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Abstract 

 

Anti-Mullerian hormone (AMH) is a key regulator of early folliculogenesis, serving to maintain the population of 

quiescent, fertilizable oocytes over the course of a woman’s reproductive years. AMH is expressed exclusively by 

preovulatory granulosa cells, making it a valuable diagnostic marker for ovarian reserve (OR). The earliest and most 

sensitive test of OR currently available is the AMH serum concentration test, which can be evaluated at any time 

throughout the menstrual cycle to determine oocyte number and predict ovarian response to controlled stimulation. 

Furthermore, the AMH test is simple to use, rapid and affordable, making it attractive for point-of-care testing that can 

reliably identify candidates for assisted reproduction technologies (ART). 

 

Ovarian Reserve Testing as a Predictor of ART Outcomes 

The overarching goal of assisted reproduction technologies (ART), including in-vitro fertilization and intracytoplasmic 

sperm injection (IVF/ICSI), is to provide infertility patients with individualized care that maximizes the odds of a healthy 

pregnancy and live birth. Determining suitable candidates for fertility treatment is a key preliminary step that minimizes 

the financial and emotional costs associated with unsuccessful ART [1]. 

Ovarian reserve (OR) is a measure of a woman’s reproductive potential as determined by the number of oocytes in the 

ovaries. OR testing has three overall goals: 1) Identify patients who are at risk for diminished OR (DOR) early enough to 

intervene; 2) Identify patients who are less likely to become pregnant with ART; 3) Predict the ovarian response to 

controlled ovarian stimulation (COS), including poor responders and those who may be at risk for developing ovarian 

hyperstimulation syndrome (OHSS), a potentially life-threatening iatrogenic complication [2].   

Currently, the most widely used OR tests evaluate basal follicle-stimulating hormone (FSH) levels and antral follicular 

count (AFC). While both tests can provide some information about risks and potential outcomes of ART, they are both 

associated with substantial limitations and neither provides sufficient information to be a stand-alone test [2-3].  

Infertility patients who undergo ART procedures have more than an emotional investment at stake: The out-of-pocket 

expense for an initial fresh cycle ART treatment is estimated to be $15,715 [4]. Thus, it is critical that clinicians have the 

necessary tools to allow them to accurately predict infertility patients who are likely to have successful, healthy 

pregnancies and, conversely, identify and provide counseling to patients who may be less likely to become pregnant. 

There is a critical need for a highly sensitive and specific OR test that is simple to use and rapidly interpretable, that can 

detect DOR in time for intervention, and that has minimal variability within and between menstrual cycles. 
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Anti-Mullerian Hormone (AMH)  

Anti-Mullerian hormone (AMH) is a dimeric glycoprotein in the transforming growth factor-β (TGFβ) family. In women, 

AMH expression begins in utero and consistently increases throughout adolescence, peaking around age 25. Subsequent 

declining AMH expression persists until menopause, at which point it is undetectable [5]. 

The ovary contains a pool of primordial follicles that house immature, quiescent oocytes that serve as the source for 

developing and fertilizable follicles over the course of a woman’s reproductive life. Initial recruitment of primordial cells 

leads to the development of primary follicles that are surrounded by granulosa cells, which express low levels of AMH [6]. 

AMH expression increases in granulosa cells that are associated with preantral and small antral follicles (4-6 mm) before 

gradually declining as the antral follicle grows. Large antral follicles (>8 mm) do not have detectable AMH [7]. AMH 

negatively regulates initial recruitment from the primordial pool and reduces antral follicle responsiveness to FSH, 

thereby limiting antral cell maturation and FSH-driven cyclic recruitment of large antral cells. Thus, AMH is an important 

regulator of both initial and cyclic recruitment during early folliculogenesis. 

AMH is excreted by the ovaries into the circulation, where it can be readily detected. Early studies found that AMH levels 

were consistent over the course of the menstrual cycle [8], but later studies called those findings into question [9]. Sowers, 

et al, tested AMH levels in 20 healthy women between the ages of 30-40 every day over the course of one menstrual 

cycle and found that, regardless of their chronological age, women with AMH < 1.0 ng/ml had minimal AMH variation. 

Consequently, they proposed two distinct AMH profiles: The “young ovary”, with AMH levels that were greater than 1.0 

ng/ml, and the “aging ovary”, with AMH levels that were less than 1.0 ng/ml [10]. In fact, this observation has led some to 

suggest that serum AMH levels are valid predictors of ovarian ageing [11]. 

 

AMH is the Preferred Biomarker for OR 

 

For infertility patients to be able to make fully informed decisions about whether to pursue ART, they need to 

understand their risk for potential complications and the odds that ART will be successful. Accurate OR testing is a 

valuable tool that can help them develop realistic expectations. As described above, OR testing has three overall goals: 1) 

Determine risk for DOR; 2) Identify patients for whom ART is less likely to be successful; 3) Predict the ovarian response 

to controlled ovarian stimulation (COS). In addition to being able to achieve these goals, the ideal OR test has several 

features: It is simple to use, minimally invasive, rapidly interpretable, affordable, shows minimal variation between and 

within the menstrual cycle, and has high sensitivity and specificity [2-3].  

The two most widely used tests of OR, basal follicle-stimulating hormone (FSH) and antral follicular count (AFC), fail to 

meet several of the criteria listed above [3,12]. Despite having once been the OR biomarker of choice, the basal FSH test is 

associated with several limitations that precludes its use as reliable stand-alone test of OR. Although FSH has high 

specificity for predicting poor response to ovarian stimulation and failure to conceive, it has poor sensitivity. Moreover, it 

has substantial intra- and intercycle variability and cannot predict OHSS. The presence of metabolic or genetic 

abnormalities (e.g. disrupted pituitary function, Turner syndrome), birth control or polycystic ovarian syndrome (PCOS) 

can all affect FSH test results [12]. Moreover, FSH has a low sensitivity to DOR; in many cases, by the time FSH identifies 

DOR, the OR has diminished beyond a level where intervention is possible [2]. Without the addition of complementary 

OR tests, FSH is wholly unreliable.  

While AFC is more reliable than FSH, it can only detect antral follicles that are visible on ultrasound. Thus, it is a poorer 

reflection of OR than AMH, which can detect preantral and antral follicles and provide a more representative value for 

OR. In addition, AFC estimates of viable antral follicles are often inflated due to the presence of atretic follicles of the 
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same size [2]. Importantly, the requirement for a transvaginal ultrasound means that the test is invasive and requires 

special equipment and a trained operator to visually count follicles; consequently, there is inherent variability due to 

technology differences and interobserver (even intraobserver) variability. AFC is not applicable to all patients; previous 

ovarian surgeries, ovarian cysts and obesity interfere with the ability to accurately count follicles [12]. Both FSH and AFC 

are hindered by the fact that they must be done between day 2-5 of the menstrual cycle [2].  

In 2002, the first study was published that identified AMH as a potential OR biomarker [13]. Since then, a growing body of 

literature supporting AMH’s utility as a reliable proxy for OR has emerged. In recent years, AMH has been solidly 

established as the earliest and most sensitive OR test [2-3,5,10-12]. AMH levels are strongly correlated with the size of the 

follicular pool and are inversely correlated with age, and the AMH test achieves the three goals for an OR test, 

specifically, AMH has been shown to identify DOR, modestly predict ART successes [14-19], and identify patients who are 

at risk for poor or hyperresponse to COS [2,5]. Moreover, AMH testing can be done quickly, inexpensively, and without the 

need for special equipment. The AMH test can be used at any time throughout the menstrual cycle and deliver results 

that are highly sensitive and highly specific.  

AMH tests are also simple to perform: Because AMH is secreted by ovaries into the circulation, it can be readily 

measured in serum. Moreover, AMH levels remain consistently measurable (although, for concentrations that are 

greater than 1 ng/ml, not static) throughout the menstrual cycle so can be evaluated at any time [2,5]. Although evidence 

indicates that AMH levels fluctuate within and between menstrual cycles in young women with high basal AMH [9], there 

is evidence that significant fluctuations are limited to younger women with high basal levels of AMH and that patients 

with low OR have not been shown to have clinically relevant AMH fluctuations [10-11]. These qualities set the AMH test 

apart as the preferred method to evaluate OR reserve in most women. 

Moreover, although AMH is typically not thought to be able to predict embryo quality, pregnancy, or live birth, recent 

studies have challenged that view. For example, preliminary data indicate that AMH may be predictive of live birth in 

some cases (particularly, women over 35 with AMH > 2.8 ng/ml [14]) [15,16]. Similarly, recent studies have suggested that 

increased AMH levels may be predictive of ongoing pregnancy [17], oocyte maturity and embryo quality [18] and embryo 

morphology [19]. Should these findings be confirmed, AMH would be the first known OR biomarker that could also 

predict embryo quality and pregnancy.  

In many cases, AMH can serve as a stand-alone point-of-care test. However, in cases where the results are unclear or 

they are borderline, another OR test should be used (for example, an AMH reading of 3.4 ng/ml is on the high end of the 

normal range, so it would be prudent to follow up with an AFC test to rule out the possibility of OHSS). In addition, the 

technician who is giving the test should be aware of factors beyond age that may change AMH levels: The presence of 

PCOS increases AMH levels, and birth control, fertility hormones, low vitamin D, and being a current smoker are all 

known to reduce AMH. Data suggesting that obesity reduces AMH levels is inconsistent, but it may be a factor [5]. 

 

AMH Guided ART Protocols 

The ability of the AMH test to differentiate between poor, normal and hyper-responders is well characterized. Thus, 

clinicians and patients can discuss the most appropriate ART protocol. For example, in the case of a patient who has 

been identified as hyperresponsive (AMH > 3.5 ng/ml), the goal is to identify an ART protocol that will minimize the risk 

of OHSS. Alternatively, the objective for a poor responder (AMH < 0.5 ng/ml) is to minimize the treatment burden while 

maximizing the likelihood of a successful pregnancy [5]. 

Mounting evidence suggests that AMH levels are informative as individualized controlled ovarian stimulation (iCOS) 

protocols are developed. One large study found that AMH-tailored protocols were associated with significantly increased 

embryo transfers (p = 0.002), and significantly increased pregnancy (p = 0.002) and live birth rates (p = 0.007). In 
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addition, OHSS was significantly reduced in the AMH-tailored group (p = 0.002). Moreover, there was a dramatic 

reduction in cost in the AMH-tailored group, with a 29% reduction in the cost of fertility drug treatment (gonadotrophin) 

and a 43% reduction in the costs associated with OHSS [20]. Other studies have shown similarly promising results with the 

iCOS strategy [21-22]. These data strongly support the use of AMH testing in ART as a way to attenuate risk, significantly 

improve outcomes, and reduce the financial burden associated with ART. 

 

AMH Testing Outside of Infertility 

While AMH is best characterized as a key regulator of early folliculogenesis, it has been implicated as having a role in 

several other normal and pathological conditions: 

⚫ In October 2018, the Food and Drug Administration approved an AMH diagnostic test that can determine a 

woman’s perimenopausal status. Menopause is associated with unique challenges (loss of bone density, 

cardiovascular disease) that may be better managed with early diagnosis.  

⚫ Among the most well characterized conditions that AMH effects is polycystic ovary syndrome (PCOS). AMH > 5.0 

ng/ml is highly diagnostic of PCOS, and declining serum AMH is associated with reduced PCOS symptoms. AMH 

testing may be established as a routine diagnostic test for PCOS patients and could be informative when 

treatment plans are developed [2].   

⚫ Young women who undergo chemotherapy are at risk for losing fertility or ovarian function as a result. Studies 

have shown that higher AMH levels pre-treatment are associated with a more rapid AMH recovery 

post-treatment. Conversely, women with pre-treatment AMH levels of < 0.54 ng/ml were amenorrhoeic two 

years post-treatment [24]. 

⚫ A trend in Western countries is delayed childbearing among young women, with 1 in 5 women not having tried 

to become pregnant by age 35 [25]. AMH levels peak around age 25, after which time it gradually but consistently 

declines. Importantly, loss of AMH correlates with reduced fecundity. Some people advocate for AMH testing to 

be made available to women in their 20’s so they can be fully informed about their chances at successfully 

becoming pregnant later in life. However, this is a controversial idea; opponents argue that a 

lower-than-expected AMH level could put undue stress and anxiety on the patient, as well as pointing out that 

cryopreservation of oocytes may be prohibitively expensive for many young women [2]. 

These examples underscore the diagnostic potential for AMH testing beyond ART. Moreover, they highlight the 

possibility of as-of-yet undiscovered normal and pathological processes which may be modulated by AMH. 

 

Conclusions 

For infertile patients, a reliable ovarian reserve test can provide crucial information about the risks and rewards 

that they face should they pursue assisted reproduction technologies. The traditional test of basal 

follicle-stimulating hormone levels has been substantially overshadowed by the ultrasound-guided antral follicular 

count, which has relatively good predictive value for OR response but is inherently prone to interobserver 

variability and has significant intercycle variation in many patients. The anti-Mullerian hormone test, on the other 

hand, is not limited by cycle timing, has minimal intra- and inter-cycle variability, reliably predicts the OR response 

to hormonal stimulation (including predicting hyperresponse) and has the highest sensitivity and specificity among 

the tests for poor response and detection of nonpregnancy. Moreover, AMH testing is simple to perform and 

delivers rapid, readily interpretable results, underscoring its value as a point-of-care test. 
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