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Primary ovarian insufficiency (POI) is a clinical spectrum of ovarian dysfunction. Overt POI presents with oligo/amenorrhea and hypergonadotropic hypogonadism before age 40 years. Overt POI involves chronic health problems to include increased morbidity and mortality related to estradiol deficiency and the associated osteoporosis and cardiovascular disease as well as psychological and psychiatric disorders related to the loss of reproductive hormones and infertility. Presently, with standard clinical testing, a mechanism for Overt POI can only be identified in about 10% of cases. Now discovery of new mechanisms permits an etiology to be identified in a research setting in 25–30% of overt cases. The most common genetic cause of Overt POI is premutation in FMR1. The associated infertility is life altering. Oocyte donation is effective, although many women prefer to conceive with their own ova. Surprisingly, the majority who have Overt POI still have detectable ovarian follicles (70%). The major mechanism of follicle dysfunction in Overt POI has been histologically defined by a prospective NIH study: inappropriate follicle luteinization due to the tonically elevated serum LH levels. A trial of physiologic hormone replacement therapy, clinically proven to suppress the elevated LH levels in these women, may improve follicle function and increase the chance of ovulation. Here, we report the case of a woman with Overt POI diagnosed at age 35 years. To attempt pregnancy, she elected a trial of intrauterine insemination (IUI) in conjunction with follicle monitoring and physiologic hormone replacement therapy. She conceived on the eighth cycle of treatment and delivered a healthy baby. Our report calls for a concerted effort to define the best methods by which to optimize fertility for women who have POI.
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INTRODUCTION

The diagnosis of primary ovarian insufficiency (POI) needs to be considered in the differential diagnosis for any woman of reproductive age who presents with infertility developing at <40 years of age. The disorder is a clinical spectrum of impaired ovarian function. Overt POI presents clinically as oligo/amenorrhea in association with menopausal level serum FSH values. Biochemical POI presents with infertility, regular menstrual cycles, and elevated cycle day 3 serum FSH levels. Occult POI presents with infertility, regular menstrual cycles, normal cycle day 3 serum FSH values, and a poor response to exogenous gonadotropin stimulation (Nelson, 2009).

In this case report, we describe a woman who presented with oligo/amenorrhea at age 29 years. At age 35, she was given a diagnosis of Overt POI. She conceived and delivered a healthy child by employing follicle monitoring in conjunction with physiologic hormone replacement therapy (P-HRT) and intrauterine insemination. The P-HRT was employed to suppress elevated serum LH levels in order to avoid premature and inappropriate follicle luteinization (Nelson et al., 1994). As a rare disorder, POI puts many clinicians at a loss on how to manage Overt POI and a lack of appreciation for: (1) the pathophysiology of follicle dysfunction in Overt POI (Nelson et al., 1994), (2) the many benefits bestowed by providing P-HRT (Popat et al., 2014), and (3) the possibility of pregnancy in this condition (Fraison et al., 2019).



CASE REPORT

In January 2012, a previously healthy 29-year-old woman physician presented with a 7-month history of oligo-amenorrhea and a noticeable increase in fatigue and sleepiness despite adequate sleep hygiene. She had no vasomotor symptoms or night sweats. Laboratory evaluation revealed normal thyroid function and a markedly elevated serum FSH level of 37.6 mU/ml (normal follicular phase range 2.5–10.2). In February 2012, repeat laboratory examinations revealed serum FSH at 8.7 mU/ml, LH at 4.8 mU/ml (normal 2–15), estradiol at 132 pg/ml (normal 30–190), and testosterone at 11 ng/dl (normal range: 25–125). At age 31, she began taking the oral contraceptive. In August 2017, at age 35, she consulted a reproductive endocrinologist to discuss her desire to have a child. At that time, 2 weeks after stopping the oral contraceptive, her FSH was 19.4 mu/ml, AMH 0.2 ng/ml, and her estradiol was 52 pg/ml. She was given a diagnosis of Overt POI. Her POI was idiopathic. She had a normal 46,XX karyotype, negative genetic testing for the fragile X mental retardation 1 (FMR1) premutation (29/32 CCG repeats), negative 21 hydroxylase antibody testing (<1 U/ml), and small ovaries on ultrasound examination. A bone density measurement was normal. A saline sonogram revealed a small endometrial polyp, which was removed by hysteroscopy. Consultants suggested egg donation as her best option to have a child and advised IVF and oocyte preservation were not options for her.

Here is how the patient describes her care experience after seeing several consultants:

“After my misdiagnosis and then difficulty accessing complete care for POI, I didn't know how to balance being a “good patient” and advocating for myself. I felt utterly dependent and distrusting at the same time. It made me sad that I couldn't find a physician to care for me the way I do for my own patients. I've been told that this should be humbling and help give me more empathy for my patients. I'm tired of being humbled. We – women with POI – deserve better. We deserve doctors who are informed about our condition, who know the limits of their knowledge, and who are not too proud to seek expertise.”

The patient thus sought out the assistance of a health coach board certified by the National Board for Health and Wellness Coaching (National Board for Health and Wellness Coaching, n.d.). She wanted to learn how to better advocate with her clinician regarding her specific needs as a woman living with Overt POI. The health coach also helped her to “more confidently make decisions regarding her treatment plan” and “to better process and deal with the inherent stresses of fertility treatments.” She elected to attempt conception with her own ova rather than using donor ova. She found a clinician willing to work with her special care needs.

In October 2018, while continuing the NIH P-HRT regimen to suppress LH levels, she conceived on the eighth cycle of intrauterine insemination (IUI) using donor sperm. On the NIH P-HRT regimen, her menstrual cycle day 3 serum LH level was in the normal range at LH 6.93 mIU/L. Her clinician monitored follicle development by serial transvaginal ultrasound, and the woman monitored urinary LH measurements. After the eighth cycle on this regimen, her home pregnancy test showed positive on day 13 post-IUI. This was confirmed by serial serum beta HCG measurements. The pregnancy was uncomplicated until at 35 weeks gestation when she developed gestational hypertension. There was concern also for intrauterine growth restriction. Due to ongoing concerns, her care team induced labor. The baby was born at 37 weeks and 4 days gestation. The neonatal course was complicated by being small for gestational age, with associated hypothermia, hypoglycemia, and hyperbilirubinemia. The baby was discharged home in good condition on the third day of life.



LIFE EXPECTANCY AND QUALITY OF LIFE

Importantly, convincing evidence has demonstrated women who have Overt POI in fact have a shorter life span. This is likely related to the long-term morbidity of chronic estradiol deficiency. A 2016 systematic review and meta-analysis addressed this issue. The report included an analysis of seven prospective studies producing nine articles. (Tao et al., 2016) the report showed women who have Overt POI as compared with controls have: (1) a higher risk of death from all causes and (2) a higher risk of death from ischemic heart disease. The study found no significant association with all-cancer mortality (Tao et al., 2016). If indeed the increased mortality is related to estradiol deficiency, one would expect a well-controlled prospective natural history study which provides physiologic HRT to improve their life expectancy. Importantly, an NIH prospective controlled study showed P-HRT restored the POI-related reduced bone density to normal by the end of 3 years (Popat et al., 2014). The NIH P-HRT regimen restored regular menses, relieved symptoms of estradiol deficiency, and was well-tolerated.



QUALITY OF CARE

Most women who have Overt POI are not satisfied with the quality of care provided by their clinician (Groff et al., 2005). Overall, 71% were displeased with how their clinician informed them of the diagnosis. Most (89%) experienced moderate to severe emotional distress at the time. The degree of emotional distress was more severe in those women who were most dissatisfied with how they were told the diagnosis. The women reported several factors which helped then to cope with the diagnosis. These included getting thorough and accurate information about the disorder from the clinician, support of others, and spirituality. Most women find the diagnosis of Overt POI to be difficult to understand and emotionally traumatic. The findings suggest that clinicians can reduce the level of distress experienced by these women by better informing them about the diagnosis. Patients perceive a need to spend more time with clinicians and a need for more complete information about Overt POI (Groff et al., 2005).



EMOTIONAL HEALTH

Prospective controlled study has demonstrated women who have Overt POI as compared with controls have more symptoms of depression and anxiety, lower positive affect, and higher negative affect (Davis et al., 2010). In a controlled study, illness uncertainty was a significant independent risk factor associated with anxiety. Stigma was also a significant independent risk factor associated with depression. Goal reengagement was a significant and independent factor associated with positive affect. The findings suggest clinicians could improve the emotional well-being of their patients with Overt POI by: (a) informing them better about their condition, (b) educating to help them to feel less stigmatized by the disorder, and (c) assisting them in developing realistic goals with regard to family planning as well as other goals.

Social support is an important factor in quality of life. A prospective and controlled study demonstrated women who have Overt POI perceive less social support and greater stigma than control women (Orshan et al., 2009). Patients who perceived more social support in their life also had greater self-esteem. Marital status, whether or not the woman had children, or how long ago the diagnosis was established did not affect these findings. Overt POI is a life-altering diagnosis and strategies to improve social support and self-esteem are important considerations in reducing the emotional suffering that accompanies Overt POI.

Another important issue involves coping with the diagnosis of Overt POI. What is the evidence about the coping strategies women who have Overt POI? How do they address the associated emotional sequelae and behavioral health effects of the disorder? The NIH conducted a longitudinal study to address these questions (Driscoll et al., 2016). Importantly, analysis of the data identified a single stand-alone coping strategy which explained the outcome in affect at the end of 1 year. Avoidance is a coping strategy in which the patient refuses to acknowledge stress. Avoidance explained the association between the baseline vulnerability and the degree of distress measured at 12 months. Coping by avoidance has been linked to poorer psychosocial adaptation according to a systematic review published in 2019 (Livneh, 2019). The use of avoidance coping is largely ineffective when confronting stressful life events and health-related conditions. Furthermore, the reliance on avoidance strategies have been linked to poorer adaptation in a wide range of disorders (Livneh, 2019). Interventional studies targeted to reduce avoidance in women who have Overt POI are indicated.

One specialized area of particular concern is the emotional and behavioral health of teens who get a diagnosis of Overt POI. This diagnosis is both emotionally difficult and confusing not only for young girls but also their families. Parents require assistance to help their daughters understand the diagnosis. They need guidance to help the child maintain healthy growth and development. One published report provides a starting point on this path for parents and clinicians. A handout has been published entitled “Tips and Tools for Talking: Helping Your Daughter Understand Primary Ovarian Insufficiency” (Covington et al., 2011). Importantly, commonly the diagnosis of POI is delayed in teens. There is an assumption in teens that irregular menses are common, and therefore not in need of investigation. A family systems approach is an important component to the management plan for teens and their parents. Such an approach must incorporate mental health support. Ideally, a teen with Overt POI should have patient-centered and integrated comprehensive approach provided by a primary care clinician. The primary care clinician needs support from a multidisciplinary team (Gordon et al., 2015).



OVARIAN FUNCTION

Despite having oligo/amenorrhea and menopausal level serum FSH levels, 73% of women with Overt POI, nevertheless, have ovarian follicles remaining in the ovary (Nelson et al., 1994; Hubayter et al., 2010). Overt POI is ovarian function which is intermittent and unpredictable and may persist for many years. Graafian follicles grow in response to the high FSH levels, yet their function is impaired by the high serum LH levels. The high LH levels induce inappropriate luteinization and thus prevent normal follicle function and ovulation. Weekly blood sampling and sonography in 65 women with confirmed Overt POI revealed 50% demonstrated ovarian follicle function as defined by a serum estradiol >183 pmol/L (50 pg/ml) during 4 months of observation (Nelson et al., 1994). Importantly, 16% of these women achieved an ovulatory serum progesterone level as defined by >9.5 nmol/L (3.0 ng/ml).

In a 1994 histologic study of ovarian follicle function, the NIH POI research team biopsied antral follicles in six women who had Overt POI. They demonstrated luteinized Graafian follicles in every case (six of six, 95% confidence limit 60%). Inappropriate luteinization of Graafian follicles is thus the major pathophysiological mechanism of follicle dysfunction in patients who have Overt POI (Figure 1) (Nelson et al., 1994). By sonography, the NIH team found antral follicles in over 40% of women (27 of 65). When an antral follicle was present serum estradiol was significantly greater (Nelson et al., 1994). The follicles were dysfunctional in these women, however. Women with Overt POI had poor correlation between follicle diameter and serum estradiol as compared to controls (Figure 2).
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FIGURE 1. (A) Luteinized follicle containing a structure suggestive of an ovum undergoing degeneration (hematoxylin and eosin stain; magnification, ×150). (B) Higher magnification of the putative ovum (hematoxylin and eosin stain; magnification, ×250). (C) Higher magnification of the same follicle showing luteinized cells characterized by their larger size, abundant eosinophilic cytoplasm, and prominent nucleus (hematoxylin and eosin stain; magnification, ×250).
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FIGURE 2. Serum estradiol correlated with maximum follicle diameter in normal women but not in women with Overt POI. (A) Each point represents the findings in 1 of 10 normal women with regular menses examined during the follicular phase. Two congruent points are noted by (2). (B) Each point represents the findings in a patient with overt POI who had an ovarian follicle detected by sonogram (37 sonograms in 27 patients). There are 8 congruent points (Nelson et al., 1994).


In 2010, the NIH POI research team also developed an ovarian stimulation test (OST). The aim was to assess ovarian follicle function in response to FSH stimulation in women confirmed to have spontaneous 46,XX Overt POI (Hubayter et al., 2010). The team employed a case-control study with a nested prospective cohort. They administered the OST to 97 women who had Overt POI and had taken no HRT for the prior 2 weeks. The control group was 42 regularly menstruating women who were in the mid-follicular phase of the menstrual cycle. The OST consisted of a single injection of 300 IU hrFSH and monitoring of the change in serum estradiol levels 24 h later. Antral follicles >3 mm was detected in 73% (69/95) of women with Overt POI. Maximum follicle diameter correlated significantly with both serum estradiol and progesterone levels. Patients who had a follicle with a maximum follicle diameter ≥8 mm had significantly lower FSH and LH levels. They also had significantly higher serum estradiol and progesterone levels. In women with Overt POI, the serum estradiol levels did not significantly increase after FSH administration despite the presence of an antral follicle ≥8 antral and mm. In contrast with control women, their serum estradiol levels increased significantly in response to FSH (Figure 3) (Hubayter et al., 2010).


[image: Figure 3]
FIGURE 3. Serum estradiol response to stimulation with 300 IU FSH. (A) Control women, women with Overt POI, and women with overt POI segregated by the absence or presence of an antral follicle 8 mm in diameter or greater (***P < 0.0001 vs. baseline). (B) Change in serum estradiol levels at 24 h.


The case reported herein is consistent with the following hypothesis: by employing the NIH P-HRT regimen to suppress LH levels in women who have Overt POI one could prevent follicle luteinization, restore follicle function, permit ovulation, and increase the chance of pregnancy. The evidence that 70% of women with Overt POI have antral follicles on ultrasound examination provides convincing evidence against the hypothesis that downregulation of FSH receptors is the mechanism of follicle dysfunction in these women. Interestingly, now two different lines of evidence come together to confirm the pathogenesis of follicle dysfunction in Overt POI. The two lines of evidence are (1) evidence of significant progesterone secretion by antral follicles ≥8 mm in women with Overt POI and (2) published evidence demonstrating histologically that follicle luteinization is the major mechanism of abnormal follicle function in this condition (Nelson et al., 1994). Prospective controlled investigation designed to prevent follicle luteinization and improve ovulatory function and fertility in these women who have Overt POI is clearly indicated.



PHYSIOLOGIC HORMONE REPLACEMENT THERAPY

The estradiol deficiency of Overt POI is directly related to the associated health complications. Unfortunately, 52% of patients with Overt POI either never begin P-HRT at diagnosis, begin P-HRT many years later, and/or stop using P-HRT use before age 45 (Hipp et al., 2016). Unfortunately, findings regarding detrimental effects reported in the Women's Health Initiative (WHI) trial inappropriately causes many clinicians to refrain from prescribing hormone therapy for young women with Overt POI (Sullivan et al., 2016). The WHI was a study of older postmenopausal women, not young women who have Overt POI. It showed multiple increased health risks with hormone therapy. These included increased risk breast cancer, stroke, and cardiovascular disease (Rossouw et al., 2002). This is unfortunate because the clinical situation markedly differs. The clinical situation in young women with Overt POI is indeed pathological (an abnormal state of estradiol deficiency compared with women of the same age). Menopause is a normal state for older women. In women with Overt POI, the term P-HRT accurately describes the clinical purpose. The prescribed hormones in this case replace the hormones that would normally be produced by young women (Sullivan et al., 2016). P-HRT is now considered standard of care for women with Overt POI (Committee Opinion No. 698: hormone therapy in primary ovarian insufficiency, 2017). It is generally recommended to continue P-HRT until age 50 (the average age when natural menopause occurs).

To test the hypothesis that P-HRT is an effective clinical approach, the NIH Intramural Research Program designed a prospective randomized controlled trial in young women who had Overt POI (Popat et al., 2014). The study lasted 3 years. The treatment employed physiologic estradiol replacement (transdermal estradiol 100 μg/day) and cyclic progestin (oral medroxyprogesterone 10 mg daily for 12 days/month). Importantly, this P-HRT resulted in lumbar spine and femoral neck BMD increasing significantly. In fact, by the end of the study, bone mineral density had increased to such a degree their BMD did not differ significantly from the control women who participated (Figure 4). Transdermal physiologic testosterone replacement provided no significant additional benefit to BMD (Popat et al., 2014). The NIH P-HRT regimen was well-tolerated by the study participants.
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FIGURE 4. (A) Mean (SEM) percentage change from screening in the femoral neck BMD. (B) Mean (SEM) percentage change from screening in the lumbar spine BMD (Popat et al., 2014).


The ideal would be to mimic normal ovarian function as a hormone replacement strategy. An artificial ovary could theoretically be designed to employ a vaginal ring. This could deliver a steady parenteral release to mimic endogenous ovarian hormone production similar to a normal menstrual cycle. The transdermal patch and the vaginal ring that deliver 0.10 mg of estradiol per day are a fundamental and elegant step in this line of thinking. The design mimics the daily ovarian production rate of estradiol to put average serum estradiol levels of in the range of 100 pg/ml. This matches the average estradiol level across the menstrual cycle of control women who have normal ovarian function (Mishell et al., 1971). Transdermal and transvaginal routes of administration avoid the first pass effect of the liver (which occurs with orally delivered estrogen) by delivering hormones directly into the blood (Canonico et al., 2008). A systematic review concluded oral estrogen increases the risk of venous thromboembolism as compared with estradiol delivered transdermally (Mohammed et al., 2015). Importantly, in postmenopausal women, the relative risk of stroke is greater with oral estrogen compared with transdermal estradiol (Renoux et al., 2010).

The NIH study on P-HRT employed medroxyprogesterone acetate as the progestin. The NIH POI multidisciplinary team of clinicians and scientists had concerns regarding the use of oral micronized progesterone. They found inadequate evidence in the literature to demonstrate effectiveness in protecting the endometrium when used with full replacement doses of estradiol. Also of significant consideration, medroxyprogesterone acetate given orally is protected from metabolism by the liver by the addition of a simple medroxy group to the pure progesterone molecule. This agent has been in use for decades and has a wonderful safety record. In considering the possible use of oral micronized progesterone as part of the regimen, the NIH multidisciplinary team had significant concerns regarding the large number of metabolites resulting from the first pass effect on the liver (Sullivan et al., 2016). Some women who develop Overt POI in their younger years will be taking P-HRT for decades. The potential longer-term adverse health effects of these progesterone metabolites after exposure for decades are completely unknown. Another concern is the potential for adverse effects of these multiple progesterone metabolites on fertility and the developing embryo.



FERTILITY

Pregnancy may occur in women who have POI in the absence of any medical intervention (Soave et al., 2013). The authors of a 2019 systematic review emphasized this important point, “To date no clinical test can determine the potential for conception in patients with POI.” (Fraison et al., 2019). Also, the authors warn clinicians to be prudent and not to be hasty in claiming absolute sterility when counseling women who have the diagnosis of Overt POI. The authors suggest an approach which encourages patients to take their time deciding about ova donation rather than rushing the decision. Some women are uncomfortable with ova donation and desire a chance to have a pregnancy with their endogenous ova. As in the case reported herein, many women who live with Overt POI do indeed wish to have this chance to conceive with their own ova before moving forward to egg donation (Fraison et al., 2019).

This 2019 systematic review assessed fertility in women who have Overt POI. The authors searched electronic databases for the years 2000 to 2018 (Fraison et al., 2019). They included 15 studies and found pregnancy rates from 2.2 to 14.2%. The average age of patients who got pregnant was 30 years. The authors report this evidence supports a conclusion that oocyte quality in women who have Overt POI is likely normal.

As noted above, many young women find the diagnosis of Overt POI emotionally devastating. Many find it difficult to grieve their infertility and employ the regrettable course of avoidance coping (Driscoll et al., 2016). This makes these women extremely vulnerable to misguided approaches to restore fertility, some quite expensive, emotionally draining, and not based on credible evidence. Some women will request treatment with agents to induce super ovulation despite having been informed of the minimal chance of success (Fraison et al., 2019). It is difficult to justify using ovarian stimulation protocols to improve fertility in this population. As noted above, results of two NIH prospective studies to assess ovarian follicle function in these women have demonstrated conclusively: follicles in women who have Overt POI are not capable of responding to FSH stimulation due to their luteinized state (Nelson et al., 1994; Hubayter et al., 2010).

The case presented herein raises an important question. How to proceed to optimize fertility in the face of Overt POI for those women and partners who do not pursue oocyte donation as a solution to their infertility? Many women and their partners find it very difficult to accept the idea of not passing their DNA on to their child. This is a bridge too far for some women and partners. Most donor oocyte programs offer pretreatment counseling to optimize the mental health of the child and family. Some will decide against using donor oocytes. In addition, ova donation is not always readily available. Many countries do not permit ova donation. Other countries do not permit payment to prospective donors, which severely limits availability of this approach. Importantly, questions still remain about the mental health of donor-conceived offspring. It is likely that many parents do no inform their donor conceived children about their origin (Bracewell-Milnes et al., 2018; Fraison et al., 2019).

As in any preconception situation, planning and preparing for pregnancy are important even if the chances of conceiving are limited. A visit to the care team is in order to: (1) assess any other medical conditions; (2) review medications; (3) review vaccinations; (4) review family history; (5) begin taking folic acid 400 μg/day; (6) stop smoking and exposure to any toxic substances; (7) establish a healthy weight and lifestyle; (8) get help with exposure to any violence; and (9) get mentally healthy (Stephenson et al., 2018).

“A sharper focus on intervention before conception is needed to improve maternal and child health and reduce the growing burden of non-communicable disease. Alongside continued efforts to reduce smoking, alcohol and obesity in the population, we call for heightened awareness of preconception health, particularly regarding diet and nutrition. Importantly health professionals should be alerted to ways of identifying women who are planning a pregnancy” (Stephenson et al., 2018).

Published research has demonstrated the important role illness uncertainty plays as an independent contributor to anxiety in women who have Overt POI (Davis et al., 2010). Diabetes self-management education helps people with diabetes incorporate knowledge and navigate treatment decisions as well as establish new and healthier activities known to improve health outcomes (Powers et al., 2016; Chester et al., 2018). This case report demonstrates there is a similar need to develop certified POI Health Coach Educators (Jordan et al., 2015). Women who have Overt POI would benefit from a source of comprehensive guidance which is based on evidence.

Also, there is a need to maintain bone health while attempting conception. The best evidence supports the use of the NIH P-HRT regimen in this regard (Popat et al., 2014). As noted above, taking the NIH P-HRT regimen is known to permit pregnancy to occur (Nelson, 2009). Published expert opinion recommends women who desire to conceive take the following approach: (1) Keep a menstrual calendar while taking the NIH P-HRT regimen. (2) To assure sperm are always present in the event of an unpredictable ovulation have intercourse two or three times a week. (3) Take a pregnancy test if the menstrual period is late. (4) Notify the clinical team about the pregnancy and stop taking the P-HRT. (5) Allow time for conception to occur (up to 3 years in view of the reduced fecundity). (6) While attempting to conceive, make plans for the future in the event no birth takes place (Nelson, 2009).

Finally, as noted, there is no published evidence to support the use of any strategy to monitor follicle development or intervene with any treatment to increase pregnancy rates in women who have Overt POI (Fraison et al., 2019). However, there are specific situations in which monitoring and intervention may be indicated. For example, timing of ovulation becomes critical in the case of severe male factor parameters necessitating donor sperm. Similarly, for some couples having sexual intercourse 2 or 3 times a week is quite difficult. Infertility is known to be associated with a high incidence of sexual dysfunction in general (Riazi et al., 2020). Specifically, as compared with controls, women who have Overt POI, despite taking physiologic estradiol replacement score significantly lower on a validated sexual function scale (Kalantaridou et al., 2008). Presently, there are many options for women to employ in an attempt to time ovulation (Owen, 2013; Su et al., 2017). Cervical mucus monitoring deserves evaluation as a simple, free, readily available method which is supported by published evidence to improve pregnancy rates in the general population (Evans-Hoeker et al., 2013). None of these methods have been proven to be effective in women who have Overt POI. There is a need for prospective study to generate validated protocols for predicting ovulation in these women. Such a protocol might improve pregnancy rates by permitting timing of intercourse, donor insemination, intrauterine insemination, natural cycle in vitro fertilization (IVF), or intracytoplasmic sperm injection (ICSI) (Farquhar and Marjoribanks, 2018).



SOCIAL MEDIA

POI is a rare disorder. For those affected, finding reliable information on rare diseases is a major challenge. Limited data is available regarding the use of information sources for various rare diseases, or how the usefulness of the information is evaluated by patients and their families (Litzkendorf et al., 2020). One qualitative study reported patients with various rare diseases and their close relatives considered the internet as the most important and widespread information source. They considered searching online an expedient and practical manner for gathering information. Online information sometimes was insufficiently detailed to satisfy their needs.

Self-help associations and specialized clinicians help in filling the information gaps (Litzkendorf et al., 2020). Facebook is used commonly as a source of health-related information. However, social media involves the risk of getting misinformation and the risk of sharing of confidential health information. One online cross-sectional study surveyed patients with psoriasis to determine the relevance and suitability of Facebook as a source of disease-related information (Schuster et al., 2020). The study found Facebook helped them cope with psoriasis to a degree, but a majority (60%) reported finding unreliable information regarding the disorder. The authors concluded Facebook is a relevant source of health information for patients who have psoriasis. However, the quality of information was deemed inadequate and is an area in need of improvement (Schuster et al., 2020).

There is a need to improve the quality of information about POI on Facebook. One specific closed group with over 1,500 members has a Facebook page working toward this goal. The group, My Family Cares About Primary Ovarian Insufficiency and Early Menopause, has been developed and maintained by the Conover Foundation (My Family Cares about Primary Ovarian Insufficiency and Early Menopause, n.d.). The page provides a health coach serving as a POI Clinical Navigator as well as an experienced physician/scientist to curate the page. The physician/scientist has 30 years of experience working with women who have dealt with the difficult life transitions which come with a diagnosis of POI/EM. The goal of the group is to maintain coherent discussion threads, provide peer-reviewed resources, and assure information shared is based on the best available medical evidence. On this Facebook page, women can read stories of international women expressing views regarding their experiences with POI/EM. They are able to share stories about getting the diagnosis, symptoms they have experienced, mention long-term health effects, describe treatments, report experiences with health services and health practitioners, and express their assessment regarding the impact POI/EM has had in their life and in their personal relationships. These are just a few aspects of the information women can find there. The page provides links to a comprehensive range of resources. When needed, the page offers a more personalized approach using videoconference to connect, educate, and coach clients with the help of a trained POI clinical navigator.



GENETIC CAUSES

Recent evidence has increased dramatically the number of candidate loci for POI (Huhtaniemi et al., 2018; Bestetti et al., 2019). Several new candidate genes account for mechanisms of DNA replication and repair. The systematic use of the Next-Generation Sequencing (NGS) approach with targeted exome sequencing has revealed frequent oligogenic involvement, mainly in cases with earlier onset of POI (Rossetti et al., 2017, in press; Cattoni et al., 2020).


Turner Syndrome X Chromosome Defects

Both X-linked and autosomal genes are involved in POI. Some are part of a syndrome and some lead to isolated POI (Rossetti et al., 2017). Both familial and sporadic forms of POI are associated with X chromosome abnormalities. Turner syndrome, Turner mosaic, triple X syndrome, partial X deletions, isochromosomes, and translocations between X chromosome and autosomes are well-known examples (Goswami et al., 2003; Toniolo, 2006). Either complete or partial loss of one X chromosome may result in Turner syndrome. The Turner syndrome phenotype includes POI, short stature, and various somatic abnormalities. Turner syndrome has an incidence of about 1:2,500 live female births (Rossetti et al., 2017).



Fragile X-Associated Primary Ovarian Insufficiency (FMR1)

Premutation in FMR1 is an established genetic cause of Overt POI, termed fragile X-associated primary ovarian insufficiency (FXPOI) (Sherman, 2000). Impaired fertility is an important complication of FXPOI (Allen et al., 2007; Streuli et al., 2009). A premutation in FMRI is found in about 11% of women who have a family member with POI and in about 3.2% of women who have isolated POI (Sherman et al., 2007). A premutation is defined as 55–199 expanded CGG repeats located in the 5′ untranslated region (UTR) of the X-linked gene, FMR1. About 1/300 women carry a premutation (Hunter et al., 2014). Of women who have a premutation, overt FXPOI occurs in about 20% (Sherman, 2000; Sullivan et al., 2005; De Caro et al., 2008).

There are three risk factors associated with the development of FXPOI. Firstly, CGG repeat size has a non-linear relationship with the risk for FXPOI (Spath et al., 2011). The risk for FXPOI is about 10% for women with 55–79 repeats, 32% for women with 80–100 repeats, and 16% for women with more than 100 repeats (Allen et al., 2007). Earlier onset of the disorder is associated with women who have 80–100 repeats, in some cases even during adolescence (De Caro et al., 2008). Secondly, the risk of the disorder increases if there is a family history of early menopause (Spath et al., 2011). This indicates there are background genetic variants which contribute to the risk. Smokers have an earlier menopause, and there is a similarity in women who have a premutation (Allen et al., 2007).

For woman carrying a premutation, genetic counseling is essential. They are at risk of having a child with fragile X syndrome in addition to the risk of FXPOI and its clinical consequences. There is also risk for fragile X-associated tremor/ataxia syndrome (FXTAS), which is a neurodegenerative disorder developing at approximately age 60 (Hagerman et al., 2001; Hawkins and Matzuk, 2008; Harris et al., 2016). Women have a lifetime prevalence of FXTAS of 6–18% (Wheeler et al. 2014).

Basic science as well as clinical evidence suggest a novel mechanism for FXPOI. Little is known regarding the ovarian histopathology in women with FXPOI. One study with a small number of cases showed ovarian histology and follicle number similar to controls (Chang et al., 2011). Therefore, the mechanism of FXPOI appears to be one of follicle dysfunction rather than depletion. Similar findings have been reported in mouse models of FXPOI. Mice carrying an FMR1 premutation were reported to have a normal complement of primordial follicles (Conca Dioguardi et al., 2016). Thus, FXPOI seems likely to be a disorder of impaired follicle function.

In one case report, a young woman who had FXPOI conceived without medical intervention while on the NIH P-HRT regimen (Fink et al., 2018). She terminated the pregnancy as prenatal genetic testing showed a full mutation in FMR1 in the fetus. After that, she conceived two more pregnancies without medical intervention while on the same P-HRT regimen, one in 2013 and one in 2016. Both pregnancies and deliveries were unremarkable. Despite her history of having had two prior pregnancies after the diagnosis of FXPOI, a physician at an IVF clinic suggested she proceed to egg donation and quoted a current chance of conception of <0.1%. This remarkable report about fertility in FXPOI while on the NIH P-HRT regimen suggests a need for more research into this approach to optimize fertility in women who have FXPOI, especially in view of the above evidence supporting follicle dysfunction rather than low number of follicles as the mechanism.



Autoimmune Polyendocrinopathy Syndrome Type I

Autoimmune polyendocrinopathy syndrome type I (APS1), made manifest by mutations in the autoimmune regulator gene (AIRE, MIM *607358), is a syndrome confirmed by the presence of two of these important clinical disorders: Addison's disease (AD), hypoparathyroidism, and chronic mucocutaneous candidiasis. Generally, AD usually presents as a child or young adult. The syndrome may be associated with primary hypogonadism, pernicious anemia, alopecia, malabsorption, or chronic active hepatitis (Rossetti et al., 2017).



Gonadotropin Receptors FSH and LH (FSHR, LHCGR)

FSH and LH receptors belong to the G-protein-coupled receptors (GPCRs) family. These receptors regulate reproductive hormone signaling by interacting with FSH and LH in both men and women. Loss-of-function mutations in these receptors result in resistance to gonadotropin stimulation and present with hypogonadotropic hypogonadism (Themmen and Huhtaniemi, 2000).



Blepharophimosis, Ptosis, Epicanthus Inversus Syndrome

Blepharophimosis, ptosis, epicanthus inversus syndrome (BPES) is an eyelid malformation characterized by BPES and telecanthus. The condition is autosomal dominant. BPES is considered type I when present in association with POI. Type II BPES is not associated with POI. Forkhead transcription factor L2 (FOXL2, MIM *605597) mutations are associated with BPES (Crisponi et al., 2001).



Galactosemia (GALT)

The normal ovary requires normal galactose metabolism. In galactosemia, galactose metabolism is abnormal due to a deficiency of the enzyme galactose-1-phosphatase uridyltransferase (GALT). The estimated incidence in Europe and North America is 1:30,000–1:50,000 (Rubio-Gozalbo et al., 2010). Organs with high GALT activity such as the ovary, liver, kidney, and heart are prone to the worst malfunction. Most women (80–90%) with GALT mutations which are homozygous, show a severe phenotype and exhibit POI (Rubio-Gozalbo et al., 2010).



Pseudo-Hypoparathyroidism Type 1a

Although pseudo-hypoparathyroidism type 1a (PHP1a, MIM #103580) is a renal resistance to parathyroid hormone (PTH), causing hypocalcemia and hyperphosphatemia, the disorder is in fact characterized by resistance to other hormones to include gonadotropins. Thus, delayed or incomplete gonadal function with associated amenorrhea, oligomenorrhea, or infertility is commonly part of the clinical disorder (Mantovani and Spada, 2006). Resistance to other hormones such as thyroid-stimulating hormone (TSH) or growth-hormone-releasing hormone (GHRH) may be present. The clinical disorder known as Albright hereditary osteodystrophy is part of the syndrome.



Progressive External Ophthalmoplegia (POLG)

The POLG gene encodes the enzyme that synthesizes mitochondrial DNA and corrects errors. Dysfunction in this gene results in a severe progressive multisystem disorder. The disorder includes parkinsonian symptoms as well as POI. These are not typical of mitochondrial disease (Luoma et al., 2004; Pagnamenta et al., 2006).



Ovarioleukodystrophies

By definition, ovarioleukodystrophies are genetic disorders in which POI is associated with neurological disorders characterized by abnormalities in the white matter of the central nervous system (Mathis et al., 2008).



Ataxia Telangiectasia

Mutation in the ataxia telangiectasia gene (ATM) is associated with primordial germ cell development defects. This gene encodes a cell-cycle checkpoint kinase. The gene contributes to the cellular response to DNA damage and processes DNA strand breaks. These occur with meiosis, immune system maturation, and telomere maintenance (Kastan and Bartek, 2004).



Demirhan Syndrome (BMPR1B)

Demirhan syndrome is a subtype of chondrodysplasia associated with amenorrhea, hypogonadism, and genital anomalies. A mutation in BMPR1B causes the disorder. This gene encodes bone morphogenetic protein receptor 1B (Demirhan et al., 2005).



Bloom Syndrome (BLM)

Bloom syndrome is an autosomal recessive disorder that is rare. Mutations in the gene coding for the DNA helicase BLM cause the disorder. The gene encodes the DNA helicase BLM (MIM #604610). Mutations lead to genomic instability. The disorder involves hypogonadism in both sexes, short stature, moderate immunodeficiency, increased cancer rate, and distinctive skin rashes on sun-exposed areas (Arora et al., 2014).



Werner Syndrome (WRN)

Recessive mutations in the WRN gene cause Werner syndrome, a form of adult progeria. WRN encodes a DNA helicase. This is a form of adult progeria. The disorder is characterized by atrophic gonads, scleroderma-like skin, cataracts, increased cancer rate, and premature arteriosclerosis (Rossi et al., 2010).



GAPO Syndrome (ANTXR1)

GAPO is a syndrome of premature aging associated with POI. It is characterized by distinctive facial features, optic atrophy, growth retardation, alopecia, and optic atrophy. Ovarian histology reveals extensive deposition of hyaline extracellular material and depletion of ovarian follicles (Benetti-Pinto et al., 2016). GAPO is caused by recessive mutations in a gene involved in cell adhesion and migration, ANTXR1.



Bone Morphogenetic Protein 15

Bone morphogenetic protein 15 (BMP15) (MIM *300247) is a growth/differentiation factor specific to oocytes. The factor is involved in many cellular processes, including follicular development (Persani et al., 2011). The condition may present as either primary or secondary amenorrhea. Mutations in this gene account for the mechanism of POI in about 1.5–15% of cases (Persani et al., 2014).




MOVING FORWARD

POI is best managed by integrated personal care to address the spectrum of these women's clinical needs. Social media combined with a digital and centralized approach to health managed by an experienced team promises to improve this situation. Insights into molecular pathogenetic mechanisms are needed to permit prevention and early diagnosis. Most cases of spontaneous primary ovarian insufficiency are idiopathic. As a rare disease, POI diagnosis presents difficult problems in management. A strategy to improve care and facilitate research is needed. A comprehensive approach for managing POI is long overdue. A Clinical POI Navigator could be a valuable addition to improving the quality of care for these women and optimizing their overall health and fertility. A properly managed cloud-based system could connect women with POI, a POI navigator, primary care providers, and investigators who have the requisite knowledge and expertise (Martin et al., 2017).

In sum, there is a need for a new approach to POI (Cooper et al., 2011). There are major gaps in knowledge regarding this disorder's medical and psychosocial management, psychosocial effects, and natural history. An international disease registry and research consortium formed under an umbrella organization's guidance would provide a pathway to increase basic and clinical knowledge about the condition. Such a consortium and patient registry would also provide clinical samples and clinical data to define the disorder's specific mechanisms further. The effort would combine a patient registry and a community-based participatory research structure. The systematic application of a comprehensive NGS panel for genetic diagnoses may permit early diagnosis in young women who come from a family at higher risk of POI. This would facilitate fertility preservation for women identified as at high risk for POI.



SUMMARY AND CONCLUSIONS

Overt POI presents with oligo/amenorrhea and estradiol deficiency symptoms. Laboratory investigation reveals hypergonadotropic hypogonadism. The condition is a chronic disorder with increased morbidity and long-term mortality related to the reduced bone mineral density and increased risk of cardiovascular disease related to estradiol deficiency. The associated infertility is life altering. Here, we report the case of a young woman with Overt POI who had a successful pregnancy. She conceived on the eighth cycle of monitoring follicle development while taking the NIH P-HRT to reduce serum LH levels. There is a need for increased awareness regarding the fertility potential of women who have POI. The pathophysiology of follicle dysfunction has been defined as inappropriate luteinization of Graafian follicles. P-HRT has been demonstrated to lower LH levels in these women and would be expected to improve ovulation rates, as demonstrated in this case report.
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