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Abstract

:

Pregnancy loss can be defined as a loss before either 20 or 24 weeks of gestation (based on the first day of the last menstrual period) or the loss of an embryo or fetus less than 400 g in weight if the gestation age is unknown. Approximately 23 million pregnancy losses occur worldwide every year, equating to 15–20% of all clinically recognized pregnancies. A pregnancy loss is usually associated with physical consequences, such as early pregnancy bleeding ranging in severity from spotting to hemorrhage. However, it can also be associated with profound psychological distress, which can be felt by both partners and may include feelings of denial, shock, anxiety, depression, post-traumatic stress disorder, and suicide. Progesterone plays a key part in the maintenance of a pregnancy, and progesterone supplementation has been assessed as a preventative measure in patients at increased risk of experiencing a pregnancy loss. The primary objective of this piece is to assess the evidence for various progestogen formulations in the treatment of threatened and recurrent pregnancy loss, postulating that an optimal treatment plan would preferably include a validated psychological support tool as an adjunct to appropriate pharmacological treatment.
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1. Introduction


Pregnancy loss (PL) is defined as either a loss before 20 or 24 weeks of gestation (based on the first day of the last menstrual period) or the loss of an embryo or fetus less than 400 g in weight if the gestation age is unknown [1,2,3,4]. Vaginal bleeding during the first 20 weeks of pregnancy, with or without pain, with a viable, intrauterine fetus and no cervical dilation or effacement, is known as threatened PL [2,3,5,6]. Recurrent PL is defined as either the demise of two or more or three or more pregnancies before the fetus reaches viability [2,7,8,9,10,11]. Approximately 23 million PLs occur worldwide every year, equating to 15–20% of all clinically recognized pregnancies, with 1–2% of women trying to conceive experiencing recurrent losses, although the true incidence may be much higher [1,2,3,12,13].



Both physical and psychological consequences are associated with PL. Early pregnancy bleeding is typical and can range in severity from spotting to hemorrhage [1,2,3,5,13]. The psychological impact can be felt by both partners and may include feelings of denial, shock, anxiety, depression, post-traumatic stress disorder, and suicide [2,13,14,15,16,17]. The consequences of PL are more extensive when considering the increased risk of obstetric complications such as stillbirth in future pregnancies, potential long-term health problems such as cardiovascular disease and venous thromboembolism, and the economic cost to healthcare systems and society: In the United Kingdom alone the economic cost of PL is around £471 million per year [13].



The importance of progesterone in early pregnancy and the probability that progesterone deficiency may lead to PL have long been theorized [18,19,20]. Consequently, exogenous progestogen has been widely used to try to counter the deficiency that can lead to infertility and PL.



In this article, we discuss progestogen treatment in PL and the importance of combining it with psychological support.




2. Search Strategy and Selection Criteria


We performed a comprehensive literature search of PubMed and Cochrane Library (from database inception to March 2022) for relevant randomized clinical trials (RCTs), systematic reviews, and meta-analyses, using a combination of free-text search terms and MeSH terms and titles related to ‘Abortion, Threatened’, ‘Abortions, Threatened’, ‘Threatened Abortion’, ‘Threatened Abortions’, ‘Pregnancy Complications’, ‘Abortion, Spontaneous’, ‘abortion’, ‘miscarriage’, ‘progesterone’, ‘17-OHPC’, ‘17α-hydroxyprogesterone caproate’, ‘17p’, ‘17-alphahydroxy-progesterone’, and ‘progestogens’. In addition, we manually searched the reference lists of all relevant articles. Only English-language publications were selected.




3. Progestogens in Pregnancy


Progesterone is a female sex hormone with multimodal action that is essential for successful implantation and maintenance of pregnancy [1,2,5,21,22,23,24]. Corpus luteum deficiency along with the corresponding progesterone deficiency has been postulated as a potential etiological factor in PL [2,3]. Consequently, several pharmacological interventions, including progestogens, have been evaluated for the treatment of PL with recommendations reflected in most clinical guidelines (Table 1).



Progestogens are steroid hormones that bind to and activate progesterone receptors [3,43,44,45]. Differences in the chemical structure of progestogens, resulting in variations in their receptor-binding selectivity (androgen, glucocorticoid, estrogen, and mineralocorticoid), potency, and bioavailability can lead to various side effects, including potentially harmful effects on the developing fetus, meaning that not all progestogens are suitable for use during pregnancy [44,45,46]. Due to this cross-reactivity with other receptors, the only progestogens approved for use in pregnancy are progesterone, dydrogesterone, and 17α-hydroxyprogesterone caproate [44,47,48]. These are available in a variety of formulations for clinical use, including oral, vaginal, and intramuscular preparations [44,49,50]. For prevention of PL, studies have suggested that vaginally administered progesterone may be more effective than intramuscular injection [51,52], and recent meta-analyses have concluded that oral progestogens may be as effective as progestogens administered intramuscularly or vaginally [1,2,3].




4. Use of Progestogens in Pregnancy Loss


Progesterone supplementation has been assessed in women who present with either threatened PL or women with recurrent PL.



4.1. Threatened Pregnancy Loss


Many studies have investigated the ability of progestogens to treat threatened PL. Wahabi et al. performed a pairwise meta-analysis on seven trials (involving 696 participants) to investigate the efficacy of progestogens in the treatment of threatened PL, and found that the use of progestogens compared with placebo or no treatment reduces the risk of PL (risk ratio [RR] 0.64, 95% confidence interval [CI] 0.47–0.87) [3]. Similarly, Wang et al. and Li et al. assessed RCTs comparing progestogen with placebo, no treatment, or any other treatment and reported relative risks of 0.64 (95% CI 0.48–0.85) [53] and 0.73 (95% CI 0.59–0.92) [54], respectively. The conclusion by the latter Li et al. study that benefit was only seen with oral progestogens and not with vaginal progesterone [54] was critiqued by Devall et al., who concluded that the supporting studies utilized were at high risk of bias, and that more high-quality, randomized trials are required to further assess the efficacy and safety of oral progestogens [55]. Li et al. subsequently agreed with this assessment and confirmed that this is the reason that their original publication emphasizing their findings about oral progestogens should be interpreted with caution [56]. More recently, a network meta-analysis evaluated the efficacy and safety of different progestogens in the treatment of threatened PL and confirmed that progestogens were effective in reducing the risk of PL [57].




4.2. Recurrent Pregnancy Loss


A number of studies, including RCTs, have evaluated the efficacy of progestogens in recurrent PL. Haas et al. performed a pairwise meta-analysis on 10 studies (involving a total of 1684 participants) to investigate the efficacy of progestogens in the treatment of recurrent PL. They compared progestogen with placebo or no treatment and found that the use of progestogens reduced the risk of recurrent PL (RR 0.73, 95% CI 0.54–1.00) [2].




4.3. Which Progestogen Should Be Used for Pregnancy Loss?


Much emphasis has been put on the ability of micronized vaginal progesterone (MVP) to reduce the risk of future PL in women suffering from recurrent PL. In the PROMISE study—a double-blind, placebo-controlled trial in which 836 women with unexplained recurrent PL were randomized to receive twice-daily MVP suppositories (n = 404) or matching placebo (n = 432) from soon after a positive pregnancy test to Week 12 of gestation—MVP treatment did not significantly (p = 0.45) improve the live birth rate (LBR) (65.8% MVP versus 63.3% placebo [RR 1.04, 95% CI 0.94–1.15]) [58]. Similarly, the PRISM trial (another double-blind, placebo-controlled, randomized trial evaluating MVP versus placebo in 4153 women with vaginal bleeding early in pregnancy) failed to show a statistically significant difference in the LBRs (primary endpoint) between treatment groups: Of 2079 women receiving MVP and 2074 receiving placebo the LBR was 75% in the MVP group versus 72% in the placebo group (RR 1.03, 95% CI 1.00–1.07; p = 0.08) [59]. Prespecified subgroup analysis of the data revealed a significant subgroup effect in women who have experienced ≥3 previous PLs (LBR 72% with MVP versus 57% with placebo: RR 1.28, 95% CI 1.08–1.51; p = 0.007) [59]. Further post hoc subgroup analysis suggested that MVP was effective in women who have experienced ≥ 1 previous PL (LBR 75% with MVP versus 70% with placebo; RR 1.09, 95% CI 1.03–1.15; p = 0.003) [60].



The PRISM subgroup results support the findings from meta-analyses which concluded that progestogens may prevent PL in women with recurrent PL [2,42,61], leading the National Institute for Health and Care Excellence to revise its guidelines and recommend the off-label use of MVP [26]. However, the benefit of MVP over other forms of progesterone is not clear. A double-blind, randomized, placebo-controlled trial investigating the progestogen dydrogesterone demonstrated efficacy in women with recurrent PL [62], but there are no similarly robust studies for other progestogens.





5. Routes of Progestogen Administration and Patient and Physician Preferences


Progestogens differ in their potency, receptor-binding selectivity, bioavailability, and route of administration, and these factors should guide the choice of the most appropriate treatment [44,46]. Despite micronization, oral progesterone is still hindered by poor bioavailability [44], meaning that high doses are required, resulting in side effects such as drowsiness, nausea, and headaches [46,63,64,65]. Vaginal administration of micronized progesterone does improve uterine concentrations but can cause irritation, vaginal discharge, and bleeding; is often uncomfortable; or may be washed out if bleeding is severe [64,66,67,68]. Optimal blood levels are achieved with intramuscular progesterone but can induce abscess formation and be extremely painful [67].



Vaginal and oral preparations are the most widely studied in PL and it is highly likely that patients will have a formulation preference based on convenience and tolerability. While it may be reasonable to assume that the convenience and lack of vaginal side effects may lead to a preference for oral administration, studies in this respect have not been conducted in the recurrent PL setting. However, studies involving other gynecological treatments have shown that both patients and healthcare professionals generally prefer oral administration over vaginal administration [69,70,71,72], and oral dydrogesterone has become widely used during pregnancy.




6. Dydrogesterone


Dydrogesterone is a retroprogesterone and a potent and selective oral progesterone receptor agonist [44,73]. A change in the spatial orientation of a methyl group at carbon 10 and a double bond between carbons 6 and 7 differentiate dydrogesterone from progesterone and give it a “bent” shape (Figure 1a) [46,64,73]. This unique structure results in high oral bioavailability, while the high selectivity of dydrogesterone for the progesterone receptor means that it can be administered at doses 10–20 times lower than those of oral micronized progesterone [44,64,74]. Furthermore, unlike other forms of progesterone, dydrogesterone‘s main metabolite, 20α-dihydrodydrogesterone (Figure 1b), exhibits similar progestogenic selectivity to the parent molecule, thus minimizing unwanted adverse events (AEs) [44].



6.1. Efficacy of Dydrogesterone in Pregnancy Loss


There are publications not relevant for discussion, due to their age, quality, and design [75]; however, more recently, there is a robust body of evidence (including RCTs, reviews, and meta-analyses) to support the efficacy of dydrogesterone in both threatened (Table 2) and recurrent (Table 3) PL.



Three RCTs have shown that women with threatened PL receiving dydrogesterone had significantly (p < 0.05) lower PL rates compared with those receiving bed rest with or without supportive care [76,77,78]. This has been supported by various meta-analyses showing a significant (p = 0.001) reduction in the rate of PL with oral progestogens, including dydrogesterone [3,6]. In each case, the comparators had little or no treatment effect and did not significantly reduce PL (Table 2). In a more recent meta-analysis, Zhao et al. assessed the efficacy and safety of various progestogens across 59 RCTs and a total of 10,424 women and also concluded that oral dydrogesterone was more effective in the treatment of threatened PL than vaginal progesterone [57].



Key efficacy data for dydrogesterone in recurrent PL is summarized in Table 3. Two RCTs have demonstrated that women with recurrent PL receiving dydrogesterone had significantly (p < 0.05) lower PL rates than those receiving placebo or no additional treatment [62,81]. Two meta-analyses reported similar beneficial effects with dydrogesterone in women with recurrent PL. One assessed three studies (n = 509) and concluded that dydrogesterone caused a substantial reduction in the rate of PL versus placebo or conservative treatment [82]. Another, which assessed a total of 10 studies (n = 1684) looking at progestogens versus placebo or no treatment [2], concluded that there was a numerical decrease in the PL rate with progestogen treatment, including in studies of dydrogesterone. It is noteworthy that, in this last meta-analysis, two studies showing a clear reduction in the risk of PL with progestogen treatment were two of the three that used dydrogesterone [2,62,81]. These results are supported by another RCT investigating dydrogesterone versus vaginal progesterone in women with recurrent PL, which found that less time was required for complete cessation of bleeding in patients treated with dydrogesterone versus those treated with vaginal progesterone (53.90 ± 9.09 versus 94.60 ± 7.29 h, p < 0.0001) [83].



Recently, Devall et al. carried out a network meta-analysis (which pooled direct and indirect evidence on relative treatment effects to achieve a single coherent analysis) to assess progestogens for the prevention of PL and concluded that progestogens probably make little or no difference in LBR for women with threatened or recurrent PL; however, MVP may increase the LBR for women with a history of ≥ 1 previous PLs and early pregnancy bleeding [1]. They also concluded that there is still uncertainty over the effectiveness and safety of alternative progestogen treatments for threatened and recurrent PL [1].



It is interesting to note that the network meta-analysis carried out by Devall et al. included seven RCTs, only one of which was a dydrogesterone-related publication [1]. In contrast, Zhao et al. included a much larger number of RCTs, with a large proportion of those investigating dydrogesterone [57]. In fact, current guidelines reflect the body of evidence and support the use of dydrogesterone in both threatened and recurrent PL, reflecting a good efficacy and safety profile, with a low incidence of maternal and fetal complications (Table 1). The subjective nature of the decision to exclude or include studies in network meta-analyses re-enforces the value and importance of always considering the primary data and conducting systematic reviews with meta-analyses.




6.2. Safety of Dydrogesterone in Pregnancy


Dydrogesterone has been marketed and used since the 1960s for a number of conditions associated with progesterone insufficiency and is indicated for the treatment of both threatened and recurrent PL in numerous countries worldwide [47,84]. Based on dydrogesterone cumulative exposure data from April 1960 to April 2021, it is estimated that the post-marketing patient exposure is 137.5 million patient treatment years. In 2014, based on sales figures, it was reported that an estimated >20 million pregnancies were exposed to dydrogesterone in utero from April 1960 to April 2014 [85]. Between 1977 and 2005, pharmacovigilance data has identified only 28 cases of congenital defects with a potential link to fetal dydrogesterone exposure [86]. This may be due to the unique structure of dydrogesterone, which allows efficacy with oral administration at low therapeutic doses, avoiding the tolerability issues associated with vaginal administration of progesterone. In addition, dydrogesterone’s high selectivity for progesterone receptors may help to limit the risk of side effects [44], as supported by dydrogesterone’s well-established safety profile, which reflects no notable safety concerns for the mother or the developing fetus when used during pregnancy [87].



6.2.1. Maternal Safety


Dydrogesterone has been shown to have a good safety profile with a low incidence of maternal complications. It also seems to be as well tolerated as vaginal progesterone in safety analyses from studies assessing dydrogesterone’s use in luteal phase support during in vitro fertilization (IVF) as well as those investigating dydrogesterone’s use in threatened and recurrent PL [74].



An RCT comparing dydrogesterone versus vaginal progesterone gel in luteal phase support confirmed that patients receiving progesterone gel experienced a higher incidence of vaginal irritation and discharge, vaginal bleeding, and interference with sexual activity compared with patients receiving dydrogesterone (Figure 2) [68]. A meta-analysis of the individual participant data from the Lotus I and II luteal phase support trials confirmed that the incidence of maternal AEs was similar between the dydrogesterone and MVP treatment groups, with the most common AE being vaginal bleeding [88,89,90]. These results are supported by a more recent, retrospective cohort study, which investigated whether the use of dydrogesterone versus MVP affected pregnancy outcomes in frozen embryo transfer and found that maternal complications were similar in both patient groups [91].



This favorable maternal safety profile has been mimicked in studies investigating dydrogesterone’s use in both threatened and recurrent PL, which have reported no significant differences overall in maternal complications with dydrogesterone versus oral micronized progesterone or placebo [79,80].




6.2.2. Fetal Safety


A favorable safety profile has also been noted for dydrogesterone when considering fetal complications such as low birth weight, neonatal death, and congenital anomalies [2,74].



In the Lotus I and II trials, as well as subsequent meta- and subpopulation analyses, the incidence of congenital, familial, and genetic disorders was low and similar between oral dydrogesterone and MVP gel [74,84,88,89,90,92]. These results have been supported by more recent retrospective cohort studies. One such study assessed 3556 infants in China after IVF using a dydrogesterone + human menopausal gonadotropin protocol (n = 1429) or gonadotropin-releasing hormone-agonist short protocol (n = 2127) and found that the two protocols showed no differences in birth weight characteristics and had a similar incidence of congenital malformations following exposure to dydrogesterone [93]. Another, more recent, retrospective cohort study investigated whether the use of dydrogesterone versus MVP affected pregnancy outcomes in frozen embryo transfer and found that no fetal anomalies were observed in either treatment group [91] Similarly, studies of threatened and recurrent PL have also reported no significant differences in fetal/neonatal complications with dydrogesterone versus placebo or MVP [74].



There have been publications claiming that dydrogesterone has teratogenic effects. Due to poor design and lack of adherence to the basic principles of epidemiological research (differences in the maternal population leading to confounding, lack of confirmed dydrogesterone exposure, pooling of different heart defects during assessment, and disregarding comorbidities and socioeconomic status), a causal relationship between dydrogesterone and heart defects cannot and should not be inferred from the study conducted by Zaqout et al. [94]. Similarly, another study published in 2020 claimed that dydrogesterone confers teratogenic effects after exposure to the recommended doses in pregnant women [95]; however, substantial concerns regarding the study design, statistical analysis, inconsistencies and inaccuracies of data reporting, and validity of the conclusions have since prompted the journal to retract the article.



Based on its extensive use, a substantial teratogenic risk of dydrogesterone with no safety issues seems very unlikely [96]. The validity and continued use of retracted and poor-quality data was recently questioned by Katalinic et al., who performed a meta-analysis of six RCTs and concluded that use of dydrogesterone during the first trimester of pregnancy was not associated with a significant increase in risk of congenital abnormalities (RR 0.96, 95% CI 0.57–1.62). Moreover, they support the use of dydrogesterone, if indicated, in the treatment of threatened or recurrent PL [87].






7. Complementing Pharmacological Treatment with Psychological Support


7.1. The Psychological Impact of High Risk Pregnancies on Women and Pregnancy Outcomes


A pregnancy is considered high-risk when there is the increased probability of an adverse outcome for either the mother or the fetus that can occur due to a variety of reasons, such as: the development of hypertensive disorders of pregnancy, gestational diabetes mellitus, changes in the cervix and placental abruption, and/or serious abnormalities that occur in the baby [97,98,99].



It is well documented that high-risk pregnancies can have a negative impact on both the psychological and physical wellbeing of women, causing negative emotions such as fear, shock, grief, guilt and distress [97,100,101]. There is also increasing evidence which suggests that psychological wellbeing may affect pregnancy outcomes. For example, elevated levels of distress during high-risk pregnancy may be associated with detrimental effects on the baby such as low birth weight and preterm delivery, and recent publications generally conclude that psychological interventions which can increase a sense of control could help improve pregnancy outcomes [97,99,101].



While more emphasis is now being placed on the need to explore the emotional and psychological challenges as well as the medical aspects during high-risk pregnancies, the aim of this paper is to focus on those studies that have assessed the psychological wellbeing of women who are at high risk of suffering a PL.




7.2. The Psychological Impact of Pregnancy Loss


Profound emotional distress and psychological morbidity is commonly experienced by women who present with bleeding in threatened PL as well as women with recurrent PL [1,2,3,102,103]. However, a difference between the psychological impact of a single loss and multiple PLs has been reported, where depressive symptoms or the risk of psychological distress were found to increase with the number of prior losses [104]. Indeed, multiple studies have reported high levels of anxiety and depression in women experiencing recurrent PLs, with the repetitive nature of the loss adding to the emotional impact and the early stages of a new pregnancy representing a particularly challenging time for women due to anxiety over the possibility that they will experience a further loss [9,14,15,17,102,103,105]. This is highlighted by the results of a focus group study which reported that women who had experienced recurrent losses were unable to confidently feel hope or joy during the waiting period and often used ‘bracing for the worst’ as a coping strategy during this time [106].



Rather than repeatedly endure this period of uncertainty, and with inadequate emotional support and/or coping skills, some women who have experienced recurrent PLs decide not to attempt conception again [16,107], emphasizing the need to combine pharmacological treatments for threatened and recurrent PL with some form of psychological support or counselling for both the women and their partners during this crucial period [108,109,110].




7.3. How Does a Woman’s Psychological State Affect the Risk of Pregnancy Loss?


Multiple studies have looked at the effect of stress on the risk of PL. A large prospective study of work-related stress in nearly 4000 pregnant women reported that stress was associated with a higher risk of PL in women over 32 years of age (p = 0.04), women who smoked (p = 0.02), and in first pregnancies (p = 0.06) [111]. Similarly, a cohort study of 1098 pregnant women reported that higher levels of perceived stress were associated with subsequent PL (p = 0.024) [112]. In support of these data, a meta-analysis of eight case–control and cohort studies concluded that psychological stress was associated with an increased risk of PL (odds ratio 1.42) [113], and, more recently, these results were corroborated by a prospective cohort study of 293 women attending an early pregnancy assessment unit which reported that lack of emotional wellbeing was associated with an increased risk of PL [114].




7.4. Can Psychological Support Help Improve the Wellbeing of the Patient and Their Partners?


It has been previously suggested that there is a lack of evidence to support counselling following early PL [115]. Nevertheless, more recently it has been reported that women and their partners have expressed an unmet need for psychological interventions that will provide emotional support and strategies to help them cope in the period during and after a PL, during a subsequent pregnancy, and when deciding whether to try to conceive again [105,116,117]. Despite the known psychological and emotional effects of PL, and the potential impact of stress on pregnancy outcomes, limited support and counselling is available during the early stages of a new pregnancy [9]; however, encouragingly, the field has begun to slowly evolve in recent years to focus more keenly on the patient experience, with more studies now reporting the opinions and feelings of not only women but also their partners, and confirming that both women and their partners are at risk of developing anxiety and depression [118,119,120,121,122].



While psychological and supportive care following a PL has not been extensively studied, a number of psychological interventions, such as counselling, mindfulness-based psychotherapy, cognitive behavioral therapy, and positive reappraisal coping intervention (PRCI), have been investigated in the setting of recurrent PL and yielded promising results; preliminary evidence of benefits in terms of stress, depression, and anxiety has been reported, with the PRCI notably receiving positive feedback from patients in terms of ease of use and effects on mindset [9,107,123,124,125,126]. Affirmation of the effectiveness of these interventions has been provided by a recent study of 294 women in which 72.7% (n = 176) went on to achieve a live birth, and in which supportive care was reported to probably be the single most effective therapy [127]. Another study in women who have experienced recurrent PL confirmed that patient-centered care may have a significant impact on the chance of a live birth in the next pregnancy; in general, the LBR for these couples was around 80% [103]. More recent studies have confirmed that health professionals also recognize the need for better care following a PL and are aware that urgent action is needed to improve the options they provide, including increased information about PL, more emotionally sensitive care at the time of PL, and more psychological support options [108,109,110,128]. Crucially, and regardless of intervention, the majority of guidelines emphasize this unmet need and the important role of supportive care [7,8,11].





8. Future Research and Conclusions


We have highlighted that progestogens such as dydrogesterone, could be beneficial in the treatment of threatened and recurrent PL. Studies are ongoing to further our understanding around patient-related factors, such as the diversity of the reproductive microbiome and its relation to pregnancy outcomes [129,130,131], as well as treatment-related factors, such as: how combination treatment for intrauterine abnormalities, immune status, and thyroid function—referred to as the ‘OPTIMUM’ (OPtimization of Thyroid function, IMmunity, and Uterine Milieu) treatment strategy—might potentially improve pregnancy outcomes [132]; the optimal duration of progestogen treatment; the impact of beginning progestogen treatment prior to conception and continuing into pregnancy (a practice which is already used in Russia and which is recommended in the national clinical guidelines) [39]; and the genetic diversity of the progesterone receptor and the specific patient populations that could derive the greatest benefit from progestogen supplementation in pregnancy [133,134,135]. Another consideration is the potential relationship exogenous progestogens may have in mood-related adverse events, e.g., anxiety and depressive symptoms. Research around the use of hormonal contraception has acknowledged that there is a subset of women who suffer with mood-related side effects, despite the introduction of lower dose pills and alternative delivery methods [136,137]. More recently, hormonal contraceptive use has been associated with increased depression and impairment of emotion recognition, with the suggestion that the progestogen in the hormonal contraception is what causes mood problems [138,139]. This, combined with some evidence suggesting a link between endogenous progesterone levels and anxiety [140] as well as a role for allopregnanolone (a 3-alpha reduced metabolite of progesterone) dysregulation in mood changes [139,141], means that there may be cause for concern regarding the use of progestogens for PL, especially as patients are already vulnerable to increased levels of anxiety and depression. However, continued research into the etiology of hormonally induced mood symptoms remains inconclusive, with few studies able to directly connect levels of hormones to psychopathology [137,139]; much more research is needed to be able to identify populations of women who might be at greater risk of mood-related adverse events following treatment with progestogens. Indeed, a more in-depth appreciation of all of these factors could increase our understanding of the progestogen mechanism of action and help optimize and personalize future patient treatment.



Given the emotional trauma many women experience following a PL, we have also postulated that structured psychological support is crucial to safeguard the wellbeing of the patient to reassure her that she is doing everything possible to support her pregnancy, help her and her partner cope with the emotional impact of PL, and support them through the stressful waiting period in subsequent pregnancies. Further research is needed to determine the most effective form of psychological intervention for these patients, with recommendations for implementation. As we try to elucidate how findings from novel research may impact treatment outcomes, it would be prudent to consider a reconceptualized, holistic approach to the treatment of threatened and recurrent PL in order to provide optimal care and support for women and their partners. While novel studies are needed to confirm whether a combined pharmacological and psychological intervention is superior to either approach alone, a reimagined treatment plan would preferably combine a validated psychological support tool as an adjunct to appropriate pharmacological treatment. With a keen focus on the patient’s wishes, this plan would also aim to address some of the diverse aspects that may contribute to PL, thus maximizing future chances of a live birth.







Author Contributions


All authors contributed equally to the conception of the work, cowrote the initial drafts, and critically reviewed the content. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding. Editorial and medical writing assistance was funded by Abbott Pharmaceuticals.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


Editorial and medical writing assistance was provided by Varinia Munoz from Alpharmaxim Healthcare Communications.




Conflicts of Interest


N.T. has received grants or contracts, honoraria for lectures and presentations, and support for travel from Abbott, Astellas, Bayer and Sanofi. N.T. has also received payment for expert testimony from Bayer and has participated on Advisory Boards for Bayer. A.D. has received consulting and speaker fees from Ferring, EMD Serono and Organon, and honoraria for lectures and presentations, and support for travel from Abbott. A.D. is also co-owner of the FertiCalm, FertiStrong and FertiQueer apps, and has stock options for Oto. A.B. has received payment or honoraria for lectures, presentations, and speaker bureaus from Abbott.




References


	



Devall, A.J.; Papadopoulou, A.; Podesek, M.; Haas, D.M.; Price, M.J.; Coomarasamy, A.; Gallos, I.D. Progestogens for preventing miscarriage: A network meta-analysis. Cochrane Database Syst. Rev. 2021, 4, CD013792. [Google Scholar] [CrossRef]

	



Haas, D.M.; Hathaway, T.J.; Ramsey, P.S. Progestogen for preventing miscarriage in women with recurrent miscarriage of unclear etiology. Cochrane Database Syst. Rev. 2019, 2019, CD003511. [Google Scholar] [CrossRef] [PubMed]

	



Wahabi, H.A.; Fayed, A.A.; Esmaeil, S.A.; Bahkali, K.H. Progestogen for treating threatened miscarriage. Cochrane Database Syst. Rev. 2018, 8, CD005943. [Google Scholar] [CrossRef] [PubMed]

	



Zegers-Hochschild, F.; Adamson, G.D.; de Mouzon, J.; Ishihara, O.; Mansour, R.; Nygren, K.; Sullivan, E.; Vanderpoel, S.; International Committee for Monitoring Assisted Reproductive Technology (ICMART); World Health Organization (WHO). International Committee for Monitoring Assisted Reproductive Technology (ICMART) and the World Health Organization (WHO) revised glossary of ART terminology, 2009. Fertil. Steril. 2009, 92, 1520–1524. [Google Scholar] [CrossRef]

	



Schindler, A.E.; Carp, H.; Druckmann, R.; Genazzani, A.R.; Huber, J.; Pasqualini, J.; Schweppe, K.W.; Szekeres-Bartho, J. European Progestin Club Guidelines for prevention and treatment of threatened or recurrent (habitual) miscarriage with progestogens. Gynecol. Endocrinol. 2015, 31, 447–449. [Google Scholar] [CrossRef]

	



Lee, H.J.; Park, T.C.; Kim, J.H.; Norwitz, E.; Lee, B. The influence of oral dydrogesterone and vaginal progesterone on threatened abortion: A systematic review and meta-analysis. Biomed. Res. Int. 2017, 2017, 3616875. [Google Scholar] [CrossRef][Green Version]

	



European Society of Human Reproduction and Embryology Early Pregnancy Guideline Development Group. Recurrent Pregnancy Loss. November 2017. Available online: https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss.aspx (accessed on 24 January 2023).

	



Practice Committee of the American Society for Reproductive Medicine (ASRM). Evaluation and treatment of recurrent pregnancy loss: A committee opinion. Fertil. Steril. 2012, 98, 1103–1111. [Google Scholar] [CrossRef]

	



Bailey, S.; Boivin, J.; Cheong, Y.; Bailey, C.; Kitson-Reynolds, E.; Macklon, N. Effective support following recurrent pregnancy loss: A randomized controlled feasibility and acceptability study. Reprod. Biomed. Online 2020, 40, 729–742. [Google Scholar] [CrossRef] [PubMed]

	



Toth, B.; Würfel, W.; Bohlmann, M.; Zschocke, J.; Rudnik-Schöneborn, S.; Nawroth, F.; Schleussner, E.; Rogenhofer, N.; Wischmann, T.; von Wolff, M.; et al. Recurrent Miscarriage: Diagnostic and Therapeutic Procedures. Guideline of the DGGG, OEGGG and SGGG (S2k-Level, AWMF Registry Number 015/050). Geburtshilfe Frauenheilkd. 2018, 78, 364–381. [Google Scholar] [CrossRef][Green Version]

	



Royal College of Obstetricians and Gynaecologists (RCOG). The Investigation and Treatment of Couples with Recurrent First-trimester and Second-Trimester Miscarriage. Green-Top Guideline No. 17. April 2011. Available online: https://www.rcog.org.uk/media/3cbgonl0/gtg_17.pdf (accessed on 24 January 2023).

	



Cohain, J.S.; Buxbaum, R.E.; Mankuta, D. Spontaneous first trimester miscarriage rates per woman among parous women with 1 or more pregnancies of 24 weeks or more. BMC Pregnancy Childbirth 2017, 17, 437. [Google Scholar] [CrossRef][Green Version]

	



Quenby, S.; Gallos, I.D.; Dhillon-Smith, R.K.; Podesek, M.; Stephenson, M.D.; Fisher, J.; Brosens, J.J.; Brewin, J.; Ramhorst, R.; Lucas, E.S.; et al. Miscarriage matters: The epidemiological, physical, psychological, and economic costs of early pregnancy loss. Lancet 2021, 397, 1658–1667. [Google Scholar] [CrossRef]

	



He, L.; Wang, T.; Xu, H.; Chen, C.; Liu, Z.; Kang, X.; Zhao, A. Prevalence of depression and anxiety in women with recurrent pregnancy loss and the associated risk factors. Arch. Gynecol. Obstet. 2019, 300, 1061–1066. [Google Scholar] [CrossRef]

	



Tavoli, Z.; Mohammadi, M.; Tavoli, A.; Moini, A.; Effatpanah, M.; Khedmat, L.; Montazeri, A. Quality of life and psychological distress in women with recurrent miscarriage: A comparative study. Health Qual. Life Outcomes 2018, 16, 150. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Venema, V. ‘I Faced Miscarriage Alone—My Partner had to Wait in the Car Park’. Available online: https://www.bbc.co.uk/news/uk-53613348 (accessed on 24 January 2023).

	



Kolte, A.M.; Olsen, L.R.; Mikkelsen, E.M.; Christiansen, O.B.; Nielsen, H.S. Depression and emotional stress is highly prevalent among women with recurrent pregnancy loss. Hum. Reprod. 2015, 30, 777–782. [Google Scholar] [CrossRef]

	



Csapo, A.I.; Pulkkinen, M.O.; Wiest, W.G. Effects of luteectomy and progesterone replacement therapy in early pregnant patients. Am. J. Obstet. Gynecol. 1973, 115, 759–765. [Google Scholar] [CrossRef] [PubMed]

	



Couzinet, B.; Le Strat, N.; Ulmann, A.; Baulieu, E.E.; Schaison, G. Termination of early pregnancy by the progesterone antagonist RU 486 (Mifepristone). N. Engl. J. Med. 1986, 315, 1565–1570. [Google Scholar] [CrossRef]

	



Silvestre, L.; Dubois, C.; Renault, M.; Rezvani, Y.; Baulieu, E.E.; Ulmann, A. Voluntary interruption of pregnancy with mifepristone (RU 486) and a prostaglandin analogue. A large-scale French experience. N. Engl. J. Med. 1990, 322, 645–648. [Google Scholar] [CrossRef]

	



Corner, G.W.; Csapo, A. Action of the ovarian hormones on uterine muscle. Br. Med. J. 1953, 1, 687–693. [Google Scholar] [CrossRef]

	



Okada, H.; Tsuzuki, T.; Murata, H. Decidualization of the human endometrium. Reprod. Med. Biol. 2018, 17, 220–227. [Google Scholar] [CrossRef][Green Version]

	



Polikarpova, A.V.; Levina, I.S.; Sigai, N.V.; Zavarzin, I.V.; Morozov, I.A.; Rubtsov, P.M.; Guseva, A.A.; Smirnova, O.V.; Shchelkunova, T.A. Immunomodulatory effects of progesterone and selective ligands of membrane progesterone receptors. Steroids 2019, 145, 5–18. [Google Scholar] [CrossRef] [PubMed]

	



Maurya, V.K.; DeMayo, F.J.; Lydon, J.P. Illuminating the “black box” of progesterone-dependent embryo implantation using engineered mice. Front. Cell Dev. Biol. 2021, 9, 640907. [Google Scholar] [CrossRef] [PubMed]

	



Royal Australian and New Zealand College of Obstetricians and Gynaecologists (RANZCOG). Progesterone Support of the Luteal Phase and in the First Trimester. March 2018. Available online: https://ranzcog.edu.au/wp-content/uploads/2022/05/Progesterone-Support-of-the-Luteal-Phase-and-in-the-First-Trimester.pdf (accessed on 24 January 2023).

	



National Institute for Health and Care Excellence (NICE). Ectopic Pregnancy and Miscarriage: Diagnosis and Initial Management. Guideline NG126 (Update). 24 November 2021. Available online: https://www.nice.org.uk/guidance/ng126 (accessed on 24 January 2023).

	



Arab, H.; Alharbi, A.J.; Oraif, A.; Sagr, E.; Al Madani, H.; Abduljabbar, H.; Bajouh, O.S.; Faden, Y.; Sabr, Y. The role of progestogens in threatened and idiopathic recurrent miscarriage. Int. J. Womens Health 2019, 11, 589–596. [Google Scholar] [CrossRef][Green Version]

	



Russian Society of Obstetricians & Gynecologists. Miscarriage: Russian Clinical Guidelines. 2021. Available online: https://cr.minzdrav.gov.ru/recomend/670_1 (accessed on 24 January 2023). (In Russian)

	



Sinthamoney, E.; Hamdan, M.; Yan, V.H.; Bhaskaran, V.; Karalasingam, S.D.; Peraba, P.; Dass, S.G.S.; Daud, S.; Shen, V.C.B.; Aznal, S.S.S.; et al. Progestogens in the management of miscarriage and preterm labour. 12 May 2020. Available online: https://www.ogsm.org.my/docs/Clinical-Practice-Guidelines-on-Miscarriage-Management.pdf (accessed on 24 January 2023).

	



Patki, A.; Pandit, S.N. FOGSI Position Statement on the Use of Progestogens. 2015. Available online: https://www.fogsi.org/wp-content/uploads/2015/11/Progesterone-position-paper-Oct-2015.pdf (accessed on 24 January 2023).

	



Chinese Society of Reproductive Medicine and Chinese Medical Doctor Association. Clinical practice guidelines for progestogens in pregnancy maintenance and luteal phase support. Chin. J. Reprod. Contracep. 2021, 41, 95–105. (In Mandarin) [Google Scholar]

	



Vietnam Ministry of Health. Vietnam Guideline for Obstetrics and Gynecology Disease Management. 2015. Chapter 1: Obstetrics. Threatened Miscarriage. Available online: https://thuvien.benhvienhungvuong.vn/index.php?language=vi&nv=laws&op=detail/Huong-dan-chan-doan-va-dieu-tri-cac-benh-san-phu-khoa-90 (accessed on 24 January 2023). (In Vietnamese)

	



Hung Vuong Hospital. Hung Vuong Guideline of Obstetrics and Gynecology Disease Management. Miscarriage: Threatened Miscarriage; Hung Vuong Hospital: Ho Chi Minh City, Vietnam, 2016; pp. 48–53. (In Vietnamese) [Google Scholar]

	



Lai, T.J.; Teng, S.W.; Chang, C.K.; Huang, C.Y. Evidence-Base Recommendation of Progesterone in Early Pregnancy. 2022. Available online: https://www.tsop.org.tw/upload/magazine/20220312150908_magazine_0.pdf (accessed on 24 January 2023). (In Taiwanese).

	



Indonesian Society of Reproductive Endocrinology and Fertility (HIFERI). Indonesian National Guidelines for Health Services: Consensus of Threatened Miscarriage; HIFERI: Jakarta Pusat, Indonesia, 2015. (In Indonesian) [Google Scholar]

	



CENETEC. Prevention, Diagnosis, Treatment, and Referral of Patients with Threatened Abortion in Primary and Secondary Levels of Care. Clinical Practice Guidelines: Evidence and Recommendations. Mexico. 2020. Available online: http://www.cenetec-difusion.com/CMGPC/GPC-SS-026-20/ER.pdf (accessed on 24 January 2023). (In Spanish)

	



Philippine Obstetrical and Gynecological Society. Clinical Practice Guidelines on Abortion. 2017. Available online: https://pogsinc.org/clinical-practice-guidelines/ (accessed on 24 January 2023).

	



Bashiri, A.; Orbito, R.; Carp, H.; Laufer, N.; Blickstein, D.; Vardimon, D.; Yaron, Y.; Solt, I.; Baris-Feldman, H.; Halevy, R.; et al. Recurrent Pregnancy Loss. Position Paper Number 215. 2021. Available online: https://ima-contentfiles.s3.amazonaws.com/Ne167_pregnencyLost.pdf (accessed on 24 January 2023).

	



Russian Society of Obstetricians & Gynecologists. Recurrent Miscarriage: Russian Clinical Guidelines. 2022. Available online: https://cr.minzdrav.gov.ru/recomend/721_1 (accessed on 24 January 2023). (In Russian)

	



Russian Society of Obstetricians & Gynecologists. Normal pregnancy: Russian clinical guidelines. 2020. Available online: https://cr.minzdrav.gov.ru/recomend/288_1 (accessed on 24 January 2023). (In Russian)

	



Indonesian Society of Reproductive Endocrinology and Fertility (HIFERI); Indonesian Society of Obstetrics and Gynecology (POGI). Consensus of Recurrent Miscarriage; HIFERI: Jakarta Pusat, Indonesia, 2018. (In Indonesian) [Google Scholar]

	



Saccone, G.; Schoen, C.; Franasiak, J.M.; Scott, R.T., Jr.; Berghella, V. Supplementation with progestogens in the first trimester of pregnancy to prevent miscarriage in women with unexplained recurrent miscarriage: A systematic review and meta-analysis of randomized, controlled trials. Fertil. Steril. 2017, 107, 430–438.e433. [Google Scholar] [CrossRef][Green Version]

	



Evans, R.M. The steroid and thyroid hormone receptor superfamily. Science 1988, 240, 889–895. [Google Scholar] [CrossRef]

	



Griesinger, G.; Tournaye, H.; Macklon, N.; Petraglia, F.; Arck, P.; Blockeel, C.; van Amsterdam, P.; Pexman-Fieth, C.; Fauser, B.C. Dydrogesterone: Pharmacological profile and mechanism of action as luteal phase support in assisted reproduction. Reprod. Biomed. Online 2019, 38, 249–259. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Kuhl, H. Pharmacology of estrogens and progestogens: Influence of different routes of administration. Climacteric 2005, 8 (Suppl. 1), 3–63. [Google Scholar] [CrossRef]

	



Stanczyk, F.Z.; Hapgood, J.P.; Winer, S.; Mishell, D.R., Jr. Progestogens used in postmenopausal hormone therapy: Differences in their pharmacological properties, intracellular actions, and clinical effects. Endocr. Rev. 2013, 34, 171–208. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Abbott, B.V. Duphaston 10 mg Film-Coated Tablets, Summary of Product Characteristics; Abbott B.V.: Hoofddorp, The Netherlands, 2020. [Google Scholar]

	



Besins Healthcare Ltd. Utrogestan Vaginal 200mg Capsules; Summary of Product Characteristics; Besins Healthcare (UK) Ltd.: London, UK, 2020. [Google Scholar]

	



Sator, M.; Radicioni, M.; Cometti, B.; Loprete, L.; Leuratti, C.; Schmidl, D.; Garhofer, G. Pharmacokinetics and safety profile of a novel progesterone aqueous formulation administered by the s.c. route. Gynecol. Endocrinol. 2013, 29, 205–208. [Google Scholar] [CrossRef]

	



Vaisbuch, E.; Leong, M.; Shoham, Z. Progesterone support in IVF: Is evidence-based medicine translated to clinical practice? A worldwide web-based survey. Reprod. Biomed. Online 2012, 25, 139–145. [Google Scholar] [CrossRef]

	



Oler, E.; Eke, A.C.; Hesson, A. Meta-analysis of randomized controlled trials comparing 17alpha-hydroxyprogesterone caproate and vaginal progesterone for the prevention of recurrent spontaneous preterm delivery. Int. J. Gynaecol. Obstet. 2017, 138, 12–16. [Google Scholar] [CrossRef] [PubMed]

	



Saccone, G.; Khalifeh, A.; Elimian, A.; Bahrami, E.; Chaman-Ara, K.; Bahrami, M.A.; Berghella, V. Vaginal progesterone vs intramuscular 17alpha-hydroxyprogesterone caproate for prevention of recurrent spontaneous preterm birth in singleton gestations: Systematic review and meta-analysis of randomized controlled trials. Ultrasound Obstet. Gynecol. 2017, 49, 315–321. [Google Scholar] [CrossRef][Green Version]

	



Wang, X.X.; Luo, Q.; Bai, W.P. Efficacy of progesterone on threatened miscarriage: Difference in drug types. J. Obstet. Gynaecol. Res. 2019, 45, 794–802. [Google Scholar] [CrossRef] [PubMed]

	



Li, L.; Zhang, Y.; Tan, H.; Bai, Y.; Fang, F.; Faramand, A.; Chong, W.; Hai, Y. Effect of progestogen for women with threatened miscarriage: A systematic review and meta-analysis. BJOG 2020, 127, 1055–1063. [Google Scholar] [CrossRef]

	



Devall, A.J.; Gallos, I.D.; Khalaf, Y.; Mol, B.W.; Ross, J.; Shennan, A.; Horne, A.W.; Small, R.; Goddijn, M.; van Wely, M.; et al. Re: Effect of progestogen for women with threatened miscarriage: A systematic review and meta-analysis. BJOG 2020, 127, 1303–1304. [Google Scholar] [CrossRef] [PubMed]

	



Li, L.; Zhang, Y.; Fang, F. Authors’ reply re: Effect of progestogen for women with threatened miscarriage: A systematic review and meta-analysis. BJOG 2020, 127, 1304. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, H.; He, W.; Yang, Z. A pairwise and network meta-analysis comparing the efficacy and safety of progestogens in threatened abortion. Int. J. Gynaecol. Obstet. 2022, 156, 383–393. [Google Scholar] [CrossRef]

	



Coomarasamy, A.; Williams, H.; Truchanowicz, E.; Seed, P.T.; Small, R.; Quenby, S.; Gupta, P.; Dawood, F.; Koot, Y.E.; Bender Atik, R.; et al. A randomized trial of progesterone in women with recurrent miscarriages. N. Engl. J. Med. 2015, 373, 2141–2148. [Google Scholar] [CrossRef]

	



Coomarasamy, A.; Devall, A.J.; Cheed, V.; Harb, H.; Middleton, L.J.; Gallos, I.D.; Williams, H.; Eapen, A.K.; Roberts, T.; Ogwulu, C.C.; et al. A randomized trial of progesterone in women with bleeding in early pregnancy. N. Engl. J. Med. 2019, 380, 1815–1824. [Google Scholar] [CrossRef]

	



Coomarasamy, A.; Harb, H.M.; Devall, A.J.; Cheed, V.; Roberts, T.E.; Goranitis, I.; Ogwulu, C.B.; Williams, H.M.; Gallos, I.D.; Eapen, A.; et al. Progesterone to prevent miscarriage in women with early pregnancy bleeding: The PRISM RCT. Health Technol. Assess. 2020, 24, 1–70. [Google Scholar] [CrossRef]

	



Rasmark Roepke, E.; Hellgren, M.; Hjertberg, R.; Blomqvist, L.; Matthiesen, L.; Henic, E.; Lalitkumar, S.; Strandell, A. Treatment efficacy for idiopathic recurrent pregnancy loss—A systematic review and meta-analyses. Acta Obstet. Gynecol. Scand. 2018, 97, 921–941. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Kumar, A.; Begum, N.; Prasad, S.; Aggarwal, S.; Sharma, S. Oral dydrogesterone treatment during early pregnancy to prevent recurrent pregnancy loss and its role in modulation of cytokine production: A double-blind, randomized, parallel, placebo-controlled trial. Fertil. Steril. 2014, 102, 1357–1363.e1353. [Google Scholar] [CrossRef] [PubMed]

	



Paulson, R.J.; Collins, M.G.; Yankov, V.I. Progesterone pharmacokinetics and pharmacodynamics with 3 dosages and 2 regimens of an effervescent micronized progesterone vaginal insert. J. Clin. Endocrinol. Metab. 2014, 99, 4241–4249. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Mirza, F.G.; Patki, A.; Pexman-Fieth, C. Dydrogesterone use in early pregnancy. Gynecol. Endocrinol. 2016, 32, 97–106. [Google Scholar] [CrossRef] [PubMed]

	



Di Renzo, G.C.; Tosto, V.; Tsibizova, V.; Fonseca, E. Prevention of preterm birth with progesterone. J. Clin. Med. 2021, 10, 4511. [Google Scholar] [CrossRef]

	



Chakravarty, B.N.; Shirazee, H.H.; Dam, P.; Goswami, S.K.; Chatterjee, R.; Ghosh, S. Oral dydrogesterone versus intravaginal micronised progesterone as luteal phase support in assisted reproductive technology (ART) cycles: Results of a randomised study. J. Steroid Biochem. Mol. Biol. 2005, 97, 416–420. [Google Scholar] [CrossRef]

	



Carp, H. A systematic review of dydrogesterone for the treatment of threatened miscarriage. Gynecol. Endocrinol. 2012, 28, 983–990. [Google Scholar] [CrossRef][Green Version]

	



Tomic, V.; Tomic, J.; Klaic, D.Z.; Kasum, M.; Kuna, K. Oral dydrogesterone versus vaginal progesterone gel in the luteal phase support: Randomized controlled trial. Eur. J. Obstet. Gynecol. Reprod. Biol. 2015, 186, 49–53. [Google Scholar] [CrossRef]

	



Ashok, P.W.; Hamoda, H.; Nathani, F.; Flett, G.M.; Templeton, A. Randomised controlled study comparing oral and vaginal misoprostol for cervical priming prior to surgical termination of pregnancy. BJOG 2003, 110, 1057–1061. [Google Scholar] [CrossRef]

	



Arvidsson, C.; Hellborg, M.; Gemzell-Danielsson, K. Preference and acceptability of oral versus vaginal administration of misoprostol in medical abortion with mifepristone. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005, 123, 87–91. [Google Scholar] [CrossRef]

	



Saxena, P.; Sarda, N.; Salhan, S.; Nandan, D. A randomised comparison between sublingual, oral and vaginal route of misoprostol for pre-abortion cervical ripening in first-trimester pregnancy termination under local anaesthesia. Aust. N. Z. J. Obstet. Gynaecol. 2008, 48, 101–106. [Google Scholar] [CrossRef] [PubMed]

	



Song, T.; Kim, M.K.; Kim, M.L.; Jung, Y.W.; Yoon, B.S.; Seong, S.J. Effectiveness of different routes of misoprostol administration before operative hysteroscopy: A randomized, controlled trial. Fertil. Steril. 2014, 102, 519–524. [Google Scholar] [CrossRef] [PubMed]

	



Schindler, A.E. Progestational effects of dydrogesterone in vitro, in vivo and on the human endometrium. Maturitas 2009, 65 (Suppl. 1), S3–S11. [Google Scholar] [CrossRef] [PubMed]

	



Ott, J.; Egarter, C.; Aguilera, A. Dydrogesterone after 60 years: A glance at the safety profile. Gynecol. Endocrinol. 2022, 38, 279–287. [Google Scholar] [CrossRef]

	



MacDonald, R.R.; Goulden, R.; Oakey, R.E. Cervical mucus, vaginal cytology and steroid excretion in recurrent abortion. Obstet. Gynecol. 1972, 40, 394–402. [Google Scholar]

	



Omar, M.H.; Mashita, M.K.; Lim, P.S.; Jamil, M.A. Dydrogesterone in threatened abortion: Pregnancy outcome. J. Steroid Biochem. Mol. Biol. 2005, 97, 421–425. [Google Scholar] [CrossRef]

	



El-Zibdeh, M.Y.; Yousef, L.T. Dydrogesterone support in threatened miscarriage. Maturitas 2009, 65 (Suppl. 1), S43–S46. [Google Scholar] [CrossRef]

	



Pandian, R.U. Dydrogesterone in threatened miscarriage: A Malaysian experience. Maturitas 2009, 65 (Suppl. 1), S47–S50. [Google Scholar] [CrossRef]

	



Siew, J.Y.S.; Allen, J.C.; Hui, C.Y.Y.; Ku, C.W.; Malhotra, R.; Ostbye, T.; Tan, T.C. The randomised controlled trial of micronised progesterone and dydrogesterone (TRoMaD) for threatened miscarriage. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 228, 319–324. [Google Scholar] [CrossRef]

	



Chan, D.M.K.; Cheung, K.W.; Ko, J.K.Y.; Yung, S.S.F.; Lai, S.F.; Lam, M.T.; Ng, D.Y.T.; Lee, V.C.Y.; Li, R.H.W.; Ng, E.H.Y. Use of oral progestogen in women with threatened miscarriage in the first trimester: A randomized double-blind controlled trial. Hum. Reprod. 2021, 36, 587–595. [Google Scholar] [CrossRef]

	



El-Zibdeh, M.Y. Dydrogesterone in the reduction of recurrent spontaneous abortion. J. Steroid Biochem. Mol. Biol. 2005, 97, 431–434. [Google Scholar] [CrossRef] [PubMed]

	



Carp, H. A systematic review of dydrogesterone for the treatment of recurrent miscarriage. Gynecol. Endocrinol. 2015, 31, 422–430. [Google Scholar] [CrossRef] [PubMed]

	



Kale, A.R.; Kale, A.A.; Yelikar, K. A comparative, randomized control trial in patients of per vaginal bleeding comparing efficacy of oral dydrogesterone versus vaginal progesterone in successful pregnancy outcome for patients with recurrent pregnancy loss. J. Obstet. Gynaecol. India 2021, 71, 591–595. [Google Scholar] [CrossRef] [PubMed]

	



Griesinger, G.; Blockeel, C.; Tournaye, H. Oral dydrogesterone for luteal phase support in fresh in vitro fertilization cycles: A new standard? Fertil. Steril. 2018, 109, 756–762. [Google Scholar] [CrossRef] [PubMed]

	



Podzolkova, N.; Tatarchuk, T.; Doshchanova, A.; Eshimbetova, G.; Pexman-Fieth, C. Dydrogesterone treatment for menstrual-cycle regularization in routine clinical practice: A multicenter observational study. Gynecol. Endocrinol. 2016, 32, 246–249. [Google Scholar] [CrossRef]

	



Queisser-Luft, A. Dydrogesterone use during pregnancy: Overview of birth defects reported since 1977. Early Hum. Dev. 2009, 85, 375–377. [Google Scholar] [CrossRef] [PubMed]

	



Katalinic, A.; Shulman, L.P.; Strauss, J.F.; Garcia-Velasco, J.A.; Anker, J. A critical appraisal of safety data on dydrogesterone for the support of early pregnancy: A scoping review and meta-analysis. Reprod. Biomed. Online, 2022; online ahead of print. [Google Scholar] [CrossRef]

	



Tournaye, H.; Sukhikh, G.T.; Kahler, E.; Griesinger, G. A Phase III randomized controlled trial comparing the efficacy, safety and tolerability of oral dydrogesterone versus micronized vaginal progesterone for luteal support in in vitro fertilization. Hum. Reprod. 2017, 32, 2152. [Google Scholar] [CrossRef]

	



Griesinger, G.; Blockeel, C.; Sukhikh, G.T.; Patki, A.; Dhorepatil, B.; Yang, D.Z.; Chen, Z.J.; Kahler, E.; Pexman-Fieth, C.; Tournaye, H. Oral dydrogesterone versus intravaginal micronized progesterone gel for luteal phase support in IVF: A randomized clinical trial. Hum. Reprod. 2018, 33, 2212–2221. [Google Scholar] [CrossRef][Green Version]

	



Griesinger, G.; Blockeel, C.; Kahler, E.; Pexman-Fieth, C.; Olofsson, J.I.; Driessen, S.; Tournaye, H. Dydrogesterone as an oral alternative to vaginal progesterone for IVF luteal phase support: A systematic review and individual participant data meta-analysis. PLoS ONE 2020, 15, e0241044. [Google Scholar] [CrossRef]

	



Atzmon, Y.; Aslih, N.; Estrada, D.; Bilgory, A.; Ellenbogen, A.; Shalom-Paz, E. Comparable outcomes using oral dydrogesterone vs. micronized vaginal progesterone in frozen embryo transfer: A retrospective cohort study. Reprod. Sci. 2021, 28, 1874–1881. [Google Scholar] [CrossRef] [PubMed]

	



Yang, D.Z.; Griesinger, G.; Wang, W.; Gong, F.; Liang, X.; Zhang, H.; Sun, Y.; Kahler, E.; Pexman-Fieth, C.; Olofsson, J.I.; et al. A Phase III randomized controlled trial of oral dydrogesterone versus intravaginal progesterone gel for luteal phase support in in vitro fertilization (Lotus II): Results from the Chinese mainland subpopulation. Gynecol. Endocrinol. 2020, 36, 175–183. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Huang, J.; Xie, Q.; Lin, J.; Lu, X.; Wang, N.; Gao, H.; Cai, R.; Kuang, Y. Neonatal outcomes and congenital malformations in children born after dydrogesterone application in progestin-primed ovarian stimulation protocol for IVF: A retrospective cohort study. Drug Des. Devel. Ther. 2019, 13, 2553–2563. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Zaqout, M.; Aslem, E.; Abuqamar, M.; Abughazza, O.; Panzer, J.; De Wolf, D. The impact of oral intake of dydrogesterone on fetal heart development during early pregnancy. Pediatr. Cardiol. 2015, 36, 1483–1488. [Google Scholar] [CrossRef]

	



Koren, G.; Gilboa, D.; Katz, R. Expression of concern to: Fetal safety of dydrogesterone exposure in the first trimester of pregnancy. Clin. Drug Investig. 2020, 40, 681. [Google Scholar] [CrossRef][Green Version]

	



Medicines and Healthcare Products Regulatory Agency (MHRA). Efficacy of Progestogens in the Maintenance of Early Pregnancy in Women with Threatened Miscarriage or Recurrent Miscarriage. February 2008. Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/852391/Efficacy_of_progestogens_in_the_maintenance_of_early_pregnancy_in_women_with_threatened_miscarriage_or_recurrent_miscarriage.pdf (accessed on 24 January 2023).

	



Williamson, S.P.; Moffitt, R.L.; Broadbent, J.; Neumann, D.L.; Hamblin, P.S. Coping, wellbeing, and psychopathology during high-risk pregnancy: A systematic review. Midwifery 2023, 116, 103556. [Google Scholar] [CrossRef]

	



Isaacs, N.Z.; Andipatin, M.G. A systematic review regarding women’s emotional and psychological experiences of high-risk pregnancies. BMC Psychol. 2020, 8, 45. [Google Scholar] [CrossRef]

	



Yu, X.; Liu, Y.; Huang, Y.; Zeng, T. The effect of nonpharmacological interventions on the mental health of high-risk pregnant women: A systematic review. Complement. Ther. Med. 2022, 64, 102799. [Google Scholar] [CrossRef]

	



Dawes, L.; Waugh, J.J.S.; Lee, A.; Groom, K.M. Psychological well-being of women at high risk of spontaneous preterm birth cared for in a specialised preterm birth clinic: A prospective longitudinal cohort study. BMJ Open 2022, 12, e056999. [Google Scholar] [CrossRef]

	



Aliabadi, S.; Shayan, A.; Refaei, M.; Tapak, L.; Moradveisi, L. The effect of individual counseling based on the GATHER principles on perceived stress and empowerment of the mothers with high-risk pregnancies: An experimental study. BMC Psychiatry 2022, 22, 396. [Google Scholar] [CrossRef]

	



Mevorach-Zussman, N.; Bolotin, A.; Shalev, H.; Bilenko, N.; Mazor, M.; Bashiri, A. Anxiety and deterioration of quality of life factors associated with recurrent miscarriage in an observational study. J. Perinat. Med. 2012, 40, 495–501. [Google Scholar] [CrossRef] [PubMed]

	



Lachmi-Epstein, A.; Mazor, M.; Bashiri, A. Psychological and mental aspects and “tender loving care” among women with recurrent pregnancy losses. Harefuah 2012, 151, 633–637, 654. [Google Scholar]

	



Neugebauer, R. Depressive symptoms at two months after miscarriage: Interpreting study findings from an epidemiological versus clinical perspective. Depress. Anxiety 2003, 17, 152–161. [Google Scholar] [CrossRef] [PubMed]

	



Bailey, S.L.; Boivin, J.; Cheong, Y.C.; Kitson-Reynolds, E.; Bailey, C.; Macklon, N. Hope for the best …but expect the worst: A qualitative study to explore how women with recurrent miscarriage experience the early waiting period of a new pregnancy. BMJ Open 2019, 9, e029354. [Google Scholar] [CrossRef] [PubMed]

	



Ockhuijsen, H.D.; Boivin, J.; van den Hoogen, A.; Macklon, N.S. Coping after recurrent miscarriage: Uncertainty and bracing for the worst. J. Fam. Plann. Reprod. Health Care 2013, 39, 250–256. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Bailey, S.; Bailey, C.; Boivin, J.; Cheong, Y.; Reading, I.; Macklon, N. A feasibility study for a randomised controlled trial of the Positive Reappraisal Coping Intervention, a novel supportive technique for recurrent miscarriage. BMJ Open 2015, 5, e007322. [Google Scholar] [CrossRef] [PubMed]

	



Dimitriadis, E.; Menkhorst, E.; Saito, S.; Kutteh, W.H.; Brosens, J.J. Recurrent pregnancy loss. Nat. Rev. Dis. Primers 2020, 6, 98. [Google Scholar] [CrossRef]

	



Chichester, M.; Harding, K.M. Early pregnancy loss: Invisible but real. Nursing 2021, 51, 28–32. [Google Scholar] [CrossRef]

	



Yang, J.; Dowell, A.; Filoche, S. Views of health professionals on the impact of early miscarriage on women’s mental health and the accessibility of services and support. N. Z. Med. J. 2022, 135, 54–64. [Google Scholar]

	



Fenster, L.; Schaefer, C.; Mathur, A.; Hiatt, R.A.; Pieper, C.; Hubbard, A.E.; Von Behren, J.; Swan, S.H. Psychologic stress in the workplace and spontaneous abortion. Am. J. Epidemiol. 1995, 142, 1176–1183. [Google Scholar] [CrossRef]

	



Arck, P.C.; Rücke, M.; Rose, M.; Szekeres-Bartho, J.; Douglas, A.J.; Pritsch, M.; Blois, S.M.; Pincus, M.K.; Bärenstrauch, N.; Dudenhausen, J.W.; et al. Early risk factors for miscarriage: A prospective cohort study in pregnant women. Reprod. Biomed. Online 2008, 17, 101–113. [Google Scholar] [CrossRef] [PubMed]

	



Qu, F.; Wu, Y.; Zhu, Y.H.; Barry, J.; Ding, T.; Baio, G.; Muscat, R.; Todd, B.K.; Wang, F.F.; Hardiman, P.J. The association between psychological stress and miscarriage: A systematic review and meta-analysis. Sci. Rep. 2017, 7, 1731. [Google Scholar] [CrossRef] [PubMed]

	



San Lazaro Campillo, I.; Meaney, S.; Corcoran, P.; Spillane, N.; O’Donoghue, K. Risk factors for miscarriage among women attending an early pregnancy assessment unit (EPAU): A prospective cohort study. Ir. J. Med. Sci. 2019, 188, 903–912. [Google Scholar] [CrossRef] [PubMed]

	



Murphy, F.A.; Lipp, A.; Powles, D.L. Follow-up for improving psychological well being for women after a miscarriage. Cochrane Database Syst. Rev. 2012, 3, CD008679. [Google Scholar] [CrossRef][Green Version]

	



van den Berg, M.M.J.; Dancet, E.A.F.; Erlikh, T.; van der Veen, F.; Goddijn, M.; Hajenius, P.J. Patient-centered early pregnancy care: A systematic review of quantitative and qualitative studies on the perspectives of women and their partners. Hum. Reprod. Update 2018, 24, 106–118. [Google Scholar] [CrossRef] [PubMed]

	



Koert, E.; Malling, G.M.H.; Sylvest, R.; Krog, M.C.; Kolte, A.M.; Schmidt, L.; Nielsen, H.S. Recurrent pregnancy loss: Couples’ perspectives on their need for treatment, support and follow up. Hum. Reprod. 2019, 34, 291–296. [Google Scholar] [CrossRef]

	



Voss, P.; Schick, M.; Langer, L.; Ainsworth, A.; Ditzen, B.; Strowitzki, T.; Wischmann, T.; Kuon, R.J. Recurrent pregnancy loss: A shared stressor---couple-orientated psychological research findings. Fertil. Steril. 2020, 114, 1288–1296. [Google Scholar] [CrossRef]

	



Riggs, D.W.; Due, C.; Tape, N. Australian heterosexual men’s experiences of pregnancy loss: The relationships between grief, psychological distress, stigma, help-seeking, and support. Omega 2021, 82, 409–423. [Google Scholar] [CrossRef]

	



Harty, T.; Trench, M.; Keegan, O.; O’Donoghue, K.; Nuzum, D. The experiences of men following recurrent miscarriage in an Irish tertiary hospital: A qualitative analysis. Health Expect. 2022, 25, 1048–1057. [Google Scholar] [CrossRef]

	



Miller, E.J.; Temple-Smith, M.J.; Bilardi, J.E. ‘There was just no-one there to acknowledge that it happened to me as well’: A qualitative study of male partner’s experience of miscarriage. PLoS ONE 2019, 14, e0217395. [Google Scholar] [CrossRef]

	



Obst, K.L.; Due, C.; Oxlad, M.; Middleton, P. Men’s grief following pregnancy loss and neonatal loss: A systematic review and emerging theoretical model. BMC Pregnancy Childbirth 2020, 20, 11. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Nakano, Y.; Akechi, T.; Furukawa, T.A.; Sugiura-Ogasawara, M. Cognitive behavior therapy for psychological distress in patients with recurrent miscarriage. Psychol. Res. Behav. Manag. 2013, 6, 37–43. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Patel, A.; Dinesh, N.; Sharma, P.S.V.N.; Kumar, P.; Binu, V.S. Outcomes of structured psychotherapy for emotional adjustment in a childless couple diagnosed with recurrent pregnancy loss: A unique investigation. J. Hum. Reprod. Sci. 2018, 11, 202–207. [Google Scholar] [CrossRef]

	



Jensen, K.H.K.; Krog, M.C.; Koert, E.; Hedegaard, S.; Chonovitsch, M.; Schmidt, L.; Kolte, A.M.; Nielsen, H.S. Meditation and mindfulness reduce perceived stress in women with recurrent pregnancy loss: A randomized controlled trial. Reprod. Biomed. Online 2021, 43, 246–256. [Google Scholar] [CrossRef]

	



Elsharkawy, N.B.; Mohamed, S.M.; Awad, M.H.; Ouda, M.M.A. Effect of happiness counseling on depression, anxiety, and stress in women with recurrent miscarriage. Int. J. Womens Health 2021, 13, 287–295. [Google Scholar] [CrossRef]

	



Green, D.M.; O’Donoghue, K. A review of reproductive outcomes of women with two consecutive miscarriages and no living child. J. Obstet. Gynaecol. 2019, 39, 816–821. [Google Scholar] [CrossRef]

	



Yu, A.Y.; Temple-Smith, M.J.; Bilardi, J.E. Health care support following miscarriage in Australia: A qualitative study. How can we do better? Aust. J. Prim. Health 2022, 28, 172–178. [Google Scholar] [CrossRef]

	



Kuon, R.J.; Togawa, R.; Vomstein, K.; Weber, M.; Goeggl, T.; Strowitzki, T.; Markert, U.R.; Zimmermann, S.; Daniel, V.; Dalpke, A.H.; et al. Higher prevalence of colonization with Gardnerella vaginalis and gram-negative anaerobes in patients with recurrent miscarriage and elevated peripheral natural killer cells. J. Reprod. Immunol. 2017, 120, 15–19. [Google Scholar] [CrossRef]

	



Sirota, I.; Zarek, S.M.; Segars, J.H. Potential influence of the microbiome on infertility and assisted reproductive technology. Semin. Reprod. Med. 2014, 32, 35–42. [Google Scholar] [CrossRef][Green Version]

	



Zhang, F.; Zhang, T.; Ma, Y.; Huang, Z.; He, Y.; Pan, H.; Fang, M.; Ding, H. Alteration of vaginal microbiota in patients with unexplained recurrent miscarriage. Exp. Ther. Med. 2019, 17, 3307–3316. [Google Scholar] [CrossRef][Green Version]

	



Kuroda, K.; Ikemoto, Y.; Horikawa, T.; Moriyama, A.; Ojiro, Y.; Takamizawa, S.; Uchida, T.; Nojiri, S.; Nakagawa, K.; Sugiyama, R. Novel approaches to the management of recurrent pregnancy loss: The OPTIMUM (OPtimization of Thyroid function, Thrombophilia, Immunity, and Uterine Milieu) treatment strategy. Reprod. Med. Biol. 2021, 20, 524–536. [Google Scholar] [CrossRef]

	



Li, J.; Hong, X.; Mesiano, S.; Muglia, L.J.; Wang, X.; Snyder, M.; Stevenson, D.K.; Shaw, G.M. Natural selection has differentiated the progesterone receptor among human populations. Am. J. Hum. Genet. 2018, 103, 45–57. [Google Scholar] [CrossRef][Green Version]

	



Zeberg, H.; Kelso, J.; Pääbo, S. The neandertal progesterone receptor. Mol. Biol. Evol. 2020, 37, 2655–2660. [Google Scholar] [CrossRef]

	



Bahia, W.; Finan, R.R.; Al-Mutawa, M.; Haddad, A.; Soua, A.; Janhani, F.; Mahjoub, T.; Almawi, W.Y. Genetic variation in the progesterone receptor gene and susceptibility to recurrent pregnancy loss: A case-control study. BJOG 2018, 125, 729–735. [Google Scholar] [CrossRef][Green Version]

	



Lewis, C.A.; Kimmig, A.S.; Zsido, R.G.; Jank, A.; Derntl, B.; Sacher, J. Effects of hormonal contraceptives on mood: A focus on emotion recognition and reactivity, reward processing, and stress response. Curr. Psychiatry Rep. 2019, 21, 115. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Standeven, L.R.; McEvoy, K.O.; Osborne, L.M. Progesterone, reproduction, and psychiatric illness. Best Pract. Res. Clin. Obstet. Gynaecol. 2020, 69, 108–126. [Google Scholar] [CrossRef]

	



Shirazi, T.N.; Rosenfield, K.A.; Cardenas, R.A.; Breedlove, S.M.; Puts, D.A. No evidence that hormonal contraceptive use or circulating sex steroids predict complex emotion recognition. Horm. Behav. 2020, 119, 104647. [Google Scholar] [CrossRef]

	



Sundstrom-Poromaa, I.; Comasco, E.; Sumner, R.; Luders, E. Progesterone—Friend or foe? Front. Neuroendocrinol. 2020, 59, 100856. [Google Scholar] [CrossRef]

	



Reynolds, T.A.; Makhanova, A.; Marcinkowska, U.M.; Jasienska, G.; McNulty, J.K.; Eckel, L.A.; Nikonova, L.; Maner, J.K. Progesterone and women’s anxiety across the menstrual cycle. Horm. Behav. 2018, 102, 34–40. [Google Scholar] [CrossRef]

	



McEvoy, K.; Osborne, L.M. Allopregnanolone and reproductive psychiatry: An overview. Int. Rev. Psychiatry 2019, 31, 237–244. [Google Scholar] [CrossRef]








[image: Jcm 12 01827 g001 550] 





Figure 1. Chemical structures of (a) progesterone and dydrogesterone and resulting difference in spatial conformation and (b) main dydrogesterone metabolite, 20α-dihydrodydrogesterone. 
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Figure 2. Tolerability of dydrogesterone versus vaginal progesterone gel (8%) in luteal phase support [68]. * p < 0.05 by Chi-square test, in favor of Crinone group. Reprinted from Eur J Obstet Gynecol Reprod Bio, Vol 186, Tomic V, Tomic J, Klaic DZ, et al. Oral dydrogesterone versus vaginal progesterone gel in the luteal phase support: randomized controlled trial, Pages 49–53, Copyright 2015, with permission from Elsevier. 
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Table 1. Summary of guidelines for treatment of pregnancy loss.
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Guidelines for Threatened PL




	
International and Regional Guidelines/Citation

	
Recommendations/Statements




	
EPC guideline (2015 [5])

	
For women presenting with a clinical diagnosis of threatened PL, there is a reduction in the rate of spontaneous PL with the use of dydrogesterone




	
Australia and New Zealand, RANZCOG guidelines [25]

	
Progestogen supplementation until the second trimester in women presenting with a clinical diagnosis of threatened miscarriage may reduce the rate of spontaneous miscarriage and may be considered




	
National Guideline/Citation

	
Recommendations/Statements




	
UK, NICE guidelines [26]

	
Offer vaginal micronized progesterone 400 mg BID to women with an intrauterine pregnancy confirmed by a scan if they have vaginal bleeding and have previously had a miscarriage




	
Saudi Arabian guidelines [27]

	
Oral progestogens, namely dydrogesterone, are well tolerated and effectively reduce miscarriages in women at risk of threatened miscarriage




	
Available evidence is insufficient to recommend the use of vaginal progestogens a for the treatment of threatened miscarriage




	
Russian clinical guidelines (miscarriage) [28]

	
Dydrogesterone or micronized progesterone should be prescribed to women with threatened miscarriage as a pregnancy-saving therapy. Both dydrogesterone and micronized progesterone have good safety profiles




	
Malaysian guidelines [29]

	
Women may be treated with:

Oral dydrogesterone (10 mg BID), from the onset of bleeding until 1 week after bleeding has stopped

Oral dydrogesterone (10 mg BID from the onset of bleeding until the 16th week of pregnancy), or micronized progesterone (400 mg BID vaginal/rectal administration) if the woman has a history of ≥1 previous miscarriage




	
FOGSI guidelines [30]

	
Women may be treated with MVP (400 mg/day until bleeding stops) or oral dydrogesterone (40 mg loading dose followed by 20–30 mg/day until 7 days after bleeding stops)




	
Chinese guidelines [31]

	
Oral dydrogesterone is the first choice—40 mg immediately, followed by 10 mg every 8 h until symptoms abate; then continue oral dydrogesterone for 1 to 2 weeks




	
Vietnamese guidelines [32]

	
Endocrine medication, such as progesterone 25 mg × 2 ampoules (intramuscular injection)/day, if there is evidence of endocrine insufficiency or to relax the uterine muscles




	
Vietnamese Hung Vuong Hospital guidelines [33]

	
Treat symptoms after excluding infectious threatened miscarriage:

Progesterone 25 mg/ampoule (intramuscular injection); 1–4 ampoules/day

Semi-synthetic (dydrogesterone), maximum dose 40 mg/day;

Oral progesterone, maximum dose 600 mg/day




	
Taiwanese guidelines, Taiwan Society of Perinatology 2022 [34]

	
Oral dydrogesterone is the only recommended medicine: 40 mg immediately followed by 10 mg BID until symptoms are in complete remission; then continue dydrogesterone 10 mg BID for 1 to 2 weeks




	
Indonesian guidelines [35]

	
Natural progestogens can be used as therapy for threatened miscarriage

Recommendations for treatment include:

Dydrogesterone initial dose of 40 mg orally followed by 3 × 10 mg until bleeding stops. Then taper off 2 × 10 mg up to 16 weeks gestation

Progesterone 2 × 400 mg orally until 12 weeks gestation

Pessary progesterone 2 × 400 mg rectally

Progesterone gel 8%, 90 mg, 1–2 times/day vaginally

Hydroxyprogesterone 250 mg/week, intramuscularly




	
Mexican guidelines [36]

	
Current evidence is insufficient for prescribing progesterone; however, the use of progesterone is recommended for avoiding an emergency and unnecessary medical procedure, and for reassuring the patient




	
Philippines [37]

	
Data are limited and further investigation is required; however, there is some evidence that progesterone treatment may reduce the risk of a PL even in women without a history of recurrent PL

Progesterone is available for use in three forms: oral, intramuscular, and intravaginal. Among these preparations, oral progesterone is more effective for the treatment of women with threatened PL

Progesterone, especially oral dydrogesterone, may be given to treat threatened PL in women with a history of recurrent PL




	
Guidelines for Recurrent PL




	
International and Regional Guidelines/Citation

	
Recommendations/Statements




	
EPC guideline [5]

	
For women presenting with a clinical diagnosis of recurrent miscarriage (three or more), there is a reduction in the rate of miscarriage with the use of dydrogesterone




	
ESHRE guideline [7]

	
Vaginal progesterone during early pregnancy has no beneficial effect in women with unexplained recurrent PL. There is some evidence that dydrogesterone, initiated when fetal heart action can be confirmed, may be effective, but more trials are needed




	
German (DGGG), Austrian (OEGGG), and Swiss (SGGG) Societies of Gynecology and Obstetrics guideline [10]

	
Synthetic progestogens b can be administered to women with idiopathic recurrent miscarriage in the first trimester of pregnancy to prevent miscarriage




	
Treatment with natural micronized progesterone in the first trimester of pregnancy to prevent miscarriage is not recommended for women with idiopathic recurrent miscarriage




	
National Guideline/Citation

	
Recommendations/Statements




	
UK, Royal College of Obstetricians and Gynaecologists guidelines [11]

	
There is insufficient evidence to evaluate the effect of progesterone supplementation in pregnancy to prevent a miscarriage in women with recurrent miscarriage




	
American Society for Reproductive Medicine [8]

	
In patients with three or more consecutive miscarriages immediately preceding their current pregnancy, empiric progestogen administration may be of some benefit




	
Saudi Arabian guidelines [27]

	
Oral progestogens, namely dydrogesterone, are well tolerated and effectively reduce miscarriages in women at risk of idiopathic recurrent miscarriage




	
Available evidence is insufficient to recommend the use of vaginal progestogens a for the treatment of recurrent miscarriage




	
Israeli guidelines [38]

	
Progesterone support has been found to provide an advantage in women with recurrent PLs. Meta-analyses and systematic reviews have found an advantage in specific preparations such as dydrogesterone




	
Russian clinical guidelines (recurrent miscarriage) [39]

	
Dydrogesterone or micronized progesterone should be prescribed to women with recurrent miscarriage before pregnancy in luteal phase or from the first visit during pregnancy until 20 weeks of pregnancy. Both dydrogesterone and micronized progesterone have good safety profiles




	
Russian clinical guidelines (normal pregnancy) [40]

	
Oral dydrogesterone (20 mg/day) or micronized progesterone (200–600 mg/day, oral or vaginal) should be prescribed to women with recurrent miscarriage from the first visit until 20 weeks of pregnancy




	
Malaysian guidelines [29]

	
Can consider progesterone therapy in women with unexplained recurrent miscarriages: There is some evidence that oral dydrogesterone is effective if initiated when fetal heart

activity is confirmed




	
FOGSI guidelines [30]

	
Women may be treated with oral dydrogesterone (10 mg BID until 20 weeks of pregnancy) or MVP (400 mg/day until 20 weeks of pregnancy)




	
Chinese guidelines [31]

	
Oral dydrogesterone is the first choice: 30 mg/day




	
Taiwanese guidelines, Taiwan Society of Perinatology 2022

[34]

	
Oral dydrogesterone 10 mg BID or MVP 400 mg BID is to be given when pregnancy is confirmed. Treatment should be continued until 20th week of gestation




	
Indonesian guidelines

[41]

	
Administration of dydrogesterone significantly reduces the chance of recurrent miscarriage and increases pregnancy rate (Recommendation A)

Administration of dydrogesterone is more effective and beneficial when started as soon as fetal heart activity is confirmed/from the luteal phase, because it has been shown to reduce the risk of miscarriage (Recommendation A)




	
Vietnamese guidelines [32]

	
Treatment option is based on the cause of recurrent miscarriage; in the case of endocrine insufficiency: endocrine supplements such as progesterone 25 mg × 2 ampoules

(deep intramuscular injection)/day, estrogen 2 mg/day




	
Philippines [37]

	
There appears to be benefit in giving progestogens orally (medroxyprogesterone acetate 10 mg/day or dydrogesterone 20–30 mg/day until ≥12 weeks) or intramuscularly (hydroxyprogesterone caproate 500 mg/week until 36 weeks) in preventing PL among women who have a history of recurrent PL

There is insufficient evidence to show any preferred route, dosage, or duration

of treatment








a Capsule, suppository, micronized, or gel; b supporting dataset included dydrogesterone in the synthetic progestogen group [42]. BID, twice daily; EPC, European Progestin Club; ESHRE, European Society of Human Reproduction and Embryology; FOGSI, Federation of Obstetric and Gynaecological Societies of India; MVP, micronized vaginal progesterone; NICE, National Institute for Health and Care Excellence; PL, pregnancy loss; RANZCOG, Royal Australian and New Zealand College of Obstetricians and Gynaecologists; UK, United Kingdom.
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Table 2. Dydrogesterone in threatened pregnancy loss.
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Rate of PL

	

	




	
RCT

	
Dydrogesterone Treatment

	
Control Treatment

	
Dydrogesterone

	
Control or Untreated Group

	
RR/OR

(95% CI)

	
p Value






	
[76]

	
Dydrogesterone 40 mg, followed by 10 mg BID (n = 74) until bleeding stopped, or conservative therapy with bed rest and folic acid

	
All women received bed rest and folic acid (n = 80)

	
4.1%

	
13.8%

	
–

	
p = 0.037




	
[77]

	
Standard supportive care and dydrogesterone 10 mg BID (n = 86) until 1 week after bleeding stopped

	
All women received standard supportive care a (n = 60)

	
17.5%

	
25.0%

	
–

	
p < 0.05




	
[78]

	
Dydrogesterone 40 mg (stat dose), followed by 10 mg BID (n = 96) until Week 16

	
Conservative management with bed rest only (n = 95)

	
12.5%

	
28.4%

	
–

	
p < 0.05




	
[79]

	
Dydrogesterone 10 mg BID (n = 71) for 2 weeks

	
Oral micronized progesterone 200 mg BID (n = 70) for 2 weeks

	
15.2%

	
10.2%

	
–

	
p = 0.581




	
[80]

	
Dydrogesterone 40 mg (stat dose), followed by 10 mg TID (n = 203) until Week 12 or 1 week after cessation of bleeding

	
Placebo (n = 203)

	
12.8%

	
14.3%

	
RR: 0.897

(0.548–1.467)

	
p = 0.772




	

	

	

	
Rate of PL

	

	




	
Meta-Analysis

	
Dataset

	
Main Result

	
Dydrogesterone

	
Control

	
RR/OR

(95% CI)

	
p Value




	
[67]

	
Dydrogesterone vs. placebo or conservative treatment

Five studies (n = 660)

	
Significant b reduction in the miscarriage rate with dydrogesterone

	
13.0%

	
24.0%

	
OR: 0.47

(0.31–0.70)

	
NA b




	
[6]

	
Dydrogesterone vs. control

(conservative treatment)

Three studies (n = 491)

	
Significant reduction in the miscarriage rate with dydrogesterone

	
11.7%

	
22.6%

	
OR: 0.43

(0.26–0.71)

	
p = 0.001




	
Vaginal progesterone vs. control (placebo or conservative treatment)

Four studies (n = 286)

	
Decrease in the miscarriage rate with vaginal progesterone (not significant)

	
15.4%

	
20.3%

	
OR: 0.72

(0.39–1.34)

	
p = 0.3




	
[3]

	
Oral progestogen vs. no treatment

Three studies (n = 408); dydrogesterone two studies (n = 337)

	
Significant reduction in the miscarriage rate with oral progestogens (including dydrogesterone)

	
NA

	
NA

	
RR: 0.57

(0.38–0.85)

	
p = 0.0059




	
Vaginal progesterone vs. placebo

Four studies (n = 288)

	
Little or no treatment effect with vaginal progesterone

	
NA

	
NA

	
RR: 0.75

(0.47–1.21)

	
p = 0.24




	
[54]

	
Progestogens vs. placebo or no treatment

Ten studies (n = 5104); dydrogesterone vs. placebo or no treatment, four studies (n = 563)

	
Oral progestogens may have benefits on rates of PL: benefit only seen with oral progestogen and not with vaginal progesterone

	
18.5%

	
21.9%

	
RR: 0.73

(0.59–0.92)

	
p = 0.01




	
[57]

	
Progestogens vs. other progesterone treatment or placebo

59 studies (n = 10,424);

dydrogesterone vs. other progesterone treatment or placebo, 49 studies (n = 2793)

	
Dydrogesterone significantly reduced the risk of miscarriage vs. vaginal, IM, and oral micronized progesterone or placebo

	
NA

	
NA

	
Vaginal

OR: 0.50

(0.34–0.74)

	
p = 0.002




	
IM

OR: 0.41

(0.32–0.54)

	
p = 0.006




	
Oral

OR: 0.37

(0.28–0.48)

	
p < 0.001




	
Placebo

OR: 0.42

(0.29–0.61)

	
p < 0.001








a Iron, folic acid, multivitamin supplements, and recommended bed rest; bp value not stated. BID, twice daily; CI, confidence interval; IM, intramuscular; NA, not applicable; OR, odds ratio; PL, pregnancy loss; RCT, randomized clinical trial; RR, risk ratio; TID, three times daily.
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Table 3. Dydrogesterone in recurrent pregnancy loss.
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Rate of PL

	

	




	
RCT

	
Dydrogesterone Treatment

	
Control Treatment

	
Dydrogesterone

	
Control or Untreated Group

	
RR/OR

(95% CI)

	
p Value






	
[81]

	
Dydrogesterone 10 mg BID (n = 82) until gestation Week 12

	
No additional treatment (n = 48)

	
13.4%

	
29.0%

	
–

	
p = 0.028




	
[62]

	
Dydrogesterone 20 mg/day (n = 175) until gestation Week 20

	
Placebo (n = 173)

	
6.9%

	
16.8%

	
–

	
p = 0.004




	

	

	

	
Rate of PL

	

	




	
Meta-Analysis

	
Dataset

	
Main Result

	
Progestogen

	
Control

	
RR/OR

(95% CI)

	
p Value




	
[82]

	
Dydrogesterone vs. placebo or conservative treatment (standard care)

Three studies (n = 509)

	
Significant reduction in the miscarriage rate with dydrogesterone

	
10.5%

	
23.5%

	
OR: 0.29

(0.13–0.65)

	
NA a




	
[42]

	
Progestogens vs. placebo or no treatment

Ten studies (n = 1586);

dydrogesterone vs. placebo or no treatment, three studies (n = 277)

	
Lower risk of miscarriage with progestogen treatment

	
–

	
–

	
RR: 0.72

(0.53–0.97)

	
p = 0.03




	
[2]

	
Progestogens vs. placebo or

no treatment

Ten studies (n = 1684);

dydrogesterone vs. placebo or no treatment, three studies (n = 518)

	
Numerical decrease in the miscarriage rate with progestogen treatment (not significant)

	
20.1%

	
27.5%

	
RR: 0.73

(0.54–1.00) b

	
p = 0.10








a p value not stated; b two of the three studies using dydrogesterone showed a clear reduction in the risk of PL with progestogen treatment [62,81]. BID, twice daily; CI, confidence interval; NA, not applicable; OR, odds ratio; PL, pregnancy loss; RCT, randomized clinical trial; RR, risk ratio.
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