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Abstract
Background: The reproductive impact of adenomyosis and endometriosis is widely researched but the extent of these impacts remains elusive. It has been demonstrated that endometriosis, in particular, is known to result in subfertility but endometriosis and adenomyosis are increasingly linked to late pregnancy complications such as those caused by placental insufficiency. At the molecular level, the presence of ectopic endometrium perturbs the endometrial hormonal, cellular and immunological milieu, negatively influencing decidualisation, placentation and developmental programming of the embryo. It is unclear if and how such early aberrant reproductive development relates to pregnancy outcomes in endometriosis and adenomyosis.

Objective and rationale: The aims of this systematic review and meta-analysis were to 1) investigate the association of adenomyosis and endometriosis with fertility, obstetric and neonatal outcomes of women through both assisted reproduction and natural conception and 2) determine whether endometriosis disease subtypes have specific impacts on different stages of the reproductive process.

Search methods: A systematic literature review of NHS evidence electronic databases and the Cochrane database identified all comparative and observational studies between 1980 and December 2018 in any language on adenomyosis and endometriosis with fertility, obstetric and neonatal outcomes (23 search terms used). A total of 104 papers were selected for data extraction and meta-analysis, with use of Downs and Black standardised checklist to evaluate quality and bias.

Outcomes: We found that endometriosis consistently leads to reduced oocyte yield and a reduced fertilisation rate, in line with current evidence. Milder forms of endometriosis were most likely to affect the fertilisation (fertilisation rate OR 0.77, CI 0.63-0.93) and earlier implantation processes (implantation rate OR 0.76, CI 0.62-0.93). The more severe disease (ASRM III and IV) influenced all stages of reproduction. Ovarian endometriosis negatively affects the oocyte yield (MD -1.22, CI -1.96, -0.49) and number of mature oocytes (MD -2.24, CI -3.4, -1.09). We found an increased risk of miscarriage in both adenomyosis and endometriosis (OR 3.40, CI 1.41-8.65 and OR 1.30, CI 1.25-1.35 respectively), and endometriosis can be associated with a range of obstetric and fetal complications including preterm delivery (OR 1.38, CI 1.01-1.89), caesarean section delivery (OR 1.98 CI 1.64-2.38) and neonatal unit admission following delivery (OR 1.29, CI 1.07-1.55).

Wider implications: Adenomyosis and the subtypes of endometriosis may have specific complication profiles though further evidence is needed to be able to draw conclusions. Several known pregnancy complications are likely to be associated with these conditions. The complications are possibly caused by dysfunctional uterine changes leading to implantation and placentation issues and therefore could potentially have far reaching consequences as suggested by Barker’s hypothesis. Our findings would suggest that women with these conditions should ideally receive pre-natal counselling and should be considered higher risk in pregnancy and at delivery, until evidence to the contrary is available. In order to expand our knowledge of these conditions and better advise on future management of these patients in reproductive and maternal medicine, a more unified approach to studying fertility and reproductive outcomes with longer term follow up of the offspring and attention to the subtype of disease is necessary.
Keywords: adenomyosis, endometriosis, fertility, obstetric outcome, perinatal outcome, neonatal outcome, healthy baby rate, pregnancy complications, Barker’s hypothesis, developmental origins of health and disease

Introduction
Endometriosis and adenomyosis are characterised by the presence of endometrial stroma and glands outside the uterine cavity and within the myometrium respectively. It affects up to 10% of reproductive age women and is present in 30-50% of women with infertility. The presence of such ectopic endometrial glands and stroma is associated with inflammation (Burney and Giudice 2012), fibrosis and aberrant angiogenesis. 

Evidence is now emerging pertaining to the detrimental reproductive impact of endometriosis and adenomyosis in both natural as well as assisted conception. The negative impact on fertility is in part anatomical, where fibrosis and adhesion formation interfere with oocyte pick up and transportation, but there is also evidence of aberrant uterine contractility at the endometrium-myometrium interface interfering with favourable implantation. Deranged inflammatory processes occur within the peritoneal, uterine and endometrial environment (Gupta et al. 2008). Pathological processes involving inflammation, immune modulation, oxidative stress, extracellular matrix remodelling, aberrant angiogenesis, and genetic and epigenetic changes have been implicated in altered oocyte development, uterine receptivity, implantation, successful maintenance of pregnancy and birth (Kokcu 2013; Vigano, Corti, and Berlanda 2015; Gupta et al. 2008).

Evidence suggests that the suboptimal intrauterine environment created by an imbalance between embryotrophic and embryo toxic factors, in the context of a uterine and peritoneal inflammatory condition, influences embryo programming and alters fetal development and the growth trajectory after birth (Robertson et al. 2018). Mechanistically, such an influence may be via embryo bio-sensing interacting with the secretome of the reproductive tract (Cheong et al. 2013; Ng et al. 2018), coupled with uterine selectivity for implantation (Macklon and Brosens 2014).  Despite the biological plausibility and in vitro experimental evidence of endometriosis and adenomyosis on the early gamete, embryo and fetal development, the overt clinical impact of the disease severity and subtypes on processes of folliculogenesis, oocyte quality, fertilisation, implantation and embryo quality are still controversial.

The potential impact on post-implantation stages of reproduction is also less understood. The association between endometriosis and adenomyosis and negative obstetric outcomes is, however, beginning to emerge (Maggiore et al., 2016, Maggiore et al., 2018, Lalani et al., 2018) but longer follow-up studies for obstetric and neonatal outcomes have not often been undertaken in the current literature therefore the true longitudinal impact of the diseases on late pregnancy and health of the offspring remains unclear. With growing interest in the developmental origin of health and disease theory, and knowledge that aberrant decidualisation and placentation within a disturbed uterine environment can be linked not only to problems relating to placental insufficiency but also to childhood and adult diseases, the condition of endometriosis and adenomyosis in this context have not yet been explored. Studies looking at the influence of the aforementioned conditions on reproduction are often polarised, with either an obstetric or gynaecology focus, which does not provide a comprehensive overview of the entire reproductive process. There is also less attention to whether different subtypes of the disease have specific influence on different stages of the reproductive cycle thereby limiting our understanding of the effect profiles of disease subtypes. Given the prevalence and associative morbidity of adenomyosis and endometriosis, it is prudent that the reproductive impact is better understood. 

The aims of this systematic review and meta-analysis are to 1) investigate the association of adenomyosis and endometriosis with reproductive, obstetric and neonatal outcomes of women through both assisted reproduction (ART) and natural conception and 2) determine whether endometriosis disease subtypes have specific impacts on different stages of the reproductive course 
Methods

 Search strategy

A systematic search of all published and unpublished studies from January 1980 to December 2018 with no language restriction was performed following Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.  The systematic review and meta-analysis was registered on PROSPERO (registration ID CRD42017083567).
Electronic searches

NHS evidence healthcare databases; AMED, EMBASE, HMIC, BNI, Medline, CINAHL and Health Business Elite as well the Cochrane electronic database were searched by two independent reviewers (J.H. & M.S.) using the keywords adenomyosis, endometriosis, endometrioma, deep infiltrating endometriosis, stage I, stage II, stage III, stage IV and mild, moderate and severe together with 23 search terms (Supplementary Table 1: Search terms) covering fertility, obstetric and neonatal outcomes.
Other resources

Systematic reviews, meta-analyses and literature reviews found in the search were hand searched and cross-referenced by the reviewers for relevant articles.  
Types of studies 

We included cohort, case-control and observational studies with an appropriate control group. No randomised control trials were returned by our search as expected. Systematic reviews and meta-analyses are included for qualitative and quantitative data where appropriate. We translated non-English papers and also included relevant case studies and material such as abstracts for conferences or other personal communication.
Types of participants

We included studies that examined the reproductive outcomes of women with adenomyosis or endometriosis who conceived naturally (NC) or through in-vitro fertilisation with or without intra-cytoplasmic sperm injection (IVF/ICSI). Population studies, where the mode of conception cannot be differentiated to be exclusively NC as they were likely to include a subgroup of women undergoing ART, were analysed separately (NC/ART).

Studies on the impact of adenomyosis were included if the diagnosis of adenomyosis was made by imaging modalities or by ICD 10 coded medical records (N80.0 endometriosis of the uterus). Studies on endometriosis and its subtypes were included if the diagnosis was made by visualisation of lesions at laparoscopy/laparotomy, histology, imaging modalities where endometrioma was diagnosed or ICD 10 coded medical records. Studies involving donor or recipient oocyte treatments, or women with known poor ovarian response were excluded. 

The control group consisted of women with a negative laparoscopy or no known adenomyotic or endometriotic disease including those with tubal infertility, male factor infertility, unexplained infertility or mixed aetiology infertility.
Types of outcome measures

The primary outcome was the healthy baby rate, defined as a live singleton birth, at term, of appropriate birthweight for the gestational period. It was anticipated that a healthy baby rate would be calculated from data presented in studies. The secondary outcomes were the main pregnancy outcomes of live birth rate (LBR), clinical pregnancy rate (CPR) (defined as a viable intrauterine pregnancy on ultrasound scan (USS)) and miscarriage rate (MR) (spontaneous pregnancy loss before 24 weeks gestation). Other fertility, pregnancy and delivery complications were grouped as follows.
Late pregnancy complications were: pre-eclampsia (PET), pregnancy induced hypertension (PIH), antepartum haemorrhage (APH) (any bleeding per vagina after 24 weeks pregnancy), placenta praevia (PP), placental abruption (PA), small for gestational age fetus (SGA) (defined as birthweight <10th centile for gestational age), preterm delivery (PTD) (delivery >24 weeks and <37 weeks gestation), lower segment caesarean section delivery (LSCS), gestational diabetes (GDM), intrauterine death (IUD) and postpartum haemorrhage (PPH) (excessive bleeding following delivery).

Neonatal complications were: admission to the neonatal unit for any reason (NNU) (admission between birth and 28 days old) and neonatal death (NND) (death between birth and 28 days old).

Outcomes pertaining to parameters of IVF/ICSI treatment were: oocyte yield (number of oocytes retrieved per cycle), number of mature oocytes per cycle (meiosis II oocytes suitable for fertilisation), fertilisation rate (FR) (total number of fertilised oocytes), implantation rate (IR) (number of clinical pregnancies per embryo transferred) and cycle cancellation rate (CR).
Selection of studies

Following an initial screen of titles and abstracts retrieved by the search, the full-text of all potentially eligible studies were retrieved. The full texts were examined for eligibility and articles satisfying the aforementioned inclusion criteria were selected. The results of this search are presented (Figure 1).
Data extraction

Data was extracted by reviewer (J.H.) using pre-defined criteria and a second reviewer (M.S.) independently performed data extraction on a sample of included studies (those published between October 2000 and October 2010). A comparison was made between the data extracted by the first and second reviewer and no discrepancies were found. If any discrepancies had been found the opinion of a third reviewer (Y.C.) would have been sought and data extraction from all studies would have been performed by the second reviewer.  Reviewers were selected based on their expertise in the subspecialty of endometriosis, reproductive medicine and methodology in performing meta-analyses. Data extraction included study characteristics and outcome data (Supplementary Table 2).
Comparative analysis

We examined our outcomes (primary, secondary and those pertaining to pregnancy and neonatal complications and IVF/ICSI parameters) according to mode of conception (NC, IVF/ICSI and NC/ART) compared to controls as follows: Adenomyosis; and Endometriosis overall (subtype/severity unspecified): Treated endometriosis (surgical and/or medical treatment) and Untreated endometriosis; and Subtypes of endometriosis: ASRM stage I-II endometriosis, ASRM stage III-IV endometriosis, Endometrioma, and Deep infiltrating endometriosis (DIE).

Data analysis

All included studies are presented in Table 1. Meta-analysis was performed using Review Manager version 5.3 and PRISMA guidance was followed where possible. Statistical data was drawn from the original papers or calculated by the reviewer J.H. when suitable raw data was presented.

Data was analysed by outcome in different modes of conception for each disease subgroup. Dichotomous data and continuous data were analysed using Mantel-Hansel odds ratio or the mean difference and the confidence intervals between groups, respectively. Publication bias was tested with funnel plot analysis. Sensitivity analyses were performed first by combining any mode of conception subgroup data, or by adding data from excluded papers, or by removing outlying data.  Sensitivity analysis results are shown in Supplementary Table 3.
Assessment of Heterogeneity 

Included studies were scrutinised for clinical and methodological similarity and suitability of data for clinically meaningful meta-analysis. Statistical heterogeneity among included studies was measured by I2 with an accepted limit of less than 50%.  I2 scores below this indicated that data could be analysed by a fixed effects model whereas scores equal to or above 50% were analysed by a random-effects model assuming that the effects being analysed in the different studies were not identical but followed similar distributions.
Assessment of study quality

Reviewer J.H. assessed the methodological quality of the studies using a modified Downs and Black standardised checklist for quality of the individual studies which rates 27 items across the domains of study quality, external validity, study bias and confounding and selection bias. Items pertaining to power, blinding, randomising and intervention adverse events were removed from the checklist as they were not relevant to the included studies and when data is combined in a meta-analysis (Supplementary Table 2).
Results
Description of studies and participants

The systematic search retrieved 1948 articles; 251 studies were potentially eligible, and their full texts were reviewed (Figure 1). Of these 104 studies met our inclusion criteria and 100 presented data suitable for inclusion in a meta-analysis (Table 1). The remaining four studies were included for qualitative data.

Eleven papers compared fertility and obstetric outcomes in women with adenomyosis, diagnosed by USS or magnetic resonance imaging (MRI) features, to a control group (Table 1: studies labelled AD for subgroup). One paper used uterine enlargement without distinct masses (Chiang et al. 1999) rather  than the full spectrum of USS diagnostic features. Five of the studies involved patients who also had endometriosis in the case and control groups (Costello, Lindsay, and McNally 2011; Thalluri and Tremellen 2012; Yan et al. 2014; Youm, Choi, and Han 2011; Salim et al. 2012). The eleven papers addressing adenomyosis were grouped as follows: IVF/ICSI (n=7), NC/ART (n=4), NC (n=0). All papers had data that could be used in a meta-analysis.

We included 63 papers where either the subtype or severity of endometriosis was unspecified or where data was presented for endometriosis as one cohort rather than by subtype or severity (Table 1: studies labelled EN). Of these papers,15 were NC/ART studies, two papers were NC studies and 46 were IVF/ICSI studies. 

There were 18 papers which analysed treated endometriosis patients specifically (Table 1: studies labelled Tx EN); one paper met inclusion criteria but did not present outcome data in a format that could be used in our meta-analysis (Wyns and Donnez 2003). The papers included in our meta-analysis were grouped as follows: IVF/ICSI (n= 14), NC/ART (n= 4), NC (n= 0). Only one paper examined the effects of untreated endometriosis compared to controls (Geber et al. 1995). 

There were 26 papers which examined stage I and II endometriosis separately from other forms of endometriosis (Table 1: studies labelled I-II). All papers in this part of the analysis reported endometriosis staging by ASRM at laparoscopy or laparotomy but did not comment on whether the endometriosis was treated. Two studies examined women who conceived naturally or with ART (NC/ART) and all other studies were carried out in the IVF/ICSI treatment setting. 

There were 24 papers which analysed fertility and reproductive outcome for ASRM stage III-IV endometriosis included in the review (Table 1: studies labelled III-IV). Two papers were NC/ART studies; all other studies were in the IVF/ICSI setting and there were no NC studies.

There were 18 studies which addressed endometrioma alone (Table 1: studies labelled OMA). In six studies, the diagnosis of endometrioma and peritoneal endometriosis was made at laparoscopy/laparotomy. The mode of conception in all studies was IVF/ICSI. Thirteen studies diagnosed endometrioma either on cyst aspiration or on ultrasound scan and had no peritoneal and deep infiltrating endometriosis based on ultrasound findings. 

Three studies examined the effects of deep infiltrating endometriosis (Table 1: studies labelled DIE) and did not present data suitable for meta-analysis. The findings of these studies have been reviewed.

There were 23 meta-analyses and systematic reviews returned in our literature search, which were analysed for their data and included studies (Paolo Vercellini et al. 2014; Bruun et al. 2018; Pérez-López et al. 2018; Gasparri et al. 2018; Jeon et al. 2018; Minebois et al. 2017; Lalani et al. 2018; Somigliana et al. 2015; Maheshwari et al. 2012; Rossi and Prefumo 2016; Barnhart, Dunsmoor-Su, and Coutifaris 2002; Barbosa et al. 2014; Yang et al. 2015; Henrik Falconer 2012; P. Vercellini et al. 2014; Carvalho et al. 2012; Mukhri Hamdan et al. 2015; Harb et al. 2013; Nick Raine Fenning 2014; M. Hamdan et al. 2015; Dueholm 2017; Younes and Tulandi 2017; Zullo et al. 2017). Twelve literature and systematic reviews analysing uncommon adverse maternal outcomes were included for qualitative analysis (Soave et al. 2018; Lier, Malik, et al. 2017; Glavind et al. 2018; Lier, Brosens, et al. 2017; Leone Roberti Maggiore et al. 2017; Vlahos, Theodoridis, and Partsinevelos 2017; Masouridou et al. 2012; Vigano, Corti, and Berlanda 2015; Leone Roberti Maggiore et al. 2016; Daraï, Cohen, and Ballester 2017; Koninckx, Zupi, and Martin 2018; Maheshwari et al. 2012).
Primary outcome
No studies reported the healthy baby rate or presented data allowing a healthy baby rate to be determined.
Study design and setting

Studies examined the reproductive outcomes of spontaneously conceived pregnancies alone (NC)(n=3) or as a result of IVF/ICSI using their own gametes (n=79). The population-based studies examined reproductive outcomes of all types of conception including those conceived through assisted reproduction (NC/ART) (n=22). 

In the majority of studies, endometriosis or absence of endometriosis is diagnosed at laparoscopy.  Some studies used ultrasound scans to guide diagnosis where endometrioma were identified. The control groups were women with tubal infertility (n=42), male factor infertility (n=6), unexplained infertility (n= 3) or infertility of mixed aetiology (n= 28) where endometriosis was excluded at laparoscopy or was not indicated in clinical history in combination with a normal pelvic ultrasound scan. 

Treatment of endometriosis was surgical (excision/ablation of lesions, adhesiolysis, cystectomy/drainage of endometrioma) (n= 12), medical (gonadotrophin releasing hormone analogues, continuous combined contraceptive (n=1), or a surgical and medical treatment (gonadotrophin releasing hormone analogues, use of continuous combined contraceptive pill or androgens) (n= 5).  
Quality of included studies and risk of bias

Downs and Black scores are shown in Table 2.

Adenomyosis 

Secondary outcomes were reported in the following study groups for women with adenomyosis compared to controls (Figure 2).

Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

No NC or NC/ART studies reported CPR, LBR or MR. In IVF/ICSI studies, clinical pregnancy rate was reduced (OR 0.57, CI 0.43-0.76, p<0.001) (n=7), live birth rate was reduced (OR 0.45, CI 0.24-0.86, p=0.02) (n=5), and there was an increased risk of miscarriage (OR 3.49, CI 1.41-8.65, p=0.007) (n=6).  
Late Pregnancy and Neonatal Complications

No NC studies reported late pregnancy or neonatal complications. NC/ART studies found an increased risk of PTD (OR 2.74, CI 1.89-3.97, p<0.001) (n=5), SGA (OR 3.90, CI 2.10-7.25, p< 0.001) (n=2), LSCS (OR 2.62, CI 1.00-6.89, p=0.05) (n=3) and PET (OR 7.87, CI 1.26-49.20, p= 0.03) (n=2). One study found an increased risk of PP and PPH, no increased risk of PIH and reduced risk of GDM. One study found women with adenomyosis had no increased risk of IUD but did have an increased risk of NNU admissions following delivery.
IVF/ICSI Treatment Outcomes

Implantation rate was reduced (OR 0.56, CI 0.39-0.8, p=0.001) (n=3). There was no difference in oocyte yield (n=3) or CR (n=2)ADDIN CSL_CITATION {"citationItems":[{"id":"ITEM-1","itemData":{"DOI":"10.1016/j.ejogrb.2011.04.030","ISSN":"03012115","author":[{"dropping-particle":"","family":"Costello","given":"Michael F.","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Lindsay","given":"Kristen","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"McNally","given":"Glen","non-dropping-particle":"","parse-names":false,"suffix":""}],"container-title":"European Journal of Obstetrics & Gynecology and Reproductive Biology","id":"ITEM-1","issue":"2","issued":{"date-parts":[["2011","10"]]},"page":"229-234","title":"The effect of adenomyosis on in vitro fertilisation and intra-cytoplasmic sperm injection treatment outcome","type":"article-journal","volume":"158"},"uris":["http://www.mendeley.com/documents/?uuid=ef936605-d93b-40c2-9f21-4c38931ff980"]},{"id":"ITEM-2","itemData":{"DOI":"10.1159/000355101","ISSN":"1423-002X","author":[{"dropping-particle":"","family":"Yan","given":"Lei","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Ding","given":"Lingling","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Tang","given":"Rong","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Chen","given":"Zi-Jiang","non-dropping-particle":"","parse-names":false,"suffix":""}],"container-title":"Gynecologic and Obstetric Investigation","id":"ITEM-2","issue":"1","issued":{"date-parts":[["2014"]]},"page":"14-18","title":"Effect of Adenomyosis on In Vitro Fertilization/Intracytoplasmic Sperm Injection Outcomes in Infertile Women: A Retrospective Cohort Study","type":"article-journal","volume":"77"},"uris":["http://www.mendeley.com/documents/?uuid=f76692d4-cdcd-4afe-be9c-c51672327ee5"]}],"mendeley":{"formattedCitation":"(Costello, Lindsay, and McNally 2011; Yan et al. 2014)","plainTextFormattedCitation":"(Costello, Lindsay, and McNally 2011; Yan et al. 2014)","previouslyFormattedCitation":"(Costello, Lindsay, and McNally 2011; Yan et al. 2014)"},"properties":{"noteIndex":0},"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"}(Costello, Lindsay, and McNally 2011; Yan et al. 2014)(Costello, Lindsay, and McNally 2011; Yan et al. 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)[10], [12][10], [12](Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014)(Costello, Lindsay and McNally, 2011; Yan <i>et al.</i>, 2014). No other outcomes were reported. 

Endometriosis

Secondary outcomes were reported in the following study groups for women with endometriosis (no subtype, severity unspecified) compared to controls (Figures 3, 4 and 5).

Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

No NC or NC/ART studies reported CPR. One NC/ART study reported reduced LBR and demonstrated that LBR was also affected in the NC subgroup analysis. IVF/ICSI studies demonstrate a reduced CPR (OR 0.85, CI 0.74-0.98, p= 0.02) (n= 29) and no difference in LBR (16) or MR (n=17). NC/ART studies found an increased MR (OR 1.30, CI 1.25-1.35, p<0.001) (n= 3). One NC/ART study found an increase in miscarriage rate in the NC subgroup.
Late Pregnancy and Neonatal Complications
A summary of late pregnancy and neonatal complications with endometriosis is reported in Table 3.

NC studies found the risk of PIH (OR 1.29, CI 1.01-1.66, p= 0.04) (n= 2), PTD (OR 1.42, CI 1.31-1.53, p< 0.001) (n= 3), and LSCS (OR 1.82, CI 1.56-2.13, p< 0.001) (n=2) were increased but the risk of SGA was not (n=2). No other late pregnancy outcomes were reported. They did not report neonatal outcomes.

NC/ART studies demonstrated an increased risk of PTD (OR 1.38, CI 1.01-1.89, p=0.04) (n= 11), PP (OR 3.09, CI 2.04-4.68, p< 0.001) (n= 9), LSCS (OR 1.98 CI 1.64-2.38, p< 0.001) (n= 10), PET (OR 1.18, CI 1.03-1.36, p= 0.02) (n=11), PA (OR 1.87, CI 1.65-2.13, p< 0.001) (n=8) and IUD (OR 1.25, CI 1.08-1.45, p= 0.003) (n= 5) whilst the risk of GDM (n=6), PIH (n=6), PPH (n= 9) and SGA (n=6) were not increased. An increased risk of NNU admission was demonstrated (OR 1.29, CI 1.07-1.55, p= 0.007) (n= 5). NND was increased in one study.
In IVF/ICSI studies there was increased risk of PTD (OR 1.50, CI 1.10-2.03, p= 0.009) (n=6), PP (OR 3.31, CI 1.26-8.71, p=0.02) (n=6) and LSCS (OR 1.73, CI 1.00-3.00, p= 0.05) (n=3). There was no difference in risk of SGA (n=3), PPH (n=3), PET (n=6) or PIH (n=3). One study reported no difference in risk of abruption or GDM. Risk of IUD was not reported. There was an increased risk of NNU admissions (OR 1.91, CI 1.12-3.26, p= 0.02) (n=2) but NND rates were not reported.
IVF/ICSI Treatment Outcomes

There was a reduced oocyte yield (MD -1.33, CI -1.83, -0.84, p< 0.001) (n= 18), reduced FR per oocyte (OR 0.92, CI 0.86-0.99, p= 0.03) (n=2) and reduced IR (OR 0.82, CI 0.74-0.92, p< 0.001) (n= 12). We also found an increased CR (OR 1.50, CI 1.22-1.84, p< 0.001) (n= 12).  No difference in mature oocyte yield was found (n=6).
Treated Endometriosis

Secondary outcomes were reported in the following study groups for women with treated endometriosis compared to controls.
Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

No NC or NC/ART studies reported CPR, LBR or MR. In IVF/ICSI studies, there was no difference in CPR (n= 8), LBR (n= 4), or MR (n= 5).
Late Pregnancy Complications

No NC or IVF/ICSI studies reported late pregnancy or neonatal complications. Three NC/ART studies reported late pregnancy complications. There was no increased risk of LSCS (n= 3). Individual studies reported other late pregnancy outcomes and found an increased risk of GDM, increased risk of PTD, PP, PPH, PIH, PET, abruption and SGA and no difference in risk of IUD. One study reported an increased risk of NND.
IVF/ICSI Treatment Outcomes

Oocyte yield (MD -1.21, CI -1.40, -1.02, p<0.001) (n= 6), mature oocyte yield (MD -1.27, CI -1.45, -1.08, p<0.001) (n= 3) and FR were reduced (OR 0.92, CI 0.86-0.99, p= 0.03) (n=2). There was no difference in IR (n=3) or CR (n=3).
Untreated Endometriosis

One study examined the effect of untreated endometriosis on fertility and reproductive outcomes, and found no difference in CPR, MR, oocyte yield, FR or IR.
Endometriosis subtypes analysis

Stage I-II Endometriosis

Secondary outcomes were reported in the following study groups for women with stage I-II endometriosis compared to controls.
Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

No NC studies reported any of our secondary, late pregnancy or neonatal outcomes. One NC/ART study reported an increased MR and no other secondary, late pregnancy or neonatal outcomes were reported. IVF/ICSI studies showed no difference in CPR (n=14) or LBR (n=8) but demonstrated an increased MR (OR 1.39, CI 1.05-1.85, p= 0.02) (n=10).
Late Pregnancy and Neonatal Complications

One IVF/ICSI study found no increased risk of LSCS, PPH, GDM, PET, PP, PTD or NNU admission. No other studies examined late pregnancy complications. 
IVF/ICSI Treatment Outcomes

There was a reduced FR (OR 0.77, CI 0.63-0.93, p= 0.007) (n= 8) and IR (OR 0.76, CI 0.62-0.93, p= 0.008) (n=8) and an increased CR (OR 1.74, CI 1.13-2.67, p=0.01) (n= 4). There was no difference in oocyte yield (n=11) or number of mature oocytes (n= 3).
Stage III-IV Endometriosis

Secondary outcomes were reported in the following study groups for women with stage III-IV endometriosis compared to controls.
Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

No NC studies reported any of our secondary, late pregnancy or neonatal outcomes. One NC/ART study reported an increased MR and no other secondary, late pregnancy or neonatal outcomes were reported.  In IVF/ICSI studies, there was no difference in CPR (n= 14) but there was a reduced LBR (OR 0.78, CI 0.65-0.95, p=0.01) (n= 10) and increased MR (OR 1.31, CI 1.03-1.67, p=0.03) (n=10).
Late Pregnancy and Neonatal Complications

IVF/ICSI studies found no difference in risk of PET (n=2) or PPH (n=2). One IVF/ICSI study reported an increased risk of LSCS, PTD and risk of NNU admission but no difference in risk of PP or GDM and another found no increased risk of IUD. 
IVF/ICSI Treatment Outcomes

There was a significant reduction in oocyte yield (MD -1.69, CI -2.45, -0.92, p< 0.001) (n= 11), mature oocyte yield (MD -0.76, CI -1.48, -0.05, p=0.04)(n=4) and IR (OR 0.80, CI 0.70-0.92, p=0.001) (n= 11). There was no difference in FR (n= 7) or CR (n= 4).
Endometrioma

Secondary outcomes were reported in the following study groups for women with endometrioma compared to controls.
Clinical Pregnancy Rate, Live Birth Rate and Miscarriage Rate

There were no NC or NC/ART studies eligible for inclusion. Studies in IVF/ICSI conceived pregnancies found no difference in CPR (n=9), LBR (n=5) or MR (n=4).
Late Pregnancy and Neonatal Complications

There was no difference in risk of PTD or SGA (n=2) in IVF/ICSI studies. One study demonstrated no increased risk of LSCS. No other late pregnancy or neonatal complications were reported.
IVF/ICSI Treatment Outcomes

There was lower oocyte yield (MD -1.22, CI -1.96, -0.49 p=0.001) (n= 12) and lower mature oocyte yield (MD -2.24, CI -3.40, -1.09, p<0.001) (n=4). There was no difference in IR (n=3) or CR (n=5). Two studies reported fertilisation rate, but data could not be combined. One study found an increased FR and the other found no difference in FR.
Deep Infiltrating Endometriosis

Only three studies met inclusion criteria for the presence of deep infiltrating endometriosis (DIE). One study was an IVF/ICSI study (Queiroz Vaz et al. 2017), one was NC/ART (Santulli et al. 2016) and the other NC (Exacoustos et al. 2016) and therefore no data could be combined in meta-analysis. Santulli et al reported that MR was higher in patients with DIE. Vaz et al found no difference in CPR or MR. Exacoustos et al reported an increased risk of PTD, PP, PA and LSCS in women with DIE but no difference in risk of PIH, GDM and SGA.
Qualitative analysis

Uncommon obstetric complications in women with endometriosis

Haemoperitoneum in pregnancy

The overall prevalence of spontaneous haemoperitonium in pregnancy (SHiP) is believed to be 0.4% (Vigano, Corti, and Berlanda 2015). The retrospective review by Katorza et al (Katorza et al. 2007) to identify any late pregnancy complications of 800 women with known endometriosis found that three cases of intra-abdominal bleeding occurred in the third trimester from endometriotic lesions and thin-walled varicosities. 

Our systematic literature search resulted in five individual case reports (Cozzolino et al. 2015; Petresin et al. 2016; Reif et al. 2011; Williamson et al. 2011; Roche et al. 2008) and five published systematic reviews investigating this complication. A systematic review by Maggiore et al in 2017 (Leone Roberti Maggiore et al. 2017) found 39 cases of SHiP in women with endometriosis but a more recent review found out of 75 recorded cases of SHiP, 53 of them were in women suffering with endometriosis (Glavind et al. 2018). In a large review by Lier et al identifying 59 cases of endometriosis-related SHiP, 56 of the cases were managed surgically, at which time, in 51 out of 56 cases, the cause of bleeding was directly linked to endometriosis (Lier, Malik, et al. 2017).  This is higher than a finding in an earlier review (I. Brosens et al. 2012) where >50% of cases of SHiP were found to be caused by endometriosis. 

SHiP may be due to adhesions put under tension as the gravid uterus enlarges, chronic inflammation causing tissues affected by endometriosis to be more friable, invasion of endometriotic  lesions into blood vessel walls or from pre-existing endometriotic lesions undergoing decidualisation secondary to the progesterone levels of pregnancy (Leone Roberti Maggiore et al. 2016). SHiP carries a high risk of maternal morbidity and is associated with 31% mortality of the fetus (I. Brosens et al. 2012).
Adnexal masses 

Adnexal masses are found in 0.5-1.2% of pregnancies (Leone Roberti Maggiore et al. 2016). Ovarian endometrioma are the most common adnexal mass diagnosed in pregnancy (1:200) (I. Brosens et al. 2012). The cyst can increase in size in 5-20% of cases (Vigano, Corti, and Berlanda 2015) and a rapidly enlarging endometrioma is associated with a risk of abscess formation and rupture (I. Brosens et al. 2012). Fourteen cases of endometrioma rupture and three cases of infection were found in a review by Maggiore et al (Leone Roberti Maggiore et al. 2016). Endometrioma mimicking malignancy has been noted in pregnancy due to extensive decidualisation within the cyst in response to increasing progesterone (Leone Roberti Maggiore et al. 2016; Barbieri et al. 2009; L. H. Taylor et al. 2015). It should also be noted that endometrioma at the time of oocyte retrieval in IVF/ICSI treatment carries a higher risk of abscess formation than in women without endometrioma (Somigliana et al. 2015). 
Other sites of endometriosis

Decidualisation of other sites of endometriosis including the bladder, umbilicus, caesarean section scar and vulva have also been documented in case reports where the lesions are mistaken for malignancy (Leone Roberti Maggiore et al. 2016). Distant site decidualisation of endometriosis in pregnancy has also been documented in the form of spontaneous pneumothorax (four cases), pseudoaneurysm of the thoracic aorta at the repair site of surgically corrected coarctation (one case) and para-aortic lymph nodes (one case) (Leone Roberti Maggiore et al. 2016). 
Bowel perforation

Two case reports were identified in our search; one case demonstrated a woman who suffered an ileal perforation with abscess formation during pregnancy and caesarean section delivery was performed with severe bladder injury due to pelvic endometriosis. The histological findings from the terminal ileum confirmed endometriosis (Nishikawa et al. 2013). Another reported perforation of the rectosigmoid at 33 weeks gestation in a woman with known rectosigmoid stenosis and four previous operative laparoscopies for stage IV endometriosis (Carneiro et al. 2018). Overall, seventeen cases of intestinal perforation in pregnancy secondary to endometriosis have been found in systematic reviews by Maggiore et al and Glavind et al (Leone Roberti Maggiore et al. 2017; Glavind et al. 2018).
Appendicitis

Appendiceal endometriosis is rare, with a prevalence of 2.8% in women with endometriosis. Ten cases of acute appendicitis due to appendiceal endometriosis have been documented in pregnancy (Leone Roberti Maggiore et al. 2017). 
Ureteral rupture

Ureteral rupture has been documented in two case reports. One consisted of a woman who had stage IV endometriosis and a nodule of endometriosis on the right broad ligament where the nodule was found to have caused rupture of the right uterine artery and rupture of the right ureter at the level of the nodule (Vigano, Corti, and Berlanda 2015) and the other reported uroperitoneum in a woman who had previously had a transurethral bladder nodule resection (Leone Roberti Maggiore et al. 2015)
Uterine rupture

A large review by Maggiore et al (Leone Roberti Maggiore et al. 2017) has identified 63 cases of uterine rupture of pregnancy in women with endometriosis (five of which also had adenomyosis). Three cases of uterine rupture in women with history of endometriosis surgery have been documented in a review (Vigano, Corti, and Berlanda 2015). One case has documented rupture due to endometriosis at the level of a uterine scar six weeks post caesarean section delivery (Leone Roberti Maggiore et al. 2016).
Uncommon obstetric complications in women with adenomyosis

Abscess formation

Our systematic review has identified one case report of a rapidly increasing adenomyosis resulting in preterm labour and postpartum abscess formation within the myometrium. It is theorised that decidualisation and haemorrhage occurred in the adenomyotic foci during the pregnancy and following delivery an ischaemic state occurred giving rise to abscess formation (S. C. Kim et al. 2016). 
Degeneration

A Japanese case report documented the diagnostic difficulty of distinguishing degeneration of adenomyomas (eventually diagnosed post-natally with CT and MRI) from chorioamnionitis or adenomyosis abscess formation (Hirashima et al. 2018).
Uterine rupture

In a review by Soave et al., a study was identified that investigated the risk of uterine rupture in a prospective study of 23 women having open abdominal treatment of adenomyosis. Eight women suffered a miscarriage, just over half of the women went on to have a delivery and 8.7% suffered a uterine rupture (Soave et al. 2018).

It has also been proposed that there is an increased risk of severe post-partum haemorrhage in women with adenomyosis, supported by a prevalence of 17.2% found histologically in women who have needed a caesarean hysterectomy (Vlahos, Theodoridis, and Partsinevelos 2017).

A systematic review by Maheshwari et al also found case reports of adenomyosis or adenomyosis surgery resulting in uterine perforation and rupture in pregnancy and ectopic pregnancies within areas of adenomyosis (Maheshwari et al. 2012). 
Discussion
In this systematic review and meta-analysis, we investigated the reproductive, obstetric and neonatal outcomes of women with endometriosis and adenomyosis. The data on the impact of the disease on gametes and fertilisation was derived from studies with a population of women undergoing IVF/ICSI treatment, where data pertaining to fertilisation and embryo development can be obtained from routinely recorded laboratory observations; whilst the outcomes on early and late pregnancy complications were obtained from the collation of data from a combination of epidemiological data as well as case-control studies.
Main findings 
The main findings are reported in Table 4 and summarised in Figure 6.
This analysis found that no studies reported a healthy baby rate, and none presented data whereby a healthy baby rate could be calculated by the reviewers. While clinical pregnancy rate and live birth rate are important outcomes of interest, a healthy baby rate may be more meaningful to women with endometriosis or adenomyosis in light of the growing evidence of obstetric and neonatal complications associated with the diseases.
IVF/ICSI treatment outcomes

All comparative analyses of endometriosis in IVF/ICSI studies of this meta-analysis demonstrate a negative impact of the disease on various IVF parameters, in agreement with current evidence, and give us insight into the effect on early gamete and embryo development. We found endometriosis consistently leads to reduced oocyte yield and a reduction in mature oocytes in the more severe subtype and those affected by endometrioma. This is indicative of altered folliculogenesis and oocyte development the cause of which may be due to altered steroidogenesis and raised inflammatory markers in the follicular environment. Dysfunctional steroidogenesis in endometriosis patients results in oestrogen levels that are increased in the peritoneal fluid but decreased in the follicular fluid (Xu et al. 2015; Gupta et al. 2008). Elevated interleukins seen in endometriosis patients can cause cell cycle abnormalities such as those preventing p27 breakdown leading to G0 arrest (Gupta et al. 2008) and follicles with higher levels of interleukins are more likely to contain an immature oocyte (Sanchez et al. 2017). We found a reduced fertilisation rate implicating poorer oocyte quality in line with findings of reactive oxygen species-induced DNA damage, spindle abnormalities and reduced membrane integrity in endometriosis, which contribute to oocyte damage, degradation or apoptosis (Gupta et al. 2008). During the ICSI process, reactive oxygen species can also induce embryonic fragmentation and result in fewer blastocysts (Gupta et al. 2008). Morphological differences in oocytes have also been noted in endometriosis patients including increased cytoplasmic granulation, increased zona pellucida hardening, lower mitochondrial content and a higher proportion of abnormal mitochondria which may have a negative impact on fertilisation (Sanchez et al. 2017). In all stages of endometriosis, we found reduced implantation rate, demonstrating a potential clinical impact of changes found at the molecular level in endometrial gene expression (H. S. Taylor 1999; Kao et al. 2003; Casals et al. 2012), adhesion molecules (Bridges et al. 1994; B A Lessey et al. 1994; Bruce A Lessey 2002) implantation markers and local response to progesterone (de Ziegler et al. 2016). 
Early pregnancy complications

The IVF/ICSI studies also reveal an increased risk of miscarriage is associated with adenomyosis and endometriosis of all ASRM stages, further supporting a theory of suboptimal implantation and early development. 

We found over three-fold increased risk of miscarriage in adenomyosis patients with IVF pregnancy and this miscarriage risk was not commonly reported in NC studies. The risk of miscarriage for women with endometriosis was 30% higher than in controls in pregnancy conceived by any mode of conception. 
Late pregnancy and neonatal outcomes

We found that endometriosis can be associated with a range of obstetric and fetal complications in IVF pregnancies compared to non-endometriosis IVF controls, including preterm delivery (50% higher risk than controls), caesarean section delivery (73% higher risk), placenta praevia (over three-fold risk) and neonatal unit admission following delivery (approximately two-fold increased risk). We found similar complications are associated with endometriosis in pregnancies by any mode of conception (NC/ART) compared to non-endometriosis controls including a 38% increased risk of preterm delivery, 18% higher risk of preeclampsia, 87% higher risk of placental abruption, 29% higher risk of neonatal unit admission following delivery, 25% higher risk of intra-uterine death, nearly two-fold increase in caesarean section delivery and over three-fold increased risk of placenta praevia. Women with endometriosis conceiving naturally were shown to have an increased risk of caesarean section delivery (82% higher risk), preterm delivery (42% higher risk) and pregnancy induced hypertension (29% increased risk) compared to controls. 

These findings suggest possible implantation and placentation abnormalities but data on individual endometriosis subtypes was lacking to draw conclusions regarding subtype specific complications. Implantation and early placentation is differentially modulated in the endometrium of women with endometriosis compared to those without, for example in the differential expression of key factors in decidualisation and implantation by way of aberrant angiogenesis, immune remodelling, alternations in cell adhesion molecules, matrix remodelling, and immune signalling (May et al. 2011; de Ziegler et al. 2016; Bruce A Lessey 2002) and the overexpression of vascular endothelial growth factor, angiopoietins and their receptor. Several changes found in endometriosis could be implicated in the association with placental insufficiency disorders. The thickness of the junctional zone (JZ) has been shown to be increased (Kunz et al. 2000), endometrial blood perfusion is increased (Xavier et al. 2005; de Ziegler et al. 2016) and there may be suppression of HOXA-10 upregulation which regulates endometrium receptivity to implantation (de Ziegler et al. 2016). Suboptimal placentation can also result from defective spiral artery remodelling at the JZ of the myometrium-endometrium interface together with the size of placental bed and distribution of spiral artery transformation within the placental bed favouring the centre to the periphery (I. Brosens et al. 2011; de Ziegler et al. 2016), although this has not been investigated specifically in endometriosis or adenomyosis. These known pathological processes could give rise to increased risk of miscarriage, pre-eclampsia, pregnancy induced hypertension, preterm labour, intra-uterine death, placental abruption and placenta praevia. The higher risk of lower segment caesarean section delivery was found in IVF/ICSI and NC/ART studies but was not found in women conceiving naturally.  This outcome is possibly a consequence of the aforementioned obstetric complications or may be influenced by conceiving through ART, either through additional physiological differences in these pregnancies or through a lower threshold to deliver by caesarean in women who have struggled with infertility. Whether the presence of these abnormalities in women with endometriosis and adenomyosis are responsible for the increased risk of early miscarriages and/or later obstetrics complications will need to be borne out of future longitudinal large cohort studies.

Disease subtype specific outcomes

Disease and subtype specific outcomes are also observed in our meta-analysis and systematic review although sensitivity analysis for these subgroups revealed that a number of findings must be viewed with caution due to results being influenced by small numbers of studies in these areas (Supplementary Table 3). Milder forms of endometriosis are more likely to affect the fertilisation and earlier implantation processes and impact on miscarriage risk as depicted in Figure 6. The more severe disease (ASRM III and IV) influence all stages of reproduction, from the stages of oocyte and gamete development to early and later pregnancy complications (Figure 6). Ovarian endometriosis negatively affects the oocyte yield and number of mature oocytes per IVF/ICSI cycle compared to controls. Our group and others have shown that conditions with elevated reactive oxidative species such as endometriosis can detrimentally impact on follicular maturation with resultant meiotic spindle and oocyte DNA damage (Mukhri Hamdan et al. 2016; Gupta et al. 2008). The evidence that can be collated on DIE is less complete due to the lack of studies with suitable control groups, and many studies did not differentiate DIE from ASRM stages III-IV disease. It is, however, observed that DIE is associated with an increased miscarriage risk, and a reduced cumulative pregnancy rate (Ballester et al. 2012), with associated complications ante-natally such as those late pregnancy outcomes of our analysis (Table 4). There is also a growing number of case reports highlighting uncommon ante-natal complications which pose significant morbidity and mortality risks to both mother and fetus. In our systematic literature search we identified twelve case reports (L. H. Taylor et al. 2015; Williamson et al. 2011; Roche et al. 2008; Petresin et al. 2016; S. C. Kim et al. 2016; Cozzolino et al. 2015; Barbieri et al. 2009; Nishikawa et al. 2013; Reif et al. 2011; Katorza et al. 2007; Carneiro et al. 2018; Hirashima et al. 2018) and twelve literature and systematic reviews analysing uncommon adverse maternal outcomes (Soave et al. 2018; Lier, Malik, et al. 2017; Glavind et al. 2018; Lier, Brosens, et al. 2017; Leone Roberti Maggiore et al. 2017; Vlahos, Theodoridis, and Partsinevelos 2017; Masouridou et al. 2012; Vigano, Corti, and Berlanda 2015; Leone Roberti Maggiore et al. 2016; Daraï, Cohen, and Ballester 2017; Koninckx, Zupi, and Martin 2018; Maheshwari et al. 2012). The reports included uterine rupture, ovarian cyst accidents requiring surgery in pregnancy, spontaneous haemoperitoneum and spontaneous bowel perforation. Furthermore deep infiltrating endometriosis and severe endometriosis are associated with third and fourth degree tears due to rectovaginal endometriotic lesions (Thomin et al. 2018) and increased surgical complications at caesarean section delivery including bladder injury, bowel injury and peri-partum hysterectomy. Increased risk of perineal injury may be due to the infiltrating disease causing tissues to be more friable.
Implications for clinical practice

Although collation of all data into a thorough and conclusive meta-analysis to fully explore the impact of endometriosis and adenomyosis on obstetric and fetal complications is hindered by heterogeneity of current studies, evidence of the disease-outcome link is broad. Therefore, we feel the evidence is such that a paradigm shift is required towards an increased awareness of the impact of the disease on preimplantation embryo programming, the obstetric impact on the mother and the longer-term impact on the health of the children born. Whilst super-specialisation is increasingly polarising obstetrics and gynaecology, the care of women with adenomyosis and endometriosis undoubtedly warrants a more joined-up approach in gynaecological, preconception and antenatal management. These women, particularly those with more severe stages of disease or following extensive abdominal surgery, should be counselled regarding the risks beyond difficulty trying to conceive. They should be informed of the increased risks of early and late pregnancy complications and the potential morbidity involved, especially in the sphere of assisted reproduction where the risks may be higher and women are medically assisted to achieve higher risk pregnancies. The shift in perception of risk with these women should also precipitate into their antenatal and peri-partum management where risk modifying steps may be taken, for example increased antenatal blood pressure monitoring or consideration of aspirin for associated risk of pregnancy induced hypertension and pre-eclampsia or planned delivery in hospital due to associated risk of lower segment caesarean section deliveries and neonatal admission. Careful counselling may be indicated for women with severe endometriosis and deeply infiltrating disease, particularly those who have had extensive surgery owing to the associated risks of SHiP, surgical complications at caesarean section and complications at vaginal delivery. As well as pre-conception advice, particular caution may be warranted in the sphere of assisted reproduction where clinicians may be taking some responsibility in facilitating a higher risk pregnancy. Clinicians in reproductive medicine should communicate these risks to their obstetric colleagues in early pregnancy.
Explanation of findings

There is no doubt that the reproductive impact of the aforementioned disorders starts at the early stages of gamete and embryo development and that the impact is throughout the life course of reproduction. The Barker’s hypothesis, where adverse events during the peri-implantation period may program development and influence disease later in life (Barker 1990), is extensively studied in relation to overt over and under-nutrition in animal models and human studies. The concept of Barker’s hypothesis in the context of endometriosis has only been explored pertaining to the aetiology and how in-utero exposure to environmental factors may influence the development of endometriosis in the offspring (Wei et al. 2016). However, the abnormally placed endometrial glands and stroma in adenomyosis and endometriosis creates a suboptimal developmental environment for the conceptus within the reproductive tract (Robertson et al. 2015; Salamonsen et al. 2016), and hence has implications that warrant exploration in the context of developmental programming, where aberrant decidualisation and placentation within the perturbed uterine environment can be linked not only to problems relating to placental insufficiency but also childhood and adult diseases. Many obstetric complications such as abnormal placentation, pre-eclampsia, preterm birth and preterm rupture of membranes have complex aetiology, and studies thus far have primarily focussed on the stages of later pregnancy and birth at which point the disease has already been established. Arguably, the fate of the pregnancy may have been determined much earlier on, although how the related aberrant uterine environment perturbs the progression of fertilisation, implantation and later pregnancy progression and birth outcomes in terms of a take-home healthy baby warrants further investigation.  No papers currently report on the ‘heathy baby rate’, defined as a live singleton birth at term of appropriate birthweight for gestation, or the health of the offspring in the context of endometriosis and this review highlights the need for future studies to consider these key reproductive outcomes and the health of the offspring.
Strengths and weaknesses of the study

This is an extensive review and has attempted to examine all published work on the reproductive impacts of endometriosis and adenomyosis to emphasise the need for a holistic rather than a polarised view of the conditions. The papers included demonstrate low publication bias by funnel plot analysis (Supplementary Table 3), however a minimal level of bias may exist towards studies published in English; while five studies were successfully translated for inclusion, this was not possible in two other studies. Owing to the nature of systematic reviews, this meta-analysis is confounded by heterogeneity of the clinical studies included although strict criteria were applied to minimise this. Due to the size of this meta-analysis, literature search and data extraction was performed independently by a second reviewer for studies between the years 2000 and 2010. While no discrepancies were highlighted, a complete second reviewer search and extraction would have reduced the risk of study selection bias. The gold standard for diagnosis of endometriosis and its subtypes is laparoscopy; where studies use database medical records or imaging, it is possible that false positive and false negative error is occurring, and this reduces the reliability of observed results.  Control cohorts in IVF/ICSI studies vary widely between mixed aetiology infertility, male factor, tubal factor or unexplained infertility. These causes of infertility may also influence the fertility and reproductive outcomes of interest and may not represent a consistent control in this analysis. Individual protocols for ovarian stimulation and other factors in the assisted reproduction treatment between units and countries and across the time period included in our meta-analysis introduces heterogeneity.
Implications for future research

The heterogeneity of studies is difficult to overcome in a review of 104 papers but this meta-analysis highlights that a more unified approach to studying fertility and reproductive outcomes in these patients is essential in improving knowledge in this area and making a real impact on managing subfertility, the ante-natal and intra-partum course. It would be of importance to investigate whether through surgical treatment there is the potential to modify health risks highlighted in this review for both women affected by endometriosis and their offspring. Thorough investigation of the risk to women with endometriosis or adenomyosis undertaking oocyte donation IVF is also warranted to extrapolate the risks associated with these pregnancies, where the oocyte and early embryo development is unaffected by the disease but may be influenced following implantation.  
Conclusion

From the current literature, we conclude that adenomyosis and endometriosis have a negative impact on parameters pertaining to the whole reproductive course, from oocyte number and quality to neonatal outcomes. Compared to women without endometriosis, pregnancy outcomes in IVF, ART pregnancies and spontaneously conceived pregnancies are negatively affected with emerging evidence of an increased risk of preterm delivery, pre-eclampsia, placenta praevia, caesarean section delivery and need for neonatal admission. These complications could be caused by dysfunctional uterine changes impairing the decidualisation and placentation process and therefore these conditions could potentially have far reaching consequences as suggested by Barker’s hypothesis. Studies in this area lack longer term follow up into the neonatal period and beyond to verify this theory. There is insufficient data on the effect of adenomyosis in IVF parameters and intra-uterine death and neonatal death were under-reported in the available literature.

Subtypes of endometriosis and the disease adenomyosis have specific impacts on different fertility and reproductive outcomes but these are subtle, and the outcome profiles of each subtype are not fully revealed due to the quality and heterogeneity of the studies available. 

A more unified and consistent approach to studying fertility and reproductive outcomes in the area of endometriosis and adenomyosis with longer term follow up of the offspring and attention to the subtype of disease is necessary to explore a possible link with developmental programming and the complication profiles of disease subtypes. In order for clinical data to be useful in future research, a consensus on the diagnosis and grading of adenomyosis and accurate recording of disease subtype in endometriosis is required.
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Figure and Table Legends

Figure 1: PRISMA flow chart of selection process

Figure 2: Clinical pregnancy rate, miscarriage rate, live birth rate and late pregnancy outcomes for women  with adenomyosis compared to non-adenomyosis controls

Figure 3:  Outcomes for women conceiving via IVF/ICSI with endometriosis compared to non-endometriosis controls

Figure 4: Outcomes for women conceiving by NC/ART with endometriosis compared to those non-endometriosis controls

Figure 5: Outcomes for women conceiving naturally with endometriosis compared to non-endometriosis controls

Figure 6: Summary of findings: Impact of adenomyosis and endometriosis on fertility, obstetric and neonatal outcomes
Table 1: All included studies

Table 2: Risk of Bias Downs and Black Score

Table 3: A summary of the risk of late pregnancy and neonatal complications in endometriosis compared to controls according to the mode of conception

Key:   ( = Risk significantly increased in endometriosis;  ( = No difference in risk;  blank = No data for meta-analysis
Table 4: Summary of findings

Key: HBR = healthy baby rate; PTD = preterm delivery; PPH = post-partum haemorrhage; CPR = clinical pregnancy rate; SGA = small for gestational age; LSCS = lower segment caesarean section; LBR = live birth rate;  PP = placenta praevia; IUD = intra-uterine death; MR = miscarriage rate; PA = placental abruption; NNU = neonatal admission; PIH = pregnancy induced hypertension; NND = Neonatal death; OR = ovarian response (oocyte yield); PET = pre-eclampsia; M2 = mature (MII) oocytes; FR = fertilisation rate; GDM = gestational diabetes; CR = cycle cancellation rate; IR = implantation rate;  = significantly increased in meta-analysis; (= result decreased but insufficient data for meta-analysis;  = significantly decreased in meta-analysis; (= result increased but insufficient data for meta-analysis; ( = result equivocal; Blank = no data
References
Al-Azemi M, Bernal A, Steele J, Gramsbergen I, Barlow D, Kennedy S. “Ovarian Response to Repeated Controlled Stimulation in In-Vitro Fertilization Cycles in Patients with Ovarian Endometriosis.” Human Reproduction (Oxford, England) 2000: 15 (1); 72–75. 
Al-Fadhli R, Kelly SM, Tulandi T, Tan SL. “Effects of Different Stages of Endometriosis on the Outcome of in Vitro Fertilization.” Journal of Obstetrics and Gynaecology Canada : Journal d’obstetrique et Gynecologie Du Canada : JOGC 2006: 28 (10); 888–91. 

AlKudmani B, Gat I, Buell D, Salman J, Zohni K, Librach C, Sharma P. “In Vitro Fertilization Success Rates after Surgically Treated Endometriosis and Effect of Time Interval between Surgery and In Vitro Fertilization.” Journal of Minimally Invasive Gynecology 2018: 25 (1); 99–104.

Arici, AE, Bukulmez O, Duleba A, Olive DL, Jones EE. “The Effect of Endometriosis on Implantation: Results from the Yale University in Vitro Fertilization and Embryo Transfer Program.” Fertility and Sterility 1996: 65 (3); 603–7. 

Aris A. “A 12-Year Cohort Study on Adverse Pregnancy Outcomes in Eastern Townships of Canada: Impact of Endometriosis.” Gynecological Endocrinology 2014: 30 (1); 34–37. 

Ashrafi M, Fakheri T, Kiani K, Sadeghi M, Akhoond MR. “Impact of the Endometrioma on Ovarian Response and Pregnancy Rate in in Vitro Fertilization Cycles.” International Journal of Fertility & Sterility 2014: 8 (1); 29–34. 

Ballester M, Oppenheimer A, Mathieu d’Argent E, Touboul C, Antoine JM, Nisolle M, Daraï E. “Deep Infiltrating Endometriosis Is a Determinant Factor of Cumulative Pregnancy Rate after Intracytoplasmic Sperm Injection/in Vitro Fertilization Cycles in Patients with Endometriomas.” Fertility and Sterility 2012: 97 (2); 367–372. 
Barbieri M, Somigliana E, Oneda S, Ossola MW, Acaia B, Fedele L. “Decidualized Ovarian Endometriosis in Pregnancy: A Challenging Diagnostic Entity.” Human Reproduction 2009: 24 (8); 1818–24. 

Barbosa MAP, Teixeira DM, Navarro PAAS, Ferriani RA, Nastri CO, Martins WP. “Impact of Endometriosis and Its Staging on Assisted Reproduction Outcome: Systematic Review and Meta-Analysis.” Ultrasound in Obstetrics & Gynecology 2014: 44 (3); 261–78. 

Barker D J. “The Fetal and Infant Origins of Adult Disease.” BMJ (Clinical Research Ed.) 1990: 301 (6761); 1111.

Barnhart K, Dunsmoor-Su R, Coutifaris C. “Effect of Endometriosis on in Vitro Fertilization.” Fertility and Sterility 2002: 77 (6); 1148–55. 

Benaglia L, Bermejo A, Somigliana E, Scarduelli C, Ragni G, Fedele L, Garcia-Velasco JA. “Pregnancy Outcome in Women with Endometriomas Achieving Pregnancy through IVF.” Human Reproduction 2012: 27 (6); 1663–67. 

Benaglia L, Bermejo A, Somigliana E, Faulisi S, Ragni G, Fedele L, Garcia-Velasco JA. “In Vitro Fertilization Outcome in Women with Unoperated Bilateral Endometriomas.” Fertility and Sterility 2013: 99 (6); 1714–19. 

Benaglia L, Candotti G, Busnelli A, Paffoni A, Vercellini P, Somigliana E. “Antral Follicle Count as a Predictor of Ovarian Responsiveness in Women with Endometriomas or with a History of Surgery for Endometriomas.” Fertility and Sterility 2015: 103 (6); 1544–1550 

Benaglia L, Candotti G, Papaleo E, Pagliardini L, Leonardi M, Reschini M, Quaranta L et al. “Pregnancy Outcome in Women with Endometriosis Achieving Pregnancy with IVF.” Human Reproduction 2016: 31 (12); 2730–36. 

Bergendal A, Naffah S, Nagy C, Bergqvist A, Sjöblom P, a Hillensjö T. “Outcome of IVF in Patients with Endometriosis in Comparison with Tubal-Factor Infertility.” Journal of Assisted Reproduction and Genetics 1998: 15 (9); 530–34. 

Berlac JF, Hartwell D, Wessel Skovlund C, Langhoff-Roos J, Lidegaard Ø. “Endometriosis Increases the Risk of Obstetrical and Neonatal Complications.” Acta Obstetricia et Gynecologica Scandinavica 2017: 96 (6); 751–60. 

Bongioanni F, Revelli A, Gennarelli G, Guidetti D, Delle Piane L, Holte J. “Ovarian Endometriomas and IVF: A Retrospective Case-Control Study.” Reproductive Biology and Endocrinology  2011: 9 (81); 1-6. 

Borges E, Braga DPAF, Setti AS, Vingris LS, Figueira RCS, Iaconelli A. “Endometriosis Affects Oocyte Morphology in Intracytoplasmic Sperm Injection Cycles?” JBRA Assisted Reproduction 2015: 19 (4); 235–40. 

Bridges JE, Prentice A, Roche W, Englefield P, Thomas EJ. “Expression of Integrin Adhesion Molecules in Endometrium and Endometriosis.” BJOG: An International Journal of Obstetrics and Gynaecology 1994: 101 (8); 696–700. 

Brosens  IA, De Sutter P, Hamerlynck T, Imeraj L, Yao Z, Cloke B, Brosens JJ, Dhont M. “Endometriosis Is Associated with a Decreased Risk of Pre-Eclampsia.” Human Reproduction 2007: 22 (6); 1725–29. 

Brosens  I, Brosens JJ, Fusi L, Al-Sabbagh M, Kuroda K, Benagiano G. “Risks of Adverse Pregnancy Outcome in Endometriosis.” Fertility and Sterility 2012: 98 (1); 30–35. 

Brosens I, Pijnenborg R, Vercruysse L, Romero R. “The ‘Great Obstetrical Syndromes’ Are Associated with Disorders of Deep Placentation.” American Journal of Obstetrics and Gynecology 2011: 204 (3); 193–201. 

Bruun MR, Arendt LH, Forman A, Ramlau-Hansen CH. “Endometriosis and Adenomyosis Are Associated with Increased Risk of Preterm Delivery and a Small-for-Gestational-Age Child: A Systematic Review and Meta-Analysis.” Acta Obstetricia et Gynecologica Scandinavica 2018: 97 (9); 1073–90. 

Bukulmez O, Yarali H, Gurgan T. “The Presence and Extent of Endometriosis Do Not Effect Clinical Pregnancy and Implantation Rates in Patients Undergoing Intracytoplasmic Sperm Injection.” European Journal of Obstetrics, Gynecology, and Reproductive Biology 2001: 96 (1); 102–7. 

Burney RO, Giudice LC. “Pathogenesis and Pathophysiology of Endometriosis.” Fertility and Sterility 2012: 98 (3); 511–19. 

Canis M, Pouly JL, Tamburro S, Mage G, Wattiez A, Bruhat MA. “Ovarian Response during IVF-Embryo Transfer Cycles after Laparoscopic Ovarian Cystectomy for Endometriotic Cysts of >3 Cm in Diameter.” Human Reproduction (Oxford, England) 2001: 16 (12); 2583–86. 

Carneiro M, Costa L, Torres M, Gouvea P, Ávila I. “Intestinal Perforation Due to Deep Infiltrating Endometriosis during Pregnancy: Case Report.” Revista Brasileira de Ginecologia e Obstetrícia / RBGO Gynecology and Obstetrics 2018: 40 (04); 235–38. 

Carvalho LFP, Below A, Abrão MS, Agarwal A. “Minimal and Mild Endometriosis Negatively Impact on Pregnancy Outcome.” Revista Da Associacao Medica Brasileira 2012: 58 (5); 607–14. 

Casals G, Ordi J, Creus M, Fabregues F, Carmona F, Casamitjana R, Balasch J. “Expression Pattern of Osteopontin and v 3 Integrin during the Implantation Window in Infertile Patients with Early Stages of Endometriosis.” Human Reproduction 2012: 27 (3); 805–13. 

Chang MY, Chiang CH, Hsieh TT, Soong YK, Hsu KH. “The Influence of Endometriosis on the Success of Gamete Intrafallopian Transfer (GIFT).” Journal of Assisted Reproduction and Genetics 1997: 14 (2); 76–82. 

Chen I, Lalani S, Xie RH, Shen M, Singh SS, Wen SW. “Association between Surgically Diagnosed Endometriosis and Adverse Pregnancy Outcomes.” Fertility and Sterility 2018: 109 (1); 142–47. 

Cheong Y, Boomsma C, Heijnen C, Macklon N. “Uterine Secretomics: A Window on the Maternal-Embryo Interface.” Fertility and Sterility 2013: 99 (4); 1093–99. 

Chiang CH, Chang MY, Shiau CS, Hou HC, Hsieh TT, Soong YK. “Effect of a Sonographically Diffusely Enlarged Uterus without Distinct Uterine Masses on the Outcome of in Vitro Fertilization-Embryo Transfer.” Journal of Assisted Reproduction and Genetics 1999: 16 (7); 369–72.

Coccia ME, Rizzello F, Mariani G, Bulletti C, Palagiano A, Scarselli G. “Impact of Endometriosis on in Vitro Fertilization and Embryo Transfer Cycles in Young Women: A Stage-Dependent Interference.” Acta Obstetricia et Gynecologica Scandinavica 2011: 90 (11); 1232–38. 

Coelho Neto MA, Martins WP, Lima MLS, Barbosa MAP, Nastri CO, Ferriani RA, Navarro PA. “Ovarian Response Is a Better Predictor of Clinical Pregnancy Rate Following Embryo Transfer than Is Thin Endometrium or Presence of an Endometrioma.” Ultrasound in Obstetrics & Gynecology 2015: 46 (4); 501–5. 

Coelho Neto M, Martins W, Luz C, Jianini B, Ferriani R, Navarro P. “Endometriosis, Ovarian Reserve and Live Birth Rate Following In Vitro Fertilization/Intracytoplasmic Sperm Injection.” Revista Brasileira de Ginecologia e Obstetrícia / RBGO Gynecology and Obstetrics 2016: 38 (05); 218–24. 

Conti N, Cevenini G, Vannuccini S, Orlandini C, Valensise H, Gervasi MT, Ghezzi F, Di Tommaso M, Severi FM, Petraglia F. “Women with Endometriosis at First Pregnancy Have an Increased Risk of Adverse Obstetric Outcome.” The Journal of Maternal-Fetal & Neonatal Medicine 2015: 28 (15); 1795–98. 

Costello MF, Lindsay K, McNally G. “The Effect of Adenomyosis on in Vitro Fertilisation and Intra-Cytoplasmic Sperm Injection Treatment Outcome.” European Journal of Obstetrics & Gynecology and Reproductive Biology 2011: 158 (2); 229–34. 

Cozzolino M, Corioni S, Maggio L, Sorbi F, Guaschino S, Fambrini M. “Endometriosis-Related Hemoperitoneum in Pregnancy: A Diagnosis to Keep in Mind.” The Ochsner Journal 2015: 15 (3); 262–64.

Daraï E, Cohen J, Ballester M. “Colorectal Endometriosis and Fertility.” European Journal of Obstetrics & Gynecology and Reproductive Biology 2017: 209 (February); 86–94. 

Dong X, Liao X, Wang R, Zhang H. “The Impact of Endometriosis on IVF/ICSI Outcomes.” International Journal of Clinical and Experimental Pathology 2013: 6 (9); 1911–18. 

Dueholm M. “Uterine Adenomyosis and Infertility, Review of Reproductive Outcome after in Vitro Fertilization and Surgery.” Acta Obstetricia et Gynecologica Scandinavica 2017: 96 (6); 715–26. 

Exacoustos C, Lauriola I, Lazzeri L, De Felice G, Zupi E. “Complications during Pregnancy and Delivery in Women with Untreated Rectovaginal Deep Infiltrating Endometriosis.” Fertility and Sterility 2016: 106 (5); 1129–1135 

Falconer H, Sundqvist J, Gemzell-Danielsson K, von Schoultz B, D’Hooghe TM, Fried G. “IVF Outcome in Women with Endometriosis in Relation to Tumour Necrosis Factor and Anti-Müllerian Hormone.” Reproductive BioMedicine Online 2009: 18 (4); 582–88. 

Falconer H. “Pregnancy and Obstetric Outcomes in Women with Endometriosis.” In Endometriosis, 2012: 519–23. Oxford, UK: Wiley-Blackwell. 

Fernando S, Breheny S, Jaques AM, Halliday JL, Baker G, Healy D. “Preterm Birth, Ovarian Endometriomata, and Assisted Reproduction Technologies.” Fertility and Sterility 2009: 91 (2); 325–30. 

Frydman R, Belaisch-Allart JC. “Results of in Vitro Fertilization for Endometriosis.” Contributions to Gynecology and Obstetrics 1987: 16; 328–36. 

Fujii T, Wada-Hiraike O, Nagamatsu T, Harada M, Hirata T, Koga K, Fujii T, Osuga Y. “Assisted Reproductive Technology Pregnancy Complications Are Significantly Associated with Endometriosis Severity before Conception: A Retrospective Cohort Study.” Reproductive Biology and Endocrinology 2016: 14 (1); 73. 

Gasparri ML, Nirgianakis K, Taghavi K, Papadia A, Mueller MD. “Placenta Previa and Placental Abruption after Assisted Reproductive Technology in Patients with Endometriosis: A Systematic Review and Meta-Analysis.” Archives of Gynecology and Obstetrics 2018: 298 (1); 27–34. 

Geber S, Paraschos T, Atkinson G, Margara R, Winston RML. “Results of IVF in Patients with Endometriosis: The Severity of the Disease Does Not Affect Outcome, or the Incidence of Miscarriage.” Human Reproduction 1995: 10 (6); 1507–11. 

Glavind MT, Forman A, Arendt LH, Nielsen K, Henriksen TB. “Endometriosis and Pregnancy Complications: A Danish Cohort Study.” Fertility and Sterility 2017: 107 (1); 160–66. 

Glavind MT, Møllgaard MV, Iversen ML, Arendt LH, Forman A. “Obstetrical Outcome in Women with Endometriosis Including Spontaneous Hemoperitoneum and Bowel Perforation: A Systematic Review.” Best Practice & Research Clinical Obstetrics & Gynaecology 2018: 51 (August); 41–52. 

González-Comadran M, Schwarze JE, Zegers-Hochschild F, Souza MDCB, Carreras R, Checa MA. “The Impact of Endometriosis on the Outcome of Assisted Reproductive Technology.” Reproductive Biology and Endocrinology 2017: 15 (1); 8. 

González-Foruria I, Peñarrubia J, Borràs A, Manau D, Casals G, Peralta S, Creus M et al. “Age, Independent from Ovarian Reserve Status, Is the Main Prognostic Factor in Natural Cycle in Vitro Fertilization.” Fertility and Sterility 2016: 106 (2); 342–347.

Guler I, Erdem A, Oguz Y, Cevher F, Mutlu MF, Bozkurt N, Oktem M, Erdem M. “The Impact of Laparoscopic Surgery of Peritoneal Endometriosis and Endometrioma on the Outcome of ICSI Cycles.” Systems Biology in Reproductive Medicine 2017: 63 (5); 324–30. 

Gupta S, Goldberg JM, Aziz N, Goldberg E, Krajcir N, Agarwal A. “Pathogenic Mechanisms in Endometriosis-Associated Infertility.” Fertility and Sterility 2008: 90 (2); 247–57. 

Hadfield RM, Lain SJ, Raynes-Greenow CH, Morris JM, Roberts CL. “Is There an Association between Endometriosis and the Risk of Pre-Eclampsia? A Population Based Study.” Human Reproduction 2009: 24 (9); 2348–52. 

Hamdan M, Dunselman G, Li TC, Cheong Y. “The Impact of Endometrioma on IVF/ICSI Outcomes: A Systematic Review and Meta-Analysis.” Human Reproduction Update 2015: 21 (6); 809–25. 

Hamdan M, Jones KT, Cheong Y, Lane SIR. “The Sensitivity of the DNA Damage Checkpoint Prevents Oocyte Maturation in Endometriosis.” Scientific Reports 2016: 6 (1); 36994. 

Hamdan M, Omar SZ, Dunselman G, Cheong Y. “Influence of Endometriosis on Assisted Reproductive Technology Outcomes.” Obstetrics & Gynecology 2015: 125 (1); 79–88. 

Harada T, Taniguchi F, Onishi K, Kurozawa Y, Hayashi K, Harada T. “Obstetrical Complications in Women with Endometriosis: A Cohort Study in Japan.” Edited by Geetanjali Sachdeva. PLOS ONE 2016: 11 (12); e0168476. 

Harb HM, Gallos ID, Chu J, Harb M, Coomarasamy A. “The Effect of Endometriosis on in Vitro Fertilisation Outcome: A Systematic Review and Meta-Analysis.” BJOG: An International Journal of Obstetrics & Gynaecology 2013: 120 (11); 1308–20. 

Hashimoto A, Iriyama T, Sayama S, Nakayama T, Komatsu A, Miyauchi A, Nishii O, Nagamatsu T, Osuga Y, Fujii T. “Adenomyosis and Adverse Perinatal Outcomes: Increased Risk of Second Trimester Miscarriage, Preeclampsia, and Placental Malposition.” The Journal of Maternal-Fetal & Neonatal Medicine 2018: 31 (3); 364–69. 

Healy DL, Breheny S, Halliday J, Jaques A, Rushford D, Garrett C, Talbot JM, Baker HWG. “Prevalence and Risk Factors for Obstetric Haemorrhage in 6730 Singleton Births after Assisted Reproductive Technology in Victoria Australia.” Human Reproduction 2010: 25 (1); 265–74. 

Hickman TN. “Impact of Endometriosis on Implantation. Data from the Wilford Hall Medical Center IVF-ET Program.” The Journal of Reproductive Medicine 2002: 47 (10); 801–8. 

Hirashima H, Ohkuchi A, Usui R, Kijima S, Matsubara S. “Magnetic Resonance Imaging of Degeneration of Uterine Adenomyosis during Pregnancy and Post-Partum Period.” Journal of Obstetrics and Gynaecology Research 2018: 44 (6); 1169–73. 

Hjordt Hansen MV, Dalsgaard T, Hartwell D, Skovlund CW, Lidegaard Ø. “Reproductive Prognosis in Endometriosis. A National Cohort Study.” Acta Obstetricia et Gynecologica Scandinavica 2014: 93 (5); 483–89. 

Hull MG, Williams JA, Ray B, McLaughlin EA, Akande VA, Ford WC. “The Contribution of Subtle Oocyte or Sperm Dysfunction Affecting Fertilization in Endometriosis-Associated or Unexplained Infertility: A Controlled Comparison with Tubal Infertility and Use of Donor Spermatozoa.” Human Reproduction 1998: 13 (7); 1825–30. 

Jacques M, Freour T, Barriere P, Ploteau S. “Adverse Pregnancy and Neo-Natal Outcomes after Assisted Reproductive Treatment in Patients with Pelvic Endometriosis: A Case–Control Study.” Reproductive BioMedicine Online 2016: 32 (6); 626–34. 

Jeon H, Min J, Kim DK, Seo H, Kim S, Kim YS. “Women with Endometriosis, Especially Those Who Conceived with Assisted Reproductive Technology, Have Increased Risk of Placenta Previa: Meta-Analyses.” Journal of Korean Medical Science 2018: 33 (34). 

Juang CM, Chou P, Yen MS, Twu NF, Horng HC, Hsu WL. “Adenomyosis and Risk of Preterm Delivery.” BJOG : An International Journal of Obstetrics and Gynaecology 2007: 114 (2); 165–69. 

Kao LC, Germeyer A, Tulac S, Lobo S, Yang JP, Taylor RN, Osteen K, Lessey BA, Giudice LC. “Expression Profiling of Endometrium from Women with Endometriosis Reveals Candidate Genes for Disease-Based Implantation Failure and Infertility.” Endocrinology 2003: 144 (7); 2870–81. 

Katorza E, Soriano D, Stockheim D, Mashiach R, Zolti M, Seidman DS, Schiff E, Goldenberg M. “Severe Intraabdominal Bleeding Caused by Endometriotic Lesions during the Third Trimester of Pregnancy.” American Journal of Obstetrics and Gynecology 2007: 197 (5); 501.e1-4. 

Kim CH, Ahn JW, Kim SH, Chae HD, Kang BM. “Effects on in Vitro Fertilization-Embryo Transfer Outcomes of Vascular Endothelial Growth Factor Receptor-1, -2 and -3 in Eutopic Endometrial Tissue of Women with Endometriosis.” Journal of Obstetrics and Gynaecology Research 2011: 37 (11); 1631–37. 

Kim SC, Lee NK, Yun KY, Joo JK, Suh DS, Kim KH. “A Rapidly Growing Adenomyosis Associated with Preterm Delivery and Postpartum Abscess Formation.” Taiwanese Journal of Obstetrics and Gynecology 2016: 55 (4); 620–22. 

Kiran H, Arikan DC, Kaplanoglu M, Bisak U, Cetin MT. “Does Ovarian Endometrioma Affect the Number of Oocytes Retrieved for in Vitro Fertilization?” Bratislava Medical Journal 2012: 113 (09); 544–47. 

Kohl Schwartz AS, Wölfler MM, Mitter V, Rauchfuss M, Haeberlin F, Eberhard M, von Orelli S et al. “Endometriosis, Especially Mild Disease: A Risk Factor for Miscarriages.” Fertility and Sterility 2017: 108 (5); 806–814. 

Kokcu A. “Possible Effects of Endometriosis-Related Immune Events on Reproductive Function.” Archives of Gynecology and Obstetrics 2013: 287 (6); 1225–33. 

Koninckx PR, Zupi E, Martin DC. “Endometriosis and Pregnancy Outcome.” Fertility and Sterility 2018: 110 (3); 406–7. 

Kortelahti M, Anttila MA, Hippeläinen MI, Heinonen ST. “Obstetric Outcome in Women with Endometriosis – A Matched Case-Control Study.” Gynecologic and Obstetric Investigation 2003: 56 (4); 207–12. 

Kuivasaari-Pirinen P, Raatikainen K, Hippeläinen M, Heinonen S. “Adverse Outcomes of IVF/ICSI Pregnancies Vary Depending on Aetiology of Infertility.” ISRN Obstetrics and Gynecology 2012: 1–5. 
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