotomy) during reproductive age, and then decreases somewhat after menopause (39–41). In some studies of AGD in newborns and adults, the data were adjusted for physical measures such as height, weight, and BMI to control for potential confounding.

Hyperandrogenism is persistent in some types of PCOS. Both the late-trimester fetuses and newborns of women with PCOS had longer AGD, due to the high prenatal androgen exposure (42, 43). Animal models showed that diethylstilbestrol (synthetic estrogen) administration in adult male rats reversibly reduced the AGD by ~11%, while castrated rats exhibited an irreversible reduction of AGD by ~17% (44). Male rats with gonadal impairment at birth followed by testosterone treatment exhibited elongated AGD (45). Accordingly, the testosterone level was positively associated with AGD in adult women in the included studies conducted by Wu et al., though this was not confirmed by the included study conducted by Peters et al. and the Spanish study group (21, 24, 26). AGD may be affected not only by intrauterine androgen exposure but also by postnatal hormones, i.e., prenatal androgen exposure may initially dictate the AGD, but postnatal androgen exposure may be required for AGD to grow to the preplanned size (46).

Hyperandrogenism is also a diagnostic criterion for PCOS in adolescents (47). Genotype–phenotype correlation studies in both Han Chinese and European PCOS patients demonstrated that DENND1A was a risk allele for androgen excess (48, 49). Although androgen is produced by the ovaries and adrenal glands in women, the hyperandrogenism observed in PCOS is mainly due to enhanced androgen synthesis by follicular theca cells (15). Thus, the longer AGD in PCOS patients may also be affected by the persistent influence of androgens after puberty.

In addition to endometriosis and PCOS, other disorders and characteristics of the female reproductive system were mentioned in previous studies. Sánchez-Ferrer et al. compared the diagnostic use of AGD and Pelvic Organ Prolapse Questionnaire scores for identifying pelvic organ prolapse (50). Other researchers described the relationships between AGD and female reproductive health in terms of ovarian follicle number, ovarian response after controlled ovarian stimulation for in vitro fertilization, and outcomes of infertility treatment (51–53).

The current most urgent task is to measure the AGD of a large number of adolescent females of different ethnicities in order to establish a baseline for AGD in the general population. Additionally, determining which body measurements should be adjusted for in the comparison of patient groups and healthy controls and which developmental period AGD should be measured in to optimize its diagnostic value would be highly useful. Wainstock et al. conducted a 17-year prospective study and published it in 2019, but they only found that women with short AGD were more likely to develop gynecological disorders without specific disease (54). Further prospective studies on gynecological disorders are underway. Additionally, AGD has poor diagnostic accuracy for both endometriosis and PCOS, so searching for an appropriate combination of markers to improve the accuracy is another important task for the future.

This study systematically reviewed the literature on the relationships of AGD with two gynecological disorders: endometriosis and PCOS. This review provides a comprehensive summary of the findings and methods of the included studies. The findings and methods of the included studies are somewhat heterogeneous. The review itself also has limitations. There may be other studies that were not identified, as we found only 10 eligible studies. The included studies also had a lack of patients diagnosed based on histology.

In conclusion, this review determined the relationships of AGD with two gynecological disorders: endometriosis and PCOS. AGD was longer in PCOS patients than controls, and AGD is closely related to hyperandrogenemia. In contrast, compared to controls, AGD was shorter in patients with endometriosis, especially DIE. However, further studies are needed to verify our results, which may lead to the possibility of using AGD, a simple and noninvasive measurement, as a biomarker to help to diagnose these disorders.
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