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Ana I. Hernández-Peñalver3, Shiana Corbalán-Biyang3,
Ana Carmona-Barnosi3, Marı́a T. Prieto-Sánchez2,3,
Anı́bal Nieto2,3, and Alberto M. Torres-Cantero1,2,4,*
1Division of Preventive Medicine and Public Health, Department of Public Health Sciences, University of Murcia School of Medicine, 30100
Espinardo, Murcia, Spain 2Institute for Biomedical Research of Murcia, IMIB-Arrixaca, 30120 El Palmar,Murcia, Spain 3Department of Obstetrics &
Gynecology, ‘Virgen de la Arrixaca’ University Clinical Hospital, 30120 El Palmar, Murcia, Spain 4Department of Preventive Medicine, ‘Reina Sofia’
University General Hospital, 30003 Murcia, Murcia, Spain

*Correspondence address. Division of Preventive Medicine and Public Health, Department of Public Health Sciences, University of Murcia School
of Medicine, 30100 Espinardo, Murcia, Spain. Tel: +34-868884657; E-mail: amtorres@um.es

Submitted on February 4, 2016; resubmitted on May 30, 2016; accepted on June 3, 2016

study question: Is the length of the anogenital distance (AGD), a biomarker of the in-utero prenatal hormonal environment, associated
with the presence of endometriomas and deep infiltrating endometriosis (DIE)?

summary answer: Shorter AGD is associated with presence of endometriomas and DIE.

what is known already: It is debated whether hormonal exposure to estrogens in utero may be a risk factor for endometriosis in
adulthood. AGD is a biomarker of prenatal hormonal environment and observational studies have shown an association between AGD and
reproductive parameters in both sexes.

study design, size, duration: This case–control study of 114 women with endometriosis (endometriomas and/or DIE) and 105
controls was conducted between September 2014 and May 2015.

participants/materials, setting, methods: Cases were attending the Endometriosis Unit of the Hospital. Prevalent as well
as incident cases, diagnosed by transvaginal ultrasound (TVUS), were included. Controls were women without endometriosis attending the gyne-
cological outpatient clinic for routine gynecological exams. Participants completed health questionnaires, followed physical and gynecological
examinations, including TVUS. Measurements from the anterior clitoral surface to the upper verge of the anus (AGDAC), and from the posterior
fourchette to the upper verge of the anus (AGDAF) were obtained in all subjects. Unconditional multiple logistic regression was used to estimate
the association between AGD measurements and presence of endometriomas and/or DIE while accounting for important confounders and
covariates, including age, body mass index, vaginal delivery or episiotomy.

main results and the role of chance: AGDAF was related to presence of endometriomas and/or DIE. For all cases of endo-
metriosis (endometriomas and DIE), women in the lowest tertile of the AGDAF distribution, compared with the upper tertile, were 7.6-times
(95% CI 2.8–21.0; P-trend , 0.001) more likely to have endometriosis. With regard to DIE, women with AGDAF below the median, compared
with those with AGDAF above the median, were 41.6-times (95% CI 3.9–438; P-value ¼ 0.002) more likely to have endometriosis.
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limitations, reasons for caution: In case–control studies, information and selection bias has to be ruled out. Physicians con-
ducting the measurement were blind to the status of the patients. Controls came from the same population as the cases. We adjusted for known
and suspected confounders and covariates, but the possibility of residual confounding or chance findings should always be considered. As with all
observational studies, causal inference is limited.

wider implications of the findings: This study suggests that endometriosis, especially the DIE, might have a prenatal origin that
may be traced back to the hormonal milieu in which the fetus develops.

study funding/competing interest: This work was supported by the Ministry of Economy and Competitiveness, ISCIII (AES),
grant no. PI13/01237 and the Seneca Foundation, Murcia Regional Agency of Science and Technology, grant no. 19443/PI/14. The authors have
no competing interests to declare.

trial registration number: Not applicable.
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Introduction
Endometriosis is a chronic estrogen-dependent disease characterized by
endometrial glands and stroma outside the uterus, often in the peritoneal
cavity (Vercellini et al., 2014), with an estimated prevalence of about 10%,
and affecting 4–30% of women during their reproductive years (Leibson
et al., 2004; Buck Louis et al., 2011b). Women present chronic pelvic
pain, dysmenorrhea, dyspareunia or infertility (Mahmood et al., 1991;
Denny and Mann, 2007), that can be incapacitating and can negatively
affect their quality of life (Jones et al., 2004).

Intrauterine etiology and early-life influences are one of the etiological
hypotheses being investigated for endometriosis (Missmer et al., 2004;
Hediger et al., 2005; Buck Louis et al., 2007, 2013; Rizner, 2009; Somigli-
ana et al., 2011; Wolff et al., 2013; Ferrero et al., 2014; Upson et al., 2015;
Vannuccini et al., 2016).

Anogenital distance (AGD) is a sexually dimorphic feature, which is
almost twice as long in males than in females, and a biomarker of prenatal
hormonal environment (Greenham and Greenham, 1977; Kurzrock et al.,
2000). In observational studies, AGD is a biomarker of prenatal exposure
to endocrine disruptors (Swan et al., 2005, 2015; Bornehag et al., 2015)
and androgens during the formation of the reproductive system (Dean
and Sharpe, 2013; Jain and Singal, 2013). Prenatal exposure to stressful
life events result in a longer (more masculine) AGD in infant girls
(Barrett et al., 2013), while exposure to anti-androgens results in a
shorter (more feminine) AGD in infant males (Swan et al., 2005, 2015).
In adult women, AGD length is associated with female reproductive func-
tion (Mendiola et al., 2012; Mira-Escolano et al., 2014a,b; Barrett et al.,
2015). We hypothesize that a prenatal estrogenic environment resulting
in relatively shorter AGD will be associated with higher endometriosis
risk. The aim of this study was to assess the relationship between AGD
measurements, as a biomarker of intrautero hormonal milieu, and the
presence of endometriomas and deep infiltrating endometriosis (DIE) in
adulthood.

Materials and Methods

Study population
This case–control study conducted from September 2014 to May 2015 at
the Department of Obstetrics and Gynecology of the University Hospital
‘Virgen de la Arrixaca’ in the Murcia Region (Spain). Patients were excluded

from the study if they were pregnant, or having with oncological treatment or
genitourinary prolapse. The age range was 18–50 years of age. Cases (n ¼
114) were women attending the Endometriosis Unit of the Hospital, and
included prevalent and newly diagnosed cases. Diagnoses were established
by medical history, and confirmed by ultrasounds [e.g. endometriotic cyst
(endometriomas) or DIE] (Eskenazi et al., 2001; Abrao et al., 2007; Hsu
et al., 2010; Somigliana et al., 2010; Johnson and Hummelshoj, 2013; Vercel-
lini et al., 2014). Deep endometriosis was defined as endometriosis infiltrating
the peritoneum by .5 mm. Therefore, women with endometriosis were
further classified as endometriomas (n ¼ 82) and DIE (n ¼ 32) using symp-
toms, signs and ultrasound findings. When a patient presented both types of
endometriosis (DIE and endometriomas), she was classified as DIE. Controls
were women without endometriosis attending the gynecological outpatient
clinic for routine exams (n ¼ 105). Nine controls reported clinical symptoms
compatiblewith endometriosis but the diagnosis was not confirmed by trans-
vaginal ultrasound (TVUS). Written informed consent was obtained from all
subjects. This study was approved by the Ethics Research Committee of the
University of Murcia.

Gynecological history and physical
examination
Cases and controls were interviewed in-person by gynecologists. All partici-
pants completed health questionnaires, gynecological and obstetrical histor-
ies, and underwent a gynecological examination including TVUS at a
scheduled clinical visit. A visual analog scale (0 to 10) was used to measure
endometriosis-associated pelvic pain (dysmenorrhea, chronic pelvic pain,
dyspareunia, dysuria and dyschezia) at the time of the exam (Vincent et al.,
2010). Height and weight were measured using a digital scale (Tanita SC
330-S, London, UK). Uterine and ovarian morphology were evaluated with
TVUS (Voluson E-8w and 4–9 MHz transducer; General Electric Healthcare,
USA). All women having disease were diagnosed by 2D, but for DIE cases, 3D
was also used (30% of cases). Two gynecologists using the same method-
ology performed all clinical evaluations.

Anogenital measurements
Women lay in the lithotomy position with thighs at 458 to the examination
table. Using a digital caliper (Stainless Steel Digital Caliper, VWRw Inter-
national, LLC, West Chester, PA, USA), AGDAC was measured from the
anterior clitoral surface to the upper verge of the anus, and AGDAF from
the posterior fourchette to the upper verge of the anus (Fig. 1). Two gyne-
cologists unaware of the patient’ gynecological status measured each dis-
tance three times. Average values of the six measurements were used in
the analyses.
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Statistical analyses
Descriptive statistics are presented using raw data. Continuous variables
were compared using unpaired Student T tests, and categorical variables
were compared with x2 tests. Unconditional multiple logistic regression
was used to explore the association between presence of endometriosis
(endometriomas and/or DEI) (yes/no) and AGD (in tertiles from the
whole distribution of cases and controls, with the highest tertile as reference
category) using odds ratios (OR). Age (years) and BMI (kg/m2) were included
as potential confounders in the model, and vaginal delivery and episiotomy
were included as covariates as they may affect AGD. Tests for trend in the
ORs across exposure strata for AGD measures were calculated using logistic
models that included categorical terms as continuous variables. Coefficients
of variation (%CV) were used to assess intra- and inter-examiner variability in
AGD measurements. All tests were two-tailed at 0.05 significance level. Ana-
lyses were conducted with IBM SPSS 20.0 (IBM Corporation, Armonk,
New York, USA).

Results
For the whole population, cases were older and had had more birth de-
liveries than controls, but were similar for other demographic and life-
style factors (Table I). AGDAC and AGDAF had normal distributions,
were correlated [Pearson correlation (r) ¼ 0.52, P , 0.001] and had a
positive association with BMI (P-values , 0.01). Intra- and inter-
examiner CV were 5% and 10% for AGDAF and AGDAC, respectively.
Intraclass correlation coefficients were above 0.95 for both AGD mea-
surements. Cases showed significantly shorter AGDAF compared with
controls.

Table II presents AGD measurements in tertiles (or by median for
DIE) and ORs. AGDAF, but not AGDAC, was related to presence of
endometriomas and/or DIE (P-values, ,0.001–0.04) in the adjusted
models. For all cases of endometriosis (endometriomas and DIE),
women with AGDAF in the lowest compared with the upper tertile
were 7.6-times (95% CI 2.8–21.0; P-trend , 0.001) more likely to
have endometriosis (Fig. 2). The strength of the association decreased

when the analysis was restricted to women with endometriomas (OR
3.5, 95% CI 1.3–9.4; P-trend , 0.05). Women with DEI and AGDAF

below the median were 41.6 times (95% CI 3.9–438; P-value ¼
0.002) more likely to have endometriosis than those above the median.

Discussion
We found a strong association between AGDAF and presence of endo-
metriomas and DIE, suggesting that the intrauterine hormonal milieu
during prenatal life may play an important role in the development of
endometriosis.

An increased rate of endometriosis was described in women prenatal-
ly exposed to diethylstilbestrol (Missmer et al., 2004), and women who
were regularly fed soy formula as infants were shown to have more than
twice the risk of endometriosis compared with unexposed women
(Upson et al., 2015).

It has been long argued that endometriosis, an estrogen-dependent
disease, may have an intrauterine etiology (Missmer et al., 2004;
Hediger et al., 2005; Buck Louis et al., 2007, 2013; Rizner, 2009). The de-
velopment of the uterine endometrial gland begins in utero and is com-
pleted in puberty (Gray et al., 2001). Early hormonal signaling
disruptions may result in altered morphology and function from very
early on. Evidence of endometriosis has been found in the autopsies of
female human fetuses at various gestational ages (Signorile et al., 2010,
2012). In our study, we were not able to measure specific exposures
in utero but prenatal exposure to monobutyl phthalate in amniotic fluid
has been inversely correlated with the anogenital index in female
infants (Huang et al., 2009).

Few studies have explored AGD in women. A longer AGD has been
related to higher ovarian follicular number (Mendiola et al., 2012) and to
higher testosterone levels (Mira-Escolano et al., 2014b). Moreover,
longer AGDAF in young women is associated with irregularities in their
mother’s menstrual cycle before pregnancy (Mira-Escolano et al.,
2014a), suggesting that the prenatal environment mayexert a long-lasting
influence in the reproductive tract of female offspring. An altered female
AGD may also be an important biomarker of the human ovarian dysgen-
esis syndrome (Buck Louis et al., 2011a).

The current study showed significant associations with the presence of
endometriomas and DIE for AGDAF, but not for AGDAC. There is not a
clear interpretation for this difference at the moment. Similarly, almost all
studies have reported associations for the short (equivalent) measure-
ment (anus-scrotum) in males (Eisenberg et al., 2011; Mendiola et al.,
2011) and females (Mira-Escolano et al., 2014b). However, it might be
interesting and useful to take both measures, until a significant body of
normative data has been accumulated in adults.

Selection and measurement bias has to be considered. Controls were
patients attending the public hospital in the same period, and they stem
from the same population from which cases emerged. Although TVUS
cannot replace surgery for the diagnosis of noninvasive endometriosis
(Nisenblat et al., 2016), TVUS has a relatively high values for sensitivity
(93%) and specificity (96%) for endometriomas. Nonetheless, misclassi-
fication of disease status may have occurred, but, if present, it would con-
tribute to underestimating the true magnitude of the association. AGD
measures were performed by two gynecologists that were not
members of the endometriosis unit and were unaware of the patient’s
status.

Figure 1 Landmarks for two measurements of anogenital distance
(AGD): AGDAC, from the anterior clitoral surface to the upper verge
of the anus (left) and AGDAF, from the posterior fourchette to the
upper verge of the anus (right).
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AGD is an anthropometric measurement that for what is known
(Thankamony et al., 2009) may be stable across the lifespan of an individ-
ual. Therefore, the status of the case, prevalent versus incident, should
not affect the relationship between AGD and presence of endometrio-
mas and/or DIE. Recently, it has been reported that AGD in adult rats
displays a certain degree of plasticity, which may be mediated by modu-
lation of local androgen/estrogen activities (Mitchell et al., 2015).

However, it has also been shown that AGD is stable across the
women’s menstrual cycle (Barrett et al., 2015).

In conclusion, our results provide the first evidence of a strong associ-
ation between a biomarker of hormonal prenatal environment in women
and the presence of endometriomas and DIE. Nevertheless, we are cau-
tious in interpreting the results of the associations between AGDAF and
DIE, due to the unstable estimates of these relationships. Our results, if
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.............................................................................................................................................................
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.............................................................................................................................................................................................

Table II Odds ratio (OR) for cases of endometriomas and deep infiltrating endometriosis (DIE) versus controls according to
tertiles of AGD measures, taking the third tertile as a reference or divided by the median (for DIE).

All endometriosis (n 5 114) versus controls (n 5 105)

AGD in tertiles
(median for each
tertile)

Cases Controls Odds ratioa

(95% CI)
P-trend Odds ratiob

(95% CI)
P-trend Odds ratioc

(95% CI)
P-trend

AGDAF

3rd (31.1 mm) 26 48 1.0 (reference) 1.0 (reference) 1.0 (reference)

2nd (24.8 mm) 34 38 1.7 (0.9–3.2) 2.3 (1.1–5.2) 1.8 (0.71–4.4)

1st (19.7 mm) 54 19 5.2 (2.6–10.7) ,0.001 6.7 (2.6–16.9) ,0.001 7.6 (2.8–21.0) ,0.001

AGDAC

3rd (86.1 mm) 37 36 1.0 (reference) 1.0 (reference) 1.0 (reference)

2nd (73.6 mm) 36 37 0.95 (0.50–1.8) 1.3 (0.57–2.9) 1.9 (0.75–4.6)

1st (63.3 mm) 41 32 1.2 (0.65–2.4) 0.68 1.8 (0.77–4.0) 0.40 2.1 (0.82–5.2) 0.26

Endometriomas (n 5 82) versus controls (n 5 105)

AGD in tertiles
(median for each
tertile)

Cases Controls Odds ratioa

(95% CI)
P-trend Odds ratiob

(95% CI)
P-trend Odds ratioc

(95% CI)
P-trend

AGDAF

3rd (31.8 mm) 21 43 1.0 (reference) 1.0 (reference) 1.0 (reference)

2nd (25.5 mm) 26 35 1.5 (0.74–3.2) 2.1 (0.87–5.1) 1.7 (0.64–4.4)

1st (21.1 mm) 35 27 2.7 (1.3–5.5) 0.03 3.7 (1.5–9.3) 0.02 3.5 (1.3–9.4) 0.04

AGDAC

3rd (86.6 mm) 27 35 1.0 (reference) 1.0 (reference) 1.0 (reference)

2nd (74.3 mm) 27 36 0.97 (0.48–1.9) 1.6 (0.69–3.8) 2.0 (0.76–5.1)

1st (65.1 mm) 28 34 1.1 (0.53–2.2) 0.97 2.1 (0.88–5.2) 0.24 2.6 (0.96–7.2) 0.16

DIE (n 5 32) versus controls (n 5 105)

AGD divided by
median (median
for each group)

Cases Controls Odds ratioa

(95% CI)
P-value Odds ratiob

(95% CI)
P-value Odds ratioc

(95% CI)
P-value

AGDAF

2nd (30.1 mm) 3 65 1.0 (reference) 1.0 (reference) 1.0 (reference)

1st (20.6 mm) 29 40 15.7 (4.5–54.9) ,0.001 24.4 (4.1–146) ,0.001 41.6 (3.9–438) 0.002

AGDAC

2nd (81.2 mm) 12 56 1.0 (reference) 1.0 (reference) 1.0 (reference)

1st (67.5 mm) 20 49 1.9 (0.85–4.3) 0.12 2.9 (0.85–10.4) 0.09 2.6 (0.69–9.4) 0.15

AGDAF: Anogenital distance from the upper verge of the anus to the posterior fourchette.
AGDAC: Anogenital distance from the upper verge of the anus to the anterior clitoral surface.
aUnadjusted OR.
bOR adjusted by age and BMI.
cOR adjusted by age, BMI, vaginal delivery and episiotomy.
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confirmed, have important implications for endometriosis in terms of
prevention, clinical practice and future research.
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Vercellini P, Viganò P, Somigliana E, Fedele L. Endometriosis: pathogenesis
and treatment. Nat Rev Endocrinol 2014;10:261–275.

Vincent K, Kennedy S, Stratton P. Pain scoring in endometriosis: entry criteria
and outcome measures for clinical trials. Report from the Art and Science
of Endometriosis meeting. Fertil Steril 2010;93:62–67.

Wolf CJ, Hotchkiss A, Ostby JS, LeBlanc GA, Gray LE Jr. Effects of prenatal
testosterone propionate on the sexual development of male and female
rats: a dose–response study. Toxicol Sci 2002;65:71–86.

Wolff EF, Sun L, Hediger ML, Sundaram R, Peterson CM, Chen Z, Buck
Louis GM. In utero exposures and endometriosis: the Endometriosis,
Natural History, Disease, Outcome (ENDO) Study. Fertil Steril 2013;
99:790–795.

Wu XY, Li ZL, Wu CY, Liu YM, Lin H, Wang SH, Xiao WF. Endocrine traits of
polycystic ovary syndrome in prenatally androgenized female Sprague–
Dawley rats. Endocr J 2010;57:201–209.

Endometriosis and anogenital distance 2383


	01-DEW129_print
	02-oup_humrep_dew199_print
	Data collection systems in ART must follow the pace of change in clinical practice
	Introduction
	National and transnational data collection in ART
	Vigilance in ART
	The changing face of ART in a globalized world: fertility preservation and cross-border reproductive care
	New requirements in ART data collection
	Authors’ roles
	Funding
	Conflict of interest
	References


	03-oup_humrep_dew186_print
	Corticosteroid therapy in assisted reproduction – immune suppression is a faulty premise
	Introduction
	Peri-Implantation Glucocorticoid Therapy and IVF Outcomes
	Immune Cell Regulation of Uterine Receptivity and Embryo Implantation
	Corticosteroids and the Uterine Immune Response
	Influence on uterine NK cells
	Influence on DCs in the endometrium
	Influence on macrophages in the endometrium
	Influence on regulatory T cell in the endometrium
	Influence on endometrial angiogenesis
	Potential impact on immune adaptation for pregnancy

	Risk of Adverse Effects in Women and Infants
	Conclusion
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	04-DEW157_print
	05-oup_humrep_dew185_print
	Seminal plasma transforming growth factor-β, activin A and follistatin fluctuate within men over time
	Introduction
	Materials and Methods
	Ethics approval and study participants
	Seminal plasma collection
	Seminal plasma cytokine ELISAs
	Data analysis and statistics

	Results
	Within- and between-individual variation in semen parameters
	Within- and between-individual variation in TGFB1, TGFB2 and TGFB3
	Within- and between-individual variation in activin A and follistatin
	Impact of duration of abstinence and age on semen parameters and cytokines
	Relationship between cytokines and sperm parameters

	Discussion
	Supplementary data
	Authors’ roles
	Funding
	Conflict of interest
	References


	06-oup_humrep_dew211_print
	Specific immune cell and cytokine characteristics of human testicular germ cell neoplasia
	Introduction
	Material and methods
	Patients
	Histological evaluation of testicular biopsies
	Immunohistochemistry
	RNA extraction and quantitative real-time RT-PCR

	Results
	Inflammatory infiltrates in testis biopsies from infertile men with impaired spermatogenesis are mainly composed of T cells
	Inflammation associated with testicular neoplasia is not restricted to T cells, but comprises B cells and dendritic cells
	Cytokine expression in testicular neoplasia is dominated by a pro-inflammatory, B cell supporting, Th1-balanced profile

	Discussion
	Supplementary data
	Acknowledgements
	Author&#x2019;s roles
	Funding
	Conflict of interest
	References


	07-oup_humrep_dew202_print
	Classification of pregnancies of unknown location according to four different hCG-based protocols
	Introduction
	Materials and Methods
	Design
	Setting
	Patient selection and data collection
	Protocols
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Acknowledgements
	Authors&#x2019; roles
	Funding
	Conflicts of interest
	References


	08-oup_humrep_dew201_print
	Correlation between chromosomal distribution and embryonic findings on ultrasound in early pregnancy loss after IVF-embryo ...
	Introduction
	Materials and methods
	Results
	Discussion
	Supplementary data
	Acknowledgements
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	09-DEW156_print
	10-oup_humrep_dew188_print
	Development of a generally applicable morphokinetic algorithm capable of predicting the implantation potential of embryos t...
	Introduction
	Materials and Methods
	Data used for developing the KIDScore algorithm
	Methods for evaluating predictive power
	Methods used for developing the KIDScore algorithm
	Five-fold cross-validation
	Algorithm robustness with respect to incubation environment and fertilization method
	Data used for predicting blastocyst formation and quality
	Algorithms used for comparing capability to predict blastocyst formation and quality

	Results
	Capability of algorithms to predict blastocyst formation and quality

	Discussion
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	11-oup_humrep_dew183_print
	Correlation between aneuploidy, standard morphology evaluation and morphokinetic development in 1730 biopsied blastocysts: ...
	Introduction
	Material and Methods
	Ovarian stimulation, oocyte denudation and insemination
	Morphological and morphokinetic evaluation
	Blastocyst biopsy, whole-genome amplification and aCGH protocol
	Blastocyst vitrification, warming and embryo transfer
	Statistical analysis

	Results
	Standard morphology evaluation
	Morphokinetic evaluation

	Discussion
	Supplementary data
	Authors’ roles
	Funding
	Conflict of interest
	References


	12-oup_humrep_dew206_print
	A prospective randomized controlled trial of 3D versus 2D ultrasound-guided embryo transfer in women undergoing ART treatment
	Introduction
	Materials and methods
	Study design
	Study population
	Treatment protocol
	Randomisation and intervention
	Outcome measures
	Sample size
	Statistical analysis

	Results
	Baseline characteristics
	Outcome analysis
	Subgroup analysis and logistic regression

	Discussion
	Acknowledgements
	Authors’ roles
	Funding
	Conflicts of interest
	References


	13-oup_humrep_dew184_print
	Live birth and perinatal outcomes following stimulated and unstimulated IVF: analysis of over two decades of a nationwide data
	Introduction
	Materials and Methods
	Statistical analysis

	Results
	Live birth outcomes following unstimulated and stimulated IVF
	Ovarian stimulation and perinatal outcomes following IVF

	Discussion
	Acknowledgement
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	14-DEW175_print
	15-oup_humrep_dew182_print
	Disparities between online assisted reproduction patient education for same-sex and heterosexual couples
	Introduction
	Materials and Methods
	Identification of fertility centers
	Study design
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	16-DEW161_print
	17-oup_humrep_dew193_print
	Evaluation of minimal disseminated disease in cryopreserved ovarian tissue from bone and soft tissue sarcoma patients
	Introduction
	Materials and Methods
	Patients
	Freezing and thawing procedures
	Histological evaluation and IHC
	Karyotyping and FISH
	FISH
	RNA extraction from frozen-thawed ovarian tissue
	RNA extraction from formalin-fixed paraffin-embedded tissue blocks
	Reverse transcription (RT) and real-time quantitative PCR (qPCR)

	Results
	Patients
	Histology and IHC
	Cytogenetics
	qPCR analysis
	Series of ESFT (Table III)
	Series of RMS (Table IV)
	Series of non-rhabdomyosarcomatous soft tissue sarcoma


	Discussion
	Bone sarcoma
	ESFT
	Immunohistochemistry and IHC
	Osteosarcoma

	Soft tissue sarcoma
	Rhabdomyosarcoma
	Non-rhabdomyosarcomatous soft tissue sarcoma


	Conclusion
	Supplementary data
	Acknowledgments
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	18-oup_humrep_dew212_print
	Parents&#x2019; anxiety and depression symptoms after successful infertility treatment and spontaneous conception: does sin...
	Introduction
	Materials and methods
	Participants
	Procedure
	Measures
	Socio-demographic, clinical and perinatal data
	Anxiety symptoms
	Depression symptoms

	Data analysis

	Results
	Participants’ characteristics
	Anxiety
	At each pregnancy trimester, childbirth and 3 months post-partum
	Trajectories over time

	Depression
	At each pregnancy trimester, childbirth and 3 months post-partum
	Trajectories over time


	Discussion
	Supplementary data
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	19-oup_humrep_dew189_print
	Childless women’s beliefs and knowledge about oocyte freezing for social and medical reasons
	Introduction
	Literature review
	Purpose of the study

	Materials and Methods
	Measures
	Recruitment
	Participants
	Data analysis

	Results
	Beliefs about FP
	Decision-making considerations
	Knowledge

	Discussion
	Limitations
	Conclusion

	Authors’ roles
	Funding
	Conflict of interest
	References


	20-oup_humrep_dew187_print
	Development of a new clinically applicable device for embryo evaluation which measures embryo oxygen consumption
	Introduction
	Materials and Methods
	Architecture of the device
	Principle of measurement
	Procedure of measurement
	Measurement of oxygen concentration gradient and oxygen consumption rate using spheroids
	Comparison of the values measured by CERMs and the SECM measuring system
	Measurement of oxygen consumption rate and culture of redundant human embryos
	Statistical analysis
	Ethical approval

	Results
	Measurement of the oxygen concentration gradient and oxygen consumption rate using spheroids
	Comparison of the values measured by CERMs and SECM
	Measurement of the oxygen consumption rate of human embryos

	Discussion
	Supplementary data
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	21-oup_humrep_dew203_print
	Poor embryo development in post-ovulatory in vivo-aged mouse oocytes is associated with mitochondrial dysfunction, but mito...
	Introduction
	Materials and Methods
	Animal studies
	Reagents
	Oocyte preparation
	Measurement of mitochondrial membrane potentials by JC-1 staining
	Measurement of oxygen consumption
	Immunofluorescence and mitochondrial staining
	Immunoblotting
	Preparation of mitochondria from somatic cells
	Microinjection of mitochondria into oocytes
	IVF and embryo culture
	Statistical analysis

	Results
	Effects of post-ovulatory aging on the mitochondrial membrane potential of oocytes
	Effects of post-ovulatory aging on oxygen consumption
	Spatiotemporal TFAM expression in fresh and aged oocytes
	Effects of microinjecting mitochondria derived from liver cells on the fertilization, embryonic development rates and oxyge...

	Discussion
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	22-oup_humrep_dew191_print
	nm23 regulates decidualization through the PI3K-Akt-mTOR signaling pathways in mice and humans
	Introduction
	Materials and methods
	Ethics statement
	Human samples
	Mouse samples
	Isolation of primary mESCs
	In vitro decidualization
	Steroid treatment
	siRNA transfection
	Immunohistochemical analysis
	Western blot
	RT-qPCR
	Detection of cell proliferation using 5-ethynyl-2&#x2032;-deoxyuridine (EdU)
	Statistical analysis

	Results
	Expression profile of nm23-m1 in the endometrium of mice during early pregnancy
	Expression of nm23-m1 in the endometrium during early pseudopregnancy in mice
	Expression of nm23-m1 under artificially induced decidualization in mice
	nm23-h1 expression in human decidua is higher during the first trimester than during the menstrual cycle phases
	nm23 is essential for in vitro decidualization in primary mESCs and T-HESCs
	The hormones E2 and P4 upregulated nm23 expression
	nm23 regulates decidualization via PI3K-Akt-mTOR pathway activation

	Discussion
	Supplementary data
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	23-oup_humrep_dew209_print
	Characteristics of histologically confirmed endometriosis in cynomolgus monkeys
	Introduction
	Materials and methods
	Animals
	Ethical approval
	Histopathology

	Results
	General features of the endometriotic lesions in cynomolgus monkeys
	Basic histopathological components of the endometriotic lesions in cynomolgus monkeys
	Interstitial smooth muscle cells and nerve fibres of endometriotic lesions, and the lesions in lymph nodes of cynomolgus mo...

	Discussion
	Authors’ roles
	Funding
	Conflict of interest
	References


	24-oup_humrep_dew190_print
	Adrenocorticotropic hormone elicits gonadotropin secretion in premenopausal women
	Introduction
	Subjects and Methods
	Subjects
	Psychological assessment
	ACTH administration
	Sample collection
	Hormone determinations
	Data analysis

	Results
	Subject characteristics, and baseline ACTH and binding globulin levels
	Effect of ACTH administration on gonadotropin release
	Effects of ACTH administration on the steroid profile
	Cortisol
	Progesterone
	17-OH-PROG
	Androstenedione
	Dehydroepiandrosterone
	Dehydroepiandrosterone sulfate
	Testosterone
	Estradiol


	Discussion
	Authors’ roles
	Funding
	Conflicts of interest
	References


	25-oup_humrep_dew200_print
	Diabetes, medical comorbidities and couple fecundity
	Introduction
	Materials and methods
	Study population
	Data collection and operational definitions
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	26-dew163_print
	27-oup_humrep_dew220_print
	Prevalence and patient characteristics of Mayer–Rokitansky–Küster–Hauser syndrome: a nationwide registry-based study
	Introduction
	Materials and methods
	Setting and data linkage
	Data sources
	Identification of patients in the DNPR
	Validation of diagnoses and case definitions
	Patient characteristics
	Statistical analyses
	Ethics

	Results
	Patient identification and coding validity
	Prevalence
	Patient characteristics

	Discussion
	Supplementary data
	Acknowledgments
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	28-oup_humrep_dew195_print
	Embryonic aneuploidy does not differ among genetic ancestry according to continental origin as determined by ancestry infor...
	Introduction
	Materials and Methods
	Patient population
	Ethical approval
	Identification of ethnic admixture by genotyping
	Statistical analysis

	Results
	Ethnicity
	Embryonic aneuploidy

	Discussion
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	29-oup_humrep_dew204_print
	Length of FMR1 repeat alleles within the normal range does not substantially affect the risk of early menopause
	Introduction
	Materials and Methods
	Participants included
	Definition of age at natural menopause
	Early menopause cases and controls
	Evaluation of FMR1 repeat length
	Statistical analyses

	Results
	Repeat distribution
	Age of menopause
	No association between length of either FMR1 repeat allele and early menopause
	No association between FMR1 repeat genotype and early menopause
	Sensitivity analyses

	Discussion
	Supplementary data
	Acknowledgements
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	05-oup_humrep_dew185_print.pdf
	Seminal plasma transforming growth factor-β, activin A and follistatin fluctuate within men over time
	Introduction
	Materials and Methods
	Ethics approval and study participants
	Seminal plasma collection
	Seminal plasma cytokine ELISAs
	Data analysis and statistics

	Results
	Within- and between-individual variation in semen parameters
	Within- and between-individual variation in TGFB1, TGFB2 and TGFB3
	Within- and between-individual variation in activin A and follistatin
	Impact of duration of abstinence and age on semen parameters and cytokines
	Relationship between cytokines and sperm parameters

	Discussion
	Supplementary data
	Authors’ roles
	Funding
	Conflict of interest
	References


	06-oup_humrep_dew211_print.pdf
	Specific immune cell and cytokine characteristics of human testicular germ cell neoplasia
	Introduction
	Material and methods
	Patients
	Histological evaluation of testicular biopsies
	Immunohistochemistry
	RNA extraction and quantitative real-time RT-PCR

	Results
	Inflammatory infiltrates in testis biopsies from infertile men with impaired spermatogenesis are mainly composed of T cells
	Inflammation associated with testicular neoplasia is not restricted to T cells, but comprises B cells and dendritic cells
	Cytokine expression in testicular neoplasia is dominated by a pro-inflammatory, B cell supporting, Th1-balanced profile

	Discussion
	Supplementary data
	Acknowledgements
	Author&#x2019;s roles
	Funding
	Conflict of interest
	References


	08-oup_humrep_dew201_print.pdf
	Correlation between chromosomal distribution and embryonic findings on ultrasound in early pregnancy loss after IVF-embryo ...
	Introduction
	Materials and methods
	Results
	Discussion
	Supplementary data
	Acknowledgements
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	10-oup_humrep_dew188_print.pdf
	Development of a generally applicable morphokinetic algorithm capable of predicting the implantation potential of embryos t...
	Introduction
	Materials and Methods
	Data used for developing the KIDScore algorithm
	Methods for evaluating predictive power
	Methods used for developing the KIDScore algorithm
	Five-fold cross-validation
	Algorithm robustness with respect to incubation environment and fertilization method
	Data used for predicting blastocyst formation and quality
	Algorithms used for comparing capability to predict blastocyst formation and quality

	Results
	Capability of algorithms to predict blastocyst formation and quality

	Discussion
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	18-oup_humrep_dew212_print.pdf
	Parents&#x2019; anxiety and depression symptoms after successful infertility treatment and spontaneous conception: does sin...
	Introduction
	Materials and methods
	Participants
	Procedure
	Measures
	Socio-demographic, clinical and perinatal data
	Anxiety symptoms
	Depression symptoms

	Data analysis

	Results
	Participants’ characteristics
	Anxiety
	At each pregnancy trimester, childbirth and 3 months post-partum
	Trajectories over time

	Depression
	At each pregnancy trimester, childbirth and 3 months post-partum
	Trajectories over time


	Discussion
	Supplementary data
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	20-oup_humrep_dew187_print.pdf
	Development of a new clinically applicable device for embryo evaluation which measures embryo oxygen consumption
	Introduction
	Materials and Methods
	Architecture of the device
	Principle of measurement
	Procedure of measurement
	Measurement of oxygen concentration gradient and oxygen consumption rate using spheroids
	Comparison of the values measured by CERMs and the SECM measuring system
	Measurement of oxygen consumption rate and culture of redundant human embryos
	Statistical analysis
	Ethical approval

	Results
	Measurement of the oxygen concentration gradient and oxygen consumption rate using spheroids
	Comparison of the values measured by CERMs and SECM
	Measurement of the oxygen consumption rate of human embryos

	Discussion
	Supplementary data
	Acknowledgements
	Authors’ roles
	Funding
	Conflict of interest
	References


	22-oup_humrep_dew191_print.pdf
	nm23 regulates decidualization through the PI3K-Akt-mTOR signaling pathways in mice and humans
	Introduction
	Materials and methods
	Ethics statement
	Human samples
	Mouse samples
	Isolation of primary mESCs
	In vitro decidualization
	Steroid treatment
	siRNA transfection
	Immunohistochemical analysis
	Western blot
	RT-qPCR
	Detection of cell proliferation using 5-ethynyl-2&#x2032;-deoxyuridine (EdU)
	Statistical analysis

	Results
	Expression profile of nm23-m1 in the endometrium of mice during early pregnancy
	Expression of nm23-m1 in the endometrium during early pseudopregnancy in mice
	Expression of nm23-m1 under artificially induced decidualization in mice
	nm23-h1 expression in human decidua is higher during the first trimester than during the menstrual cycle phases
	nm23 is essential for in vitro decidualization in primary mESCs and T-HESCs
	The hormones E2 and P4 upregulated nm23 expression
	nm23 regulates decidualization via PI3K-Akt-mTOR pathway activation

	Discussion
	Supplementary data
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References


	27-oup_humrep_dew220_print.pdf
	Prevalence and patient characteristics of Mayer–Rokitansky–Küster–Hauser syndrome: a nationwide registry-based study
	Introduction
	Materials and methods
	Setting and data linkage
	Data sources
	Identification of patients in the DNPR
	Validation of diagnoses and case definitions
	Patient characteristics
	Statistical analyses
	Ethics

	Results
	Patient identification and coding validity
	Prevalence
	Patient characteristics

	Discussion
	Supplementary data
	Acknowledgments
	Authors&#x2019; roles
	Funding
	Conflict of interest
	References





