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ABSTRACT 

The ovaries affect far more than reproductive health. Estrogen affects cardiovascular, skeletal, mental health, and numerous other aspects of wellness. Additionally, ovarian dysfunction can reflect disequilibrium relating to multiple conditions. Efficient and effective ovarian testing can give women valuable answers about their fertility, time to menopause, and other conditions and symptoms they may face. Though no test is perfect, antral follicle count (AFC) and anti- Müllerian hormone (AMH) provide more sensitive and specific results that allow for the continuum of ovarian function, and have advantages over classic tests such as follicle stimulating hormone (FSH), estradiol, the clomiphene citrate challenge test (CCCT), and others. This chapter explores these and additional ovarian assays, their underlying mechanisms, and limitations that may favor one test over another depending on circumstances. Particular emphasis is given to evaluating perimenopausal status, procreation, and etiologies for amenorrhea.

INTRODUCTION


Ovarian endocrinology is dynamic. Years of quiescence are followed by oscillating secretion until near burnout, but some function remains even after menopause. “Ovarian reserve testing” assesses where the ovaries are within this spectrum. These measures seem to most clearly relate to oocyte quantity, as multiple other factors (especially age) meaningfully affect oocyte quality and fecundability. However, quantity and quality are not completely independent, as abnormal ovarian reserve testing has been linked to increased blastocyst aneuploidy (1).

This chapter will characterize the main biochemical and sonographic approaches used in both classic and modern testing. Moreover, an assay, like any tool, has value relative to the task to which it is applied. Accordingly, this chapter will also discuss application of ovarian reserve tests to several common areas: assessing perimenopausal status, evaluating ovarian reserve for fertility, and addressing primary and secondary amenorrhea. Use of these markers in assessing the male is covered elsewhere (https://www.endotext.org/chapter/laboratory-assessment-of-testicular-function). 

Because consensus can be difficult, the following summaries reflect trends, though different perspectives exist and the literature continues to evolve. Existing research on ovarian reserve testing is often confusing because of heterogeneity among tested populations (the general population, infertility patients of all ages, infertility patients more than 35 years old, etc., see also data from the Society for Assisted Reproductive Technology (SART), Figure 1, (2)). Additionally, one must always keep in mind that as with all screening tests, no single result is definitive, since findings must be interpreted in context and should be repeated or supplemented as appropriate.
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Figure 1. The relative effect of age on fecundity through in vitro fertilization (IVF) in 2020 according to the Society for Assisted Reproductive Technology (SART) (2).
MARKERS OF OVARIAN RESERVE 

Follicle Stimulating Hormone (FSH)

MECHANISM  

FSH was the first hormone directly linked to ovarian aging (3). It is secreted by the anterior pituitary and promotes the progression of antral follicles into dominant follicles. Feedback from estrogen, inhibin, and activin influence hypothalamic GnRH pulsatility, which determines pituitary FSH expression. Elevated FSH levels can be seen with dwindling reserve, where a greater FSH stimulus is required to drive folliculogenesis, but elevated levels also can be found in normal ovarian reserve if measured at the time of the LH surge. Low FSH levels are seen prior to puberty or with hypogonadotropic hypogonadism. In addition to medical conditions that shift pituitary FSH expression, exogenous hormones and their modulators (clomiphene, letrozole, etc.), cimetidine, phenothiazines, and other medications can also shift levels.

TESTING 

Many non-FSH substrates can induce an FSH-like effect. Without describing in detail the spectrum of FSH assays that bypass this challenge, for which an excellent review is available (4), in the clinical setting FSH is typically measured by immunoassay. The sample is usually acquired by phlebotomy (24-hour urine collections are rarely used) on menstrual cycle day three for ovulatory patients, with day one being the first full day of flow. 

Testing on cycle days two, four, or five is not unreasonable, but if a normal result would prompt retesting, a day three measurement or a different assay is preferred. Multiple cutoffs are used, with FSH levels of >16.7, >11.4, and <10 mIU/mL reflecting high, moderately high, and normal levels based on the World Health Organization (WHO) Second International Standard (5). 

Because ovarian reserve is on a continuum, any cutoff selected should relate to goals of balancing positive and negative predictive values, and this is an issue that applies to other measures of ovarian reserve as well. In amenorrheic patients, a random sample is preferred to testing after hormonally induced menses. In the setting of amenorrhea, a concurrent progesterone level (<2 ng/mL) is a reasonable control to ensure that one is in the follicular phase. 

LIMITATIONS 

Interpersonal and intercycle variation can be meaningful in patients at risk for moderately elevated FSH, which is why it has been called “Fluctuating Severely Hormone.” The problems with FSH’s sensitivity in part stem from it being a late marker of dwindling ovarian function, as summarized in Stages of Reproductive Aging Workshop + 10 conclusions (6). This limited predictive value is reflected in the NHANES III data, which showed 75% of women aged 40 to 44 years having normal levels at less than 10 mIU/mL, even though ovarian function is typically the rate limiting step at this age, and half of women aged 45 to 49 years had levels less than 11 mIU/mL (7). Sensitivity for FSH is often worse than specificity, with findings ranging from 11-86% and 45-100%, respectively (8). With anti-muellerian hormone (AMH) and antral follicle count (AFC) demonstrating better predictive value for ovarian response than FSH, these are more likely to be the tests of choice (9). Accordingly, relative to emerging alternatives, FSH testing increasingly is seen as less valuable than it used to be for procreative testing and more useful for evaluating perimenopausal status, hypergonadotropic and hypogonadotropic hypogonadism, and central precocious puberty. 

Estradiol

MECHANISM  

As with FSH, estradiol levels vacillate over the course of a menstrual cycle, peaking in both the late follicular and mid luteal phases. As ovarian reserve declines, the follicular phase shortens because of decreasing feedback inhibition by follicles recruited during the previous cycle. (This is why the first clinical sign of decreasing ovarian reserve is shortening menstrual cycle length.) With the follicular phase starting earlier, estradiol levels start rising closer to menses (and the classic day three FSH peak actually can occur prior to menses). As a result, an elevated day three estradiol level could reflect diminishing ovarian reserve. 

Elevated estradiol (>60-80 pg/mL) may also lead to an artificially normal FSH, where higher estradiol levels lead to feedback suppression of FSH. Conversely, estradiol levels <20 pg/mL on day three depending on the circumstances can be consistent with normal ovarian function, hypogonadotropic hypogonadism, or ovarian failure.

TESTING 

Estradiol is also typically measured by immunoassay after phlebotomy. The sample is usually drawn at the same time as FSH levels or randomly when assessing amenorrhea. Estrone, the primary postmenopausal estrogen, and estriol, the primary pregnancy estrogen, are not typically tested when evaluating ovarian function. Also, because oral estrogens are typically metabolized into many byproducts (with varying activity), serum estradiol levels often won’t reflect exogenous exposure. (However, transdermal estrogen administration can be monitored through serum levels.) Medical conditions, glucocorticoids, sex steroids, clomiphene, letrozole, GnRH agonists and antagonists, and other medications can alter estradiol levels, just as they could shift FSH levels.

LIMITATIONS

For many conditions, an estradiol level is a reasonable proxy for ovarian inactivity. However, for assessing decreasing ovarian reserve, estradiol is neither a sensitive nor specific assay (9). Accordingly, when used for measuring ovarian reserve, estradiol has its greatest value as an internal control to ensure that one is testing at the expected portion of the menstrual cycle (Figure 2). 
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Figure 2. Ovarian, hormonal, and endometrial changes over the menstrual cycle. Adapted from Hall, et al., Hypothalamic gonadotropin-releasing hormone secretion and follicle-stimulating hormone dynamics during the luteal follicular transition (10).

Clomiphene Citrate Challenge Test (CCCT)

MECHANISM  

The clomiphene citrate challenge test combines measurement of FSH and estradiol levels prior to clomiphene exposure and FSH levels after clomiphene exposure. Clomiphene is a selective estrogen receptor modulator (SERM) that inhibits negative feedback inhibition by estradiol on the hypothalamus. Normally, increased estrogen levels decrease GnRH pulsatility, resulting in lower FSH levels through negative feedback. By using clomiphene to block feedback inhibition by estradiol, there is an increase in FSH, which enhances follicular recruitment, and which is why clomiphene can be used for ovulation induction and superovulation.

TESTING

FSH and estradiol levels are assessed through immunoassay, as previously described. The CCCT is performed by having an FSH level drawn on the third day of the menstrual cycle, taking 100 mg of clomiphene orally cycle days five to nine, and then repeating the FSH level on cycle day number ten (11, 12). An estradiol level is also frequently drawn on the third day and sometimes on the tenth day as well. 

LIMITATIONS

When assessing ovarian reserve for fertility, FSH is a limited measure of ovarian response and a poor predictor of pregnancy and estradiol is predictive of neither (9). When combining the two through the CCCT, it is difficult to assess the degree of benefit through receiver operator curves (9). If benefit is unclear, cost-effectiveness is even less so. Accordingly, other measures of ovarian reserve are increasingly used instead of the CCCT, although this assay is still more commonly used than other provocative tests, such as the exogenous FSH ovarian reserve test (EFORT) and the GnRH agonist stimulation test (GAST). The CCCT has particularly suboptimal value in anovulatory patients. The reason is that the CCCT is primarily used to help discriminate normal ovarian reserve from poor reserve in patients with potentially borderline function. However, the typical anovulatory patient tends to have robust reserve (PCOS, hypogonadotropic hypogonadism) or poor reserve (primary ovarian insufficiency), so relative to alternative assays, a test designed to elicit subtleties is typically less important in this population.

Antral Follicle Count (AFC)

MECHANISM 

Follicular recruitment is in constant flux during the reproductive years, with less than 0.1% of oogonia present at birth ever making it to ovulation. Fluid surrounding numerous oocytes not selected to be the dominant follicle can be seen sonographically prior to regression. The more follicles visualized within the ovary, the greater the probable ovarian reserve, and AFC has been shown to correlate closely with the primordial follicular pool on histologic analysis. (13, 14). Though it remains for debate as to how much a dwindling follicular pool reflects oocyte quality as well as quantity, women with infertility are more likely to have lower antral follicle counts than those without infertility (15). Similarly, women with low antral follicle counts are much more likely to have cancellation for under response with IVF than those with normal counts (16). However, though low quantity in younger women may reflect fewer oocytes with which blastocysts can form, it does not clearly seem associated with higher rates of aneuploidy or miscarriage (17).
TESTING

Antral follicle count can be measured at any time during the menstrual cycle, as well as when a woman is on hormonal contraceptives or is pregnant. Classically, a woman’s AFC is the total number of ovarian follicles measuring between two and nine millimeters, though many studies count follicles up to and including ten millimeters in size (Figure 3).
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Figure 3. Ovarian sonographic imaging of women in their mid-30’s. Figure 3A is from a woman with premature ovarian failure and there are no visualized antral follicles (the sonographically anechoic regions measuring approximately two to nine millimeters within the ovary). Figure 3B is from a woman with tubal factor infertility, and for whom seeing a few follicles within a single plane of the ovary would be normal. Figure 3C is from a woman with polycystic ovarian syndrome. Though her ovary is arguably more multicystic than polycystic (which would typically have follicles concentrated on the periphery of the ovary), she met the criteria for PCOS and her ovary is clearly distinct from those shown in 3A and 3B. Of note, all three ultimately conceived with their own oocytes, so it should be remembered that the absence of visualized antral follicles makes conception far less probable, but not impossible.


Multiple cutoffs are used for what constitutes normal and poor ovarian reserve. Given that antral follicle count varies among cycles, it is reasonable to view the AFC as a continuum, with four total antral follicles reflecting limited reserve, but five antral follicles not being entirely reassuring. Additionally, what constitutes normal is age dependent, where ten total antral follicles may be common for women in their 30’s, but not their teens. Though many measures have been used to define polycystic ovarian morphology, the most accepted standard is that used in the Rotterdam criteria of, “12 or more follicles in each ovary measuring 2 to 9 mm in diameter, and/or increased ovarian volume (>10 ml).” This cutoff was chosen, as it was associated with 75% sensitivity and 98% specificity for distinguishing polycystic ovarian morphology (PCOM) from normal ovaries (18). Another frequently used definition comes from Adams, who considered an ovary polycystic if there were ≥ 10 follicles measuring <9 mm (19). Of note, in the development of guidelines for the WHO on PCOS, sonography was deemed preferable to AMH levels from a pragmatic standpoint. (20)

LIMITATIONS 

There is debate as to how much moving outside of the early follicular phase or hormonal modulation such as pregnancy and oral contraceptives will shift the measurement of antral follicle count. Both central and paracrine effects can occur and these are more likely to be meaningful in patients with suboptimal ovarian reserve. However, patients with reassuring ovarian reserve are unlikely to move into a non-reassuring category through these conditions if the ultrasound resolution allows for early antral follicle visualization and measurement.

Patient dependent and observer dependent limitations should also be considered. Patients with elevated BMI (particularly with increased vaginal adiposity) and/or scarring of the pelvis may be more likely to have ovaries with limited resolution for assessment, which could potentially underestimate ovarian reserve. Similarly, large cysts or endometriomas could exert a temporary paracrine effect underestimating reserve. Patients with previous ovarian surgery could also have inclusion cysts appearing similar to antral follicles, but these won’t develop with stimulation or have oocytes at follicular aspiration for IVF. For observer dependent limitations, it should be noted that in some multi-center studies where anti-Müllerian hormone (AMH) is found superior to antral follicle count, one can find most institutions having AMH and AFC equally predictive, but one site has an observer where there is a meaningful difference. This has led some to conclude AMH superior to AFC, but failure to properly train observers prior to research is a limitation to study design and may not necessarily reflect true diminished value in utilizing AFC for assessing ovarian reserve. ASRM 2022 Practice Committee Guidelines note, “When performed in an experienced center, AFC is a reasonable alternative to AMH” (29).

Anti-Müllerian Hormone (AMH, Müllerian Inhibiting Substance, MIS)

MECHANISM

AMH is a homodimeric glycopeptide that in reproductive aged women is predominantly granulosa cell derived. The role of systemic AMH is not clear, but at the level of the ovary, it is believed to downregulate FSH mediated folliculogenesis. AMH expression is highest in secondary, preantral, and small antral follicles up until approximately 4 mm in size, and it stops being expressed by granulosa cells when the follicle measures in the 4 to 8 mm range (Figure 4).
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Figure 4. The interplay of follicular development and hormonal secretion and responsiveness.

AMH seems to have a role in selecting the dominant follicle in addition to generally mediating preantral follicular recruitment. AMH levels start undergoing a log-linear decline approximately fifteen years prior to menopause and drop to very low levels approximately five years before menopause (21).

The AMH level associated with diminished ovarian reserve is assay specific and depends on the desired balance of sensitivity and specificity, but is typically below 1 ng/mL. The threshold for menopause is typically lower than the lower detectable limit for many assays, being slightly below 0.1 ng/mL (22). AMH <0.5 ng/mL seems associated with fewer than three follicles available at retrieval, 0.5-1 ng/mL with reduced response, 1-3.5 ng/mL with normal response, and >3.5 ng/mL with overresponse, reflecting greater risk for ovarian hyperstimulation syndrome (23). Normal AMH values often exceed 2 ng/mL at 30, 1.5 ng/mL at 35, and 1 ng/mL at 40 as a quick reference for expected reserve at a given age.

The role of weight loss on AMH levels is open for debate, but should be substratified in women with and without PCOS. (51) Though a lack of association cannot be excluded due to limitations in sample size, there does not seem to be a clear shift in AMH with weight loss for non-PCOS patients. However, for those with elevated AMH from PCOS that has been effectively treated through diet, exercise, and/or bariatric surgery, there is improved fertility, even as AMH lowers to more normal levels. (51) It is unclear which signal transduction pathways drive these lower levels, as one would expect weight loss-associated shifts in adiponectin, leptin, and insulin to actually increase AMH through recognized mechanisms. Lifestyle may have a broader impact beyond weight on ovarian reserve, as both AMH and AFC are statistically lower in women with lower socioeconomic status (56).

TESTING

AMH levels are measured through immunoassay on a sample obtained through phlebotomy. Values obtained have the distinct advantage of being equally valid at any point in the menstrual cycle. Because AMH is expressed primarily before FSH responsiveness occurs, it is believed that AMH remains a valid assay even when ovarian suppression occurs through smoking, oral contraceptives, GnRH agonists, and pregnancy (24). Though these factors can lead to transient ovarian suppression, they are unlikely to change levels so much as to meaningfully underestimate true reserve. The magnitude of effect through these reversible factors seems to be low, with age-specific AMH percentiles decreasing by 11% with oral contraceptives and 17% with pregnancy (25). Additionally, AMH levels drawn on day seven of the pill free interval seem to closely correlate with levels seen after oral contraceptive discontinuation (26).

A popular misconception is that just because it is valid to assess AMH throughout the 

menstrual cycle and under a variety of inhibitory conditions, this should not be mistaken as meaning that AMH levels are static. Though levels of AMH tend to be steady state in perimenopausal patients, for those with higher ovarian reserve, AMH levels fluctuate significantly. This fluctuation, however, is not to the point where a person with robust ovarian reserve is likely to be categorized as having limited reserve (21).

LIMITATIONS 

AMH seems to have fewer limitations than most other assays. In fact, it seems to have the advantage that it not only is useful in predicting ovarian response to gonadotropin stimulation, but may even have limited value in predicting pregnancy rates (27). However, like other ovarian reserve assays, it does not appear particularly valuable in predicting viability once pregnancy has already been established. When there is discordance between AFC and AMH levels (e.g., low AFC but normal AMH or vice versa), ovarian response is often a hybrid of the two findings (above those with diminished reserve but less than that of those with normal reserve) (28).

Inhibin B

MECHANISM 

Inhibin B is similar to AMH in that it is a glycoprotein secreted by preantral follicles, with levels declining with age. Both inhibin A and B downregulate pituitary FSH secretion. However, Inhibin A levels are not used to predict ovarian reserve because they arise primarily from the dominant follicle rather than an earlier follicular cohort and therefore are less predictive. Inhibin B levels are relatively more useful, but overall remain suboptimally predictive, as they are a late finding for diminished ovarian reserve and typically start falling around four years prior to menopause (21).

TESTING

Inhibin levels are measured by immunoassay after phlebotomy. Inhibin B levels fluctuate over the menstrual cycle, with peaks in the early to mid-follicular phase, as well as during ovulation. Accordingly, inhibin B is typically measured on the third day of the menstrual cycle in ovulatory women. Outside of ovarian reserve testing, in postmenopausal women, where inhibin B levels should be consistently low, a random level is particularly good for following granulosa cell tumors (>89% have elevated inhibin B) and also can be useful for following some epithelial cell ovarian tumors.

LIMITATIONS 

In addition to significant variation within the cycle, there is also meaningful variation among cycles. Because of limited sensitivity and specificity, this assay has greater value in those far more likely to have diminished reserve. Some have proposed using inhibin B in combination with other assays, but it is the opinion of the American Society for Reproductive Medicine that “combined ovarian reserve tests models do not consistently improve predictive ability over that of single ovarian reserve tests.” (29).

Ovarian Volume

MECHANISM

Follicles, stroma, and vasculature all contribute to ovarian volume. The percentage that each contributes depends on the individual, her age, underlying gynecologic conditions, and where she is during the menstrual cycle. 

TESTING

Typically, ultrasound is used to measure the ovary in all 3 dimensions. These measurements are then applied in the formula for calculating the volume of an ellipse (D1 x D2 x D3 x 0.523). An ovarian volume of >10 cm^3 is considered consistent with PCOS. Although increased ovarian stromal volume distinguishes polycystic ovarian morphology from the multicystic ovary, stromal volume is not routinely measured. Alternative approaches that may improve the effectiveness of ovarian volume include the use of trapezoidal volume (30), 3D ultrasound (31), and color Doppler (32). 

LIMITATIONS

Ovarian volume shifts in response to normal physiologic changes (such as the presence of a dominant follicle) and coexisting medical conditions (such as endometriomas). Exogenous hormones can decrease ovarian volume (33), even though ovarian reserve itself has not changed. For these reasons, if evaluating the ovaries by ultrasound, antral follicle count is believed to be a better proxy for ovarian reserve. 

APPLICATION OF OVARIAN RESERVE TESTS

Assessing Perimenopausal Status

Classically, ovarian insufficiency and failure have been defined as present when persistent FSH levels >40 µIU/mL are found with at least two radioimmunoassays more than a month apart. No detectable antral follicles in a patient without ovarian suppression is consistent with a perimenopausal state and fewer than two antral follicles has been deemed a more sensitive cutoff (29). The reason to not require the complete absence of follicles is that minimal follicular development is not unusual in postmenopausal women, as there can be a 14% prevalence and an 8% incidence of simple cysts in a given year (34). Similarly, though an undetectable AMH level would be consistent with menopause, in women with primary ovarian insufficiency, approximately a quarter of them will have below normal but detectable AMH levels and a sixth will have normal AMH levels (35). Though women with advancing age will have higher FSH levels, it remains unclear if women with elevated FSH earlier in their reproductive life will go through menopause earlier (36). Finally, it should be remembered that confirmation of primary ovarian insufficiency does not automatically mean completion of testing, as fragile X carrier screening and other evaluations may be appropriate. 

Evaluating Ovarian Reserve for Fertility in Ovulatory Patients

For ovarian reserve testing prior to fertility therapy, there is more data on FSH than other measures. Generally, women of the same age with higher FSH levels seem to have lower fecundability (37). However, younger women with elevated FSH levels often have much better fecundability than older women with comparably elevated FSH (38) and age can be a better predictor of outcome than FSH (39). Though differences in pregnancy rates can be shown between those with high and low FSH, the assay in general has suboptimal sensitivity for both ovarian response and pregnancy rates, as reflected by receiver-operator curves (9). 

A rarely addressed caveat is that though it is true that multiple studies are showing AMH and AFC to have a better balance of sensitivity and specificity than FSH, meta-analyses regarding the predictive value of FSH run the risk of being biased towards the null. The reason is that the earliest ovarian reserve testing research (using FSH) was done at a time when IVF success rates were lower. This caveat won’t apply to modern studies were FSH is directly compared with AMH or AFC, but one should account for temporal bias in meta-analyses if studies from the 1990s are included. One should also note, that 20% of the time there will be AMH and FSH discordance, particularly in older women where this can be as high as 33% (55).

Anti-Müllerian hormone levels and antral follicle count seem to be emerging as the best approaches to procreative testing. A survey of 796 centers noted 51% thought AMH the best measure for ovarian reserve, while 40% selected AFC, though ultimately 80% felt age was the best predictor for pregnancy (50). After accounting for age, AFC and AMH seem highly accurate in predicting poor response with IVF, while FSH does so only moderately (40). Not only are these measures commonly used for predicting under response, but they can also be used to predict hyperstimulation (41). Ovarian reserve assessment for reproductive purposes is fraught with controversy because different practitioners prefer different balances of sensitivity and specificity. At the minimum it should be recognized that this type of testing is meant to be screening for women who are more likely to have a poor response to ovarian stimulation, and findings are not necessarily diagnostic of ovarian failure or the degree of risk for premature menopause. However, results consistent with perimenopausal findings should be confirmed and appropriate counseling given. As stated by ASRM, “Extremely low AMH levels should not be used to refuse treatment in IVF” (29). The American College of Obstetricians and Gynecologists (ACOG) draws similar conclusions (42).

Since combined tests do not consistently improve the ability to predict ovarian response, many clinicians are simply using either AMH or AFC in the context of the patient’s age and reserve additional testing for atypical clinical pictures or to confirm significant ovarian insufficiency. In spite of this ASRM recommended approach, some argue that combined testing improves sensitivity in detecting suboptimal ovarian reserve. Whether or not the literature ultimately demonstrates this, a way of side-stepping this debate is by noting that combined testing is unlikely to be cost-effective. The reason is that if additional testing is unlikely to change management (especially when the vast majority of patients have normal results), it is very hard to show cost-effectiveness when doubling or tripling costs without clear benefit. Accordingly, if using combined testing, it should be selective rather than universal.

An additional note on ovarian reserve tests in procreation relates to their limitations. Though some appear better than others in predicting ovarian response to stimulation, most are limited at best in predicting pregnancy, and this predictive value is highly dependent on patient demographics within a study. This is not inherently a flaw in the assays; rather, infertility is often multifactorial, so when ovarian reserve testing is a subset of factors, this tends to bias its relevance towards the null. Studies showing an ovarian reserve test to be predictive of pregnancy in general tend to have older populations. (It has been argued as to whether this constitutes enrollment bias or limits external validity; however, it is reasonable to find a test having greater value when applied to a population at risk.) 

Another limitation is that abnormal ovarian reserve testing does not always increase miscarriage rates (43), despite an association between abnormal testing and blastocyst aneuploidy (1). Studies show roughly a 25% increase in the probability per embryo of being aneuploid in the setting of diminished ovarian reserve (52, 53). This may underestimate the magnitude of effect, as many aneuploid embryos may not survive to biopsy and evaluation. This is why one can see the bottom quartile having higher rates of all embryos being aneuploid (19.3% vs 10.3%) and of having only one embryo to biopsy (31% vs 11%) (52). Further muddying the waters, for a particular age, though women with diminished ovarian reserve may have quantity issues without this always translating to quality (euploidy), looking at the 5%-10% of patients with lowest reserve may give a different answer than looking at the bottom quartile. The better performers among the population with the lowest reserve may bias the data towards the null. This is why when comparing the cited Jaswa (53) and Fouks (52) articles, one sees a higher rate of aneuploidy in the Jaswa study (71% DOR vs 55% controls) relative to Fouks (50% bottom quartile vs 60% middle quartiles), as the Jaswa DOR group arguably had more pronounced diminished ovarian reserve. A study by Morin focused on those with the bottom 10% for ovarian reserve and noted a decline in quantity didn’t shift quality (54). However, the bottom decile had triple the rate of no usable blastocysts (17% vs 5.3%) and lower live birth rates (41.2% vs 53.1% per cycle start), where arguably successful pregnancy is the ultimate metric of quality. The Morin DOR population was meaningfully younger than the Jaswa population, so DOR associated with aging is likely to be more concerning than comparable ovarian reserve in younger women (53, 54).

To further complicate the quantity vs. quality debate, there can be heterogeneity, where some women with DOR have far lower quality than others. Finally, follicular quantity is more valuable in identifying ovarian factors for subfertility patients but does not seem predictive of outcomes in patients who have suboptimal reserve, but have never tried to conceive (44). 

Evaluating Amenorrhea in the Post-menarche, Pre-menopausal Patient

Numerous conditions can cause amenorrhea in reproductive aged women. Testing falls into two categories: diagnosing etiology and reassuring the patient that she is not in ovarian failure. For a more comprehensive discussion of how to evaluate etiology, please see the Endotext section on the Endocrinology of Female Reproduction. In general, and in addition to remembering to exclude pregnancy as a cause for amenorrhea, ASRM Practice Committee guidelines recommend FSH, TSH, and prolactin levels in addition to the usual history and physical exam (45) (An important contextual caveat is that AMH and AFC were not as well established when these guidelines came out in 2008). Though increasingly AFC is used in place of FSH, especially for evaluating hyperandrogenic women since AFC is part of the Rotterdam criteria (46), FSH still has a role in differentiating PCOS and forms of functional hypothalamic amenorrhea (47). See figure 5 for interpretation of test results.
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Figure 5. Laboratory parameters in the setting of amenorrhea (43). Reproduced with permission of the author.

Regarding reassuring the patient, for gynecologists a transvaginal ultrasound to assess antral follicle count is relatively easy to perform, can often be performed promptly at the initial office visit, and can have a reassuring tangibility to patients when antral follicles are identified and their importance is explained. When sonographic evaluation of ovarian reserve is less available, a normal AMH level should be reassuring. Additionally, for patients who have been placed on oral contraceptives or other hormonal therapy without a diagnosis of etiology for amenorrhea, AFC and AMH levels may be lowered, but are still likely to remain within the normal range if the patient truly has normal reserve. Figure 6 provides information on the relative strengths of assays.
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Figure 6. Relative strengths of assays for determining ovarian reserve (balancing positive and negative predictive values, typical costs, and available alternatives). AFC= antral follicle count, AMH= anti-mullerian hormone, CCCT= clomiphene citrate challenge test. * When combined with LH

LOOKING TO THE FUTURE OF OVARIAN RESERVE TESTING

Advancing technologies and improving cost has made direct to consumer (DTC) fertility testing a reality. DTC testing enhances patient access care, but can do so at the expense of oversight, insight, and broader perspective.  Moreover, though abnormal results may encourage a patient to seek out a physician for counseling, normal results may provide false security for fertility, which is multifactorial and more than ovarian reserve. Additionally, ovarian reserve testing in patients with untested fertility may provide limited predictive value for fecundability and ultimately fecundity (57). Ultimately, how do physicians interpret results in patients who may not warrant assessment? If DTC ovarian reserve testing is typically performed by fingerstick blood sampling, relative to a larger, better-preserved sample through traditional phlebotomy, sample accuracy at times can be suboptimal. Additionally, lack of assay standardization among labs can also hinder counseling patients on their results (58). If more information is available, the true questions are if we can use and trust the results?

When (and if) ovarian reserve testing is predictive, therapy can be focally applied early.  Current testing methods are often more reliable after DOR has already occurred and better predict response to therapies than pregnancy itself. The known causative association between Fragile X premutation in women and risk of decreased ovarian reserve leads to interest in genetic causes of decreased ovarian reserve. Studies have linked target genes and epigenetic changes to patients with diagnosed DOR (59, 60). If testing Fragile X, as well as testing for blepharophimosis, ptosis, and epicanthus inversus (BPES), can anticipate DOR, the challenge is not just in making the most of ovarian reserve where possible, but there is also a role for potentially reducing transmissible morbidity.
CONCLUDING REMARKS 
It has been said that a Rolex keeps time well, but makes for a lousy hammer. All ovarian reserve tests are merely tools and their value relates to the task to which they are applied. Even as we see increased use of AFC and AMH (48), we have to remember that ideal testing is “systematic, expeditious, and cost-effective” (49). In other words, when evaluating ovarian reserve, one should account for not only the symptoms and probable diagnosis, but also the turnaround time for results, and how to maximize value in testing. These latter two factors vary by site, so clinicians will have to find the right balance for their practice. Finally, one of the most important and cost-effective predictors is age (see Figure 1). In the procreative setting, after age is combined with another ovarian reserve test, the marginal benefit from further assays tends to be less (8). Accordingly, and with the exception of premature ovarian failure where independent confirmation is appropriate (due to discordance between age and the assay), until further studies justify effectiveness and cost-effectiveness, simultaneously using multiple ovarian reserve tests should be for selected patients rather than universal.
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