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Currently there is no uniformly accepted definition of decreased ovarian reserve (DOR), as the term may refer to three related but
distinctly different outcomes: oocyte quality, oocyte quantity, or reproductive potential. Available evidence concerning the perfor-
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T he process of reproductive aging
centers on the generally accepted
principle that human oocytes

peak in number during fetal life, un-
dergo atresia thereafter, and do not
regenerate. Although female fertility
declines with age, it is difficult to pre-
dict the pace of reproductive decline
in an individual woman. Nonetheless,
clinicians often are asked for advice
on fertility potential and recommenda-
tions for fertility treatments. This docu-
ment reviews the evidence relating to
the clinical utility and predictive value
of ovarian reserve testing. An under-
standing of the limitations of screening
tests in general, and ovarian reserve
tests in particular, is required to avoid
confusion and misinterpretation, or
misuse of results.
WHAT IS OVARIAN
RESERVE?
Clearly, women of the same age can
have very different responses to
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ovarian stimulation and have differing
reproductive potential. The concept of
ovarian reserve views reproductive
potential as a function of the number
and quality of remaining oocytes.
Decreased or diminished ovarian
reserve (DOR) describes women
of reproductive age having regular
menses whose response to ovarian
stimulation or fecundity is reduced
compared with women of comparable
age. Decreased ovarian reserve is
distinct from menopause or premature
ovarian failure (also referred to as pri-
mary ovarian insufficiency) (1).
Although ovarian reserve tests have
been applied widely, debate continues
over the ability of tests currently in
use to predict three related, but
distinctly different, outcomes: oocyte
quality, oocyte quantity, and fecundity.

In most cases, the cause(s) of DOR
are unknown. It is unclear whether
DOR represents a pathologic condition
resulting from abnormally rapid atresia
in a normal pool of oocytes, from
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normal atresia of an abnormally small
initial pool of oocytes, or simply the
extreme end of a normal bell-shaped
population distribution of the number
of oocytes at a given age. A loss of oo-
cytes and fertility potential are associ-
ated with exposure to systemic
chemotherapy, pelvic irradiation, and
genetic abnormalities (e.g., 45,X chro-
mosomal mosaicism, FMR1 premuta-
tions). Decreased ovarian reserve has
not been associated with other lifestyle
behaviors, with the possible exception
of cigarette smoking (2).
WHY MEASURE OVARIAN
RESERVE?
Although oocyte number and quality
decline with age, fertility varies signif-
icantly among women of a similar age.
Consequently, a number of tests
involving biochemical measures and
ovarian imaging, collectively known
as ovarian reserve tests, have been
proposed to help predict ovarian
reserve and/or reproductive potential.
In women with regular menses, ovarian
reserve tests do not predict whether
they are entering menopause or peri-
menopause or distinguish whether
they are experiencing a decline in
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FIGURE 1

Decreased ovarian reserve
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2 � 2 table to calculate test characteristics of a screening test.
Sensitivity ¼ A/AþC; Specificity ¼ D/BþD; Positive predictive value
¼ A/AþB; Negative predictive value ¼ D/CþD.
Practice Committee. Ovarian reserve testing. Fertil Steril 2015.
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fertility that is pathologic or expected. When caring for a
couple with infertility, clinicians use factors such as age
and diagnoses to counsel individual patients and tailor the
treatment plan. The goal of ovarian reserve testing is to add
more prognostic information to the counseling and planning
process so as to help couples choose among treatment op-
tions. However, it is important to emphasize that ovarian
reserve tests are not infallible and should not be the sole
criteria used to deny patients access to assisted reproductive
technology (ART) or other treatments. Evidence of DOR does
not necessarily equate with inability to conceive.

WHAT ARE MEASURES OF OVARIAN
RESERVE?
Ovarian reserve tests include both biochemical tests and ul-
trasound imaging of the ovaries. Biochemical tests of ovarian
reserve can be divided further into basal measurements,
including measurement of follicle-stimulating hormone
(FSH), estradiol, inhibin B, and antim€ullerian hormone
(AMH), and provocative tests such as the clomiphene citrate
challenge test (CCCT). Biochemical measures of ovarian
reserve are intended to probe and to reflect the biology of
the aging ovary, the one component of the reproductive
system most closely related to decreased fecundity.

Inhibin B and AMH are glycoprotein hormones produced
by small ovarian follicles and are therefore direct measures of
the follicular pool. Whereas AMH is primarily secreted by pri-
mary, preantral, and antral follicles, inhibin B is secreted pri-
marily by preantral follicles. As the number of ovarian
follicles declines with age, both AMH and early follicular
phase inhibin B concentrations decline. Decreased inhibin B
secretion lowers the level of central negative feedback, result-
ing in increased pituitary FSH secretion and in higher late
luteal and early follicular FSH concentrations (an ‘‘indirect’’
measure). In turn, the earlier increase in FSH levels stimulates
an earlier onset of new follicular growth and increase in estra-
diol concentrations, ultimately decreasing the length of the
follicular phase and the overall cycle. Dynamic ovarian
reserve tests assess the response of the hypothalamic–pitui-
tary–ovarian axis to a stimulus.

Ultrasonographic measures of ovarian reserve include
antral follicle count (AFC) and ovarian volume. The AFC
describes the total number of follicles measuring 2–10 milli-
meters in diameter that are observed during an early follicular
phase transvaginal scan. The number of antral follicles corre-
lates with the size of the remaining follicular pool and the
number of oocytes retrieved following stimulation. Ovarian
volume declines with age and is therefore another potential
indicator of ovarian reserve.

HOW ARE OVARIAN RESERVE TESTS USED?
Historically, ovarian reserve tests were intended to be used to
screen patients before beginning a cycle of in vitro fertiliza-
tion (IVF) and to treat only those patients falling within a
normal range as defined by each center. However, studies
examining the performance of ovarian reserve tests have
used heterogeneous patient populations and outcome mea-
sures, vastly complicating their interpretation. Whereas
e10
some have screened a general IVF population, others have tar-
geted populations of older women, seeking to discriminate
women with good prognoses from those with poor prognoses
despite their similar chronologic age.

Measures of ovarian reserve have been used to predict
DOR, but DOR has been defined in different ways, including
both reduced fecundability (the ability to achieve pregnancy)
and poor ovarian response to gonadotropin stimulation. Mea-
sures of ovarian response such as the number of follicles, the
number of oocytes retrieved, the number of embryos, and
cancellation rate are surrogates for the clinically important
outcomes: pregnancy and live birth. These surrogate out-
comes are related to the clinically important outcomes but
are not synonymous. Heterogeneity in study populations
and varied exposures and outcomes have resulted in a wide
range of test characteristics for measures of ovarian reserve
reported in the literature. Therefore, the reported ‘‘effective-
ness’’ of ovarian reserve tests as screening tests varies.
Accordingly, it is important to consider study designs care-
fully when applying the results of these screening studies to
individual patients.
BASIC PRINCIPLES OF SCREENING TESTS
The purpose of a screening test is to identify persons at risk for
a disease. The purpose of using ovarian reserve testing as a
screening test is to identify infertility patients at risk for
DOR, who are more likely to exhibit a ‘‘poor’’ response to
gonadotropin stimulation and to have a lesser chance of
achieving pregnancy with ART, most commonly IVF.

A screening test has a number of test characteristics,
including sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV), all of which
change with the diagnostic threshold, or cutpoint, used to
classify an individual as being at risk for DOR (e.g., FSH
R11.4 mIU/mL) (3). Good screening tests have validity.
Sensitivity and specificity are two measures of test validity
(Fig. 1). A valid test correctly categorizes persons who have
disease as test positive (highly sensitive) and those without
disease as test negative (highly specific). In other words, a
highly sensitive test would capture all of the patients who
have DOR. Changing cutpoints to optimize sensitivity would
minimize the number of false negatives (patients with DOR
categorized as normal) but increase false-positive test results
(patients with normal ovarian reserve categorized as having
VOL. 103 NO. 3 / MARCH 2015
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DOR). A highly specific test would correctly identify all of the
patients who do not have DOR. Changing cutpoints to opti-
mize specificity would minimize false positives but increase
false negatives.

Graphically, the sensitivity and specificity of different
cutpoints of a diagnostic test can be plotted as receiver oper-
ating characteristic (ROC) curves. These curves help identify
the cutpoint that maximizes sensitivity and specificity. How-
ever, the diagnostic threshold that ‘‘optimally’’ balances spec-
ificity and sensitivity for identifying patients at risk for DOR
necessarily sacrifices some specificity to improve sensitivity
and thus may not be the best choice for clinical care.

For clinical application, the threshold for considering an
ovarian reserve test ‘‘abnormal’’ should have high specificity
for DOR. Specificity is the test characteristic that should be
optimized to decrease false positives, or wrongly categorizing
patients with normal ovarian reserve as having DOR. For the
clinician, a highly specific test helps to avoid over-aggressive
treatment in patients with normal ovarian reserve. Addition-
ally, it will avoid recommending adoption or oocyte donation
to patients who may have the potential to have their own
genetic offspring. Because sensitivity is sacrificed when spec-
ificity is optimized, a highly specific test for DOR also would
result in more women attempting IVF outcomes not knowing
that the prognosis is poor.

Positive predictive value and NPV are screening test
characteristics that change with the prevalence of disease
(DOR) in the study population. The PPV is the probability
that a woman who tests positive truly has DOR. The NPV
is the probability that a woman who tests negative has
normal ovarian reserve.

The most important test characteristics of a screening
ovarian reserve test are its predictive values rather than sensi-
tivity or specificity. Although predictive value is determined
by sensitivity and specificity, it also is dependent on the prev-
alence of DOR in the population. This principle is important in
determining whom to screen. If the prevalence or risk of DOR
is low (e.g., in young women), the PPV (the probability that a
woman who tests positive truly has DOR) will be low, even if
the sensitivity and specificity are high. If the prevalence of
DOR is high (e.g., in older women), the PPV will be high if a
highly specific test cutpoint is chosen. Therefore, it is obvious
that ovarian reserve testing is most useful in identifying DOR
in women at high risk for DOR. Ideally, for tests of ovarian
reserve to be clinically useful for patient counseling, the test
characteristics and prevalence of DOR in a specific population
or clinic should be known. The wide range of values reported
in the literature makes it difficult to use these measures
clinically.

The use of a screening test for DOR in a population at low
risk for the condition poses several problems. Most impor-
tantly, many women will be categorized as having DOR
who, in fact, have a normal ovarian reserve. The implications
are important when screening women who have not yet
received infertility treatment and those who may simply be
curious about their reproductive potential. Ovarian reserve
testing in women at low risk for DOR will yield a larger num-
ber of false-positive results (lower PPV) (4). The problem is
compounded in the use of home tests, where a qualified
VOL. 103 NO. 3 / MARCH 2015
medical professional is not readily available to interpret and
explain the results.
Basal FSH

Basal serum FSH concentrations increase on day 2, 3, or 4
of the menstrual cycle with advancing reproductive age.
However, assays for FSH have significant inter- and
intra-cycle variability that limits their reliability (5–7). The
overall correlation among different FSH assays is excellent,
but absolute values can differ from one another (8).
A change in the reference standard, from a human
menopausal gonadotropin standard (International Reference
Preparation [IRP]-hMG) to the World Health Organization
(WHO) Second International Standard (IRP 78/549), compli-
cated the generalizability of FSH cutpoints. Sample conver-
sion of IRP-hMG values to IRP 78/549 values are as
follows: high FSH 25 mIU/mL (IRP-hMG) ¼ 16.7 (IRP 78/
549), moderately high FSH 17 mIU/mL (IRP-hMG) ¼ 11.4
(IRP 78/549), normal FSH <15 mIU/mL (IRP-hMG) ¼ <10
mIU/mL (IRP 78/549) (8). Thus, clinicians may find it difficult
to generalize FSH cutpoints reported in the medical literature
to their practices unless they are using the very same assay
and reference preparation (7).

Despite its limitations, FSH is commonly used as a mea-
sure of ovarian reserve, and high values have been associated
with, but do not necessarily predict, both poor ovarian stim-
ulation and the failure to conceive (8). Assays standardized
against the WHO Second International Standard demonstrate
high specificity (83%–100% range) for predicting poor
response to stimulation (usually defined as <2–3 follicles or
%4 retrieved oocytes) using multiple cutpoints above 10 IU/
L (10–20 IU/L) (8). However, sensitivity for identifying women
who will respond poorly varies widely (10%–80%) and
decreases with increasing FSH cutpoints (8). Using similar
cutpoints, FSH is far less sensitive for predicting the failure
to achieve pregnancy. A recent study employing efficiency
curves demonstrated 100% specificity for failure to achieve
a live birth at FSH values above 18 IU/L (9). Cutpoints that
yield high specificity (80%–100%) have low sensitivities
(10%–30%) (8). Consequently, the majority of women who
are tested (including those with DOR) will not have an
abnormal FSH value. The test still is clinically useful, because
one can be fairly certain that women having an abnormally
elevated FSH value will have DOR. The PPV of FSH for poor
response to ovarian stimulation or failure to conceive is
higher in older women.

High FSH levels have not been associated with an
increased risk of aneuploidy in pregnancies resulting from
IVF (10, 11). Although FSH rises with increasing
reproductive age, it remains unknown whether high FSH
levels in women of reproductive age predict an earlier onset
of menopause (12).

The variability in FSH levels often prompts clinicians to
repeat the test. Whereas consistently elevated FSH concentra-
tions confer a poor prognosis (13), a single elevated FSH value
in women<40 years of agemay not predict a poor response to
stimulation or failure to achieve pregnancy (13). Limited
evidence suggests that women with fluctuating FSH levels
e11
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should not wait for the ‘‘ideal’’ cycle, wherein the FSH concen-
tration is normal, to undergo IVF stimulation (5, 14).

It has been reported that basal FSH has limited utility as a
screening test (8, 15, 16). At high cutpoints that maximize
specificity, sensitivity is moderate for poor response to
stimulation and very low for failure to achieve pregnancy.
Although relatively few women with DOR will test
abnormally if cutpoints are high, those who do have an
abnormal test are very likely to have DOR.

In summary, a single FSH value has very limited reli-
ability because of inter- and intra-cycle variability (particu-
larly if it is not elevated). An elevated FSH value has good
specificity but may represent a false positive especially
when used in a low-risk population. Given the inter-assay
variability of FSH, the cutpoint selected by an IVF program
ideally should be based on its own data or on data from
studies using the same FSH assay (Table 1).
Estradiol

As a test of ovarian reserve, basal estradiol on day 2, 3, or 4 of
the menstrual cycle has poor inter- and intra-cycle reliability
(17). The vast majority of studies have found that basal
estradiol does not differ between women with and without
DOR, regardless of whether the measured outcome is poor
response to ovarian stimulation or failure to achieve preg-
nancy (18–28). Basal estradiol alone should not be used to
screen for DOR. The test has value only as an aid to correct
interpretation of a ‘‘normal’’ basal serum FSH value. As
discussed earlier, an early rise in serum estradiol
concentrations is a classic characteristic of reproductive
aging and can lower an otherwise elevated basal FSH level
into the normal range, thereby causing a misinterpretation
of the test. When the basal FSH concentration is ‘‘normal’’
but the estradiol level is elevated (>60–80 pg/mL) in the
TABLE 1

Summary of the value of screening tests of ovarian reserve.

Test Cutpoint

Poor response Non-preg

Sensitivity
(%)

Specificity
(%)

Sensitivity
(%)

S

FSH 10–20 IU/L 10–80 83–100 7–58

AMH 0.2–0.7 ng/mL 40–97 78–92 a

AFC 3–10 9–73 73–100 8–33

Inhibin B 40–45 pg/mL 40–80 64–90 a

CCCT
(day-10 FSH)

10–22 IU/L 35–98 68–98 23–61

Note: Laboratories ELISA.
a Insufficient evidence.

Practice Committee. Ovarian reserve testing. Fertil Steril 2015.
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early follicular phase, there is limited evidence for an
association with poor response, increased cancellation rates,
or lower pregnancy rates (28–30).
Clomiphene Citrate Challenge Test

The CCCT involves measurements of serum FSH before (cycle
day 3) and after (cycle day 10) treatment with clomiphene
citrate (100 mg daily, cycle days 5–9). Whereas rising inhibin
B and estradiol levels derived from a growing cohort of ovarian
follicles will suppress FSH in women with responsive ovaries,
the smaller follicular cohorts that can be recruited in women
with DOR will generate less inhibin B and estradiol, resulting
in decreased negative feedback inhibition of FSH secretion
and higher stimulated FSH concentrations. An elevated FSH
concentration after clomiphene stimulation therefore suggests
DOR. Studies of CCCT results have observed significant inter-
cycle variability in stimulated FSH levels and in the difference
between basal and stimulated estradiol and inhibin B concen-
trations, which limits the reliability of the CCCT (6, 31, 32). A
systematic review examined the ability of the CCCT to
predict poor ovarian response or pregnancy after IVF over a
range of day-10 FSH levels (10–22 IU/L) in women at low,
average, and high risk for DOR. For the outcome of poor
ovarian response, the specificity of day-10 FSH concentrations
ranged between 47% and 98% and sensitivity varied between
35% and 93% (33). For the outcome of failure to achieve preg-
nancy, specificity has been found to range between 67% and
100% and sensitivity between 13% and 66%, depending on
the study (33). In other words, out of 10 females who do not
conceive through IVF, between 1 and 7 women would have
had an abnormal day-10 FSH value (sensitivity) and of 10
women who do conceive, 7–10 would have a normal day-10
FSH value. In studies comparing the test performance of basal
(cycle day 3) and stimulated (cycle day 10) FSH values,
nancy

Reliability Advantages Limitations
pecificity
(%)

43–100 Limited Widespread use Reliability
Low sensitivity

a Good Reliability Limit of detectability
Two commercial assays
Does not predict
non-pregnancy

64–100 Good Reliability
Widespread use

Low sensitivity

Limited Reliability
Does not predict
non-pregnancy

67–100 Limited Higher sensitivity
than basal FSH

Reliability
Limited additional value
to basal FSH

Requires drug
administration

VOL. 103 NO. 3 / MARCH 2015
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stimulated FSH levels have higher sensitivity but lower speci-
ficity than basal FSH concentrations (33). Compared with basal
FSH and AFC, the clomiphene-stimulated day-10 FSH level
does not clearly improve test accuracy for predicting poor
ovarian response or pregnancy after IVF (32–34).

In summary, basal measures of FSH may be preferable to
the CCCT, unless one is using the test to purposely increase
sensitivity (Table 1).
Antim€ullerian Hormone

Serum concentrations of AMH, produced by granulosa cells of
early follicles, are gonadotropin-independent and therefore
remain relatively consistent within and between menstrual
cycles in both normal, young ovulating women and in women
with infertility (17, 35–37).

Antim€ullerian hormone was assayed previously using pri-
marily two different assay kits (38). The current commercially
available assay kit that is based on different technology has re-
placed the older assays (39, 40). Although the results obtained
with the two earlier kits are highly correlated, the standard
curves are not parallel, and there is no universally applicable
conversion factor (41). Therefore, cutpoints developed and
reported for one commercial AMH assay are not generalizable
to the other commercial assay(s). When applying AMH
cutpoints in clinical practice, clinicians must be very careful to
determine that the assay used to measure AMH is the same as
that used in the reference study population. Moreover, results
can have a high coefficient of variation and vary among
different commercial laboratories using the same assay (42).

Studies of AMH as a screening test for ovarian reserve
have involved three different study populations—general
IVF population, subpopulation of women at low risk for
DOR, and subpopulations of women at high risk for DOR.
Overall, lower AMH levels have been associated with, but
do not necessarily predict, poor responses to ovarian stimula-
tion, poor embryo quality, and poor pregnancy outcomes in
IVF (43–47). Studies that correlate different mean AMH
levels with IVF outcomes do not provide useful AMH
cutpoints for clinical care (18, 44, 45, 48).

In various studies of general IVF populations, low AMH
cutpoints (0.2–0.7 ng/mL DSL ELISA) have been found to
have sensitivities ranging between 40% and 97% and specific-
ities varying from 78% to 92% for <3 follicles or %2–4
retrieved oocytes (19, 43, 49, 50). The PPVs of these
cutpoints for the same outcomes vary between 22% and
88%. The NPVs are high, between 97% and 100%, but these
cutpoints are neither sensitive nor specific for predicting
pregnancy (19, 49, 50). The range of test characteristics and
the variable prevalence of DOR in different studies make it
difficult to use these measures clinically. Ideally, site-specific
data should be used to counsel patients.

Studies restricted to women at low risk for DOR were
small and used exclusion criteria such as an elevated FSH,
older age, anovulation, and severe male factor (51, 52).
Outcomes have varied from %5 retrieved oocytes to clinical
pregnancy per oocyte retrieval. Cutpoints of 2.5–2.7 ng/mL
have 83% sensitivity, 82% specificity, 67%–77% PPV, and
61%–87% NPV for clinical pregnancy (20, 51). In other
VOL. 103 NO. 3 / MARCH 2015
words, an AMH <2.7 ng/mL would correctly predict
nonpregnancy in 6–8 of 10 women but would be wrong in
2–4 women (PPV). A cutpoint of 1.4 ng/mL had 76%
sensitivity, 86% specificity, and 67% PPV for %5 retrieved
oocytes (52). These higher AMH cutpoints decrease the
specificity for DOR and, because of low prevalence of
decreased ovarian reserve, resulted in lower PPV.

Several studies have restricted the sample population to
women at high risk of DOR by recruiting older women, those
with an elevated FSH, or those with a history of poor response
(21, 44). Using undetectable AMH as a cutpoint resulted in 76%
sensitivity and 88% specificity for predicting %3 follicles; the
PPV was 68% and NPV was 92% (44). A higher AMH cutpoint
of 1.25 ng/mL yielded 85% sensitivity, 63% specificity, 41%
PPV, and 96% NPV for cycle cancellation (%3 follicles), and
58% sensitivity, 75% specificity, 76% PPV, and 57% NPV for
poor response (%4 oocytes or cycle cancellation) (21). The
limitation of applying AMH in high-risk populations is that
some subjects who have ‘‘normal’’ IVF outcomes have low
AMH values. Because normal women and those with DOR
have overlapping low to undetectable AMH values, specificity
cannot be optimized to 100%, reflecting the limitation of the
AMH assay threshold.

In summary,AMH is apromising screening test and is likely
more useful in the general IVF population or in women at high
risk for DOR than inwomen at low risk for DOR. LowAMH cut-
points are fairly specific for poor ovarian response, but not for
pregnancy. Future studies of AMH as a screening test should
incorporate larger numbers of subjects in a high-risk or general
IVF population. The use of AMH as a routine screening tool for
DOR in a low-risk population is not recommended (Table 1).
Antral Follicle Count

Antral follicle count is the sum of antral follicles in both
ovaries, as observed with transvaginal ultrasonography dur-
ing the early follicular phase. Most studies have defined antral
follicles as those measuring 2–10 mm in mean diameter in the
greatest two-dimensional (2D) plane; some have defined
antral follicles as those measuring 3–8 mm in mean diameter.
Antral follicle count has good inter-cycle reliability and inter-
observer reliability in experienced centers (21, 53–56). As
suggested by a meta-analysis evaluating AFC as a predictor
of poor ovarian response and pregnancy after IVF, a low
AFC is considered to be 3–6 total antral follicles (mean of
5.2 with SD 2.11) and is associated with poor response to
ovarian stimulation during IVF, but does not reliably predict
failure to conceive (57).

Across general IVF study populations of patients at low
and high risk for DOR, low AFC cutpoints of 3–4 total follicles
(both ovaries combined) are highly specific (73%–100%) for
predicting poor ovarian response (cycle cancellation, <3–4
follicles or retrieved oocytes) (21–23, 54, 57–60) but have
lower sensitivity (9%–73%). The same cutpoints are
moderately specific for predicting failure to conceive (64%–

100%), but sensitivity is consistently low (8%–33%). The
PPV and NPV of AFC for predicting poor response have
varied widely in studies of general IVF subjects. The high
specificity of a low AFC makes the test useful for predicting
e13
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poor ovarian response and treatment failure, but its clinical
utility is limited by its low sensitivity. Inter- and intra-
observer variability also may be limiting, especially in centers
having less expertise or lower-quality ultrasound equipment.

In summary, the use of AFC may help to predict poor
stimulation and pregnancy outcome but should not be the
sole criterion for the application of ART (Table 1).

Inhibin B

Inhibin B is not a reliable measure of ovarian reserve. Inhibin
B levels rise with gonadotropin-releasing hormone (GnRH) or
FSH stimulation (the basis of dynamic tests of ovarian
reserve) and therefore exhibit high intra-cycle variability
(21, 43, 45). Inhibin B levels also vary significantly between
menstrual cycles (21).

In a general IVF population, inhibin B is lower in poor
responders than in women with a normal ovarian response
to stimulation (42, 61). Poor response is most commonly
defined as <3–5 developing follicles, resulting in IVF cycle
cancellation, or as %4 retrieved oocytes. Cutpoints for low
inhibin B vary by study (40–141 pg/mL). Low inhibin B
cutpoints in the range of 40–45 pg/mL have specificities
between 64% and 90% and sensitivities between 40% and
80%. The PPV of inhibin B is generally low (19%–22%) and
the NPV is high (95%–97%) in general IVF populations
(43, 48). In populations at high risk for DOR, PPV can be as
high as 83% (21). The large majority of studies have
demonstrated that inhibin B does not discriminate between
pregnancy and failure to conceive (20, 21, 24, 62, 63).

In summary, the routine use of inhibin B as a measure of
ovarian reserve is not recommended (Table 1).
Ovarian Volume

Ovarian volume is calculated by measuring each ovary in
three planes and using the formula for the volume of an
ellipsoid (D1 � D2 � D3 � 0.52 ¼ volume). Mean ovarian
volume is the average volume of both ovaries in the same
individual. Ovarian volume has limited reliability as an
ovarian reserve test. Some studies report clinically signifi-
cant inter-cycle variability, but this observation is not
consistent (4, 21, 64). When ovarian volume is acquired
and stored by three-dimensional (3D) ultrasound, intra-
and inter-observer variability is minimized, but specialized
equipment is required (65). Overall, ovarian volume corre-
lates with number of follicles and retrieved oocytes but
not as well with pregnancy (22, 57, 66–68). In addition,
studies of ovarian volume often have excluded patients
with ovarian pathology, including those with polycystic
ovary syndrome, endometriomas, and large cysts (69, 70).
Thus, the generalizability is limited.

Several studies have demonstrated that low ovarian vol-
ume, typically<3 mL, or low mean diameter,<2 cm, predicts
poor response to ovarian stimulation with high specificity
(80%–90%) and a wide range of sensitivity (11%–80%)
(8, 21). The reported PPV has been as low as 17% for
women at low risk for DOR (23), and as high as 53% in
women at high risk for DOR (21). In general, ovarian
volume has been a poor predictor of pregnancy.
e14
In summary, ovarian volume has limited value for detec-
tion of DOR. Antral follicle count is a better imaging test to
screen for DOR than ovarian volume.
Ovarian Response

The tests discussed above evaluate the ovarian reserve at a
point in time, whereas ovarian response represents the effect
following ovarian stimulation. Poor ovarian response to
ovarian stimulation usually is identified by a reduction in
follicular response to maximal stimulation during IVF, result-
ing in a reduced number of retrieved oocytes. In order to stan-
dardize the definition of poor ovarian response, the European
Society of Human Reproduction and Embryology (ESHRE)
working group convened in Bologna and proposed that two
of the following criteria be present to define whether a given
low response to stimulation is truly poor ovarian response: [1]
advanced maternal age or any other risk factor for poor
ovarian response; [2] a previous poor ovarian response; and
[3] an abnormal ovarian reserve test. Two episodes of poor
ovarian response after maximal stimulation are sufficient to
define a patient as a poor responder in the absence of
advanced maternal age or an abnormal ovarian reserve test
(71). In the setting of recently demonstrated repetitive good
or poor ovarian response, repeated ovarian reserve testing is
unnecessary.

COMBINED OVARIAN RESERVE TESTS
Because no single measure of ovarian reserve has 100% sensi-
tivity and specificity, biochemical and imaging measures
have been combined in an effort to improve test characteris-
tics. Summarizing the validity and reliability of such combi-
nations of ovarian reserve tests in screening for DOR is
difficult because of heterogeneity in cutpoints and the choice
of measures across studies (8). Combined ovarian reserve tests
pose other problems because individual tests can be highly
correlated. Consequently, including more than one measure
in a prediction model does not improve test characteristics
consistently (22, 50, 61). Moreover, using combined tests
requires clinicians to obtain all of the measures in their
patients, adding to the expense of screening for DOR.

Different techniques have been used to translate the
statistical significance of results obtained with combined
markers to clinical significance. Some have developed
high-risk scoring systems (39, 41). Other studies use
multivariable regression models to predict either poor
response to ovarian stimulation or the number of follicles/
oocytes retrieved (22, 32, 58, 72). However, complicated
equations are cumbersome to apply clinically and do not
provide clear cutpoints for each ovarian reserve test
included. A prospective analysis of a combination of AMH,
inhibin B, and 3D assessment of AFC and ovarian volume
concluded that only AFC and AMH predicted poor ovarian
response, and the prediction was no better than that derived
from each test individually or in combination. Notably,
none of the measures predicted the failure to conceive (73).

In summary, combined ovarian reserve test models do not
consistently improve predictive ability over that of single
ovarian reserve tests. High-risk scoring systems that combine
VOL. 103 NO. 3 / MARCH 2015
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two or more measures may be clinically useful but require
further validation.
SUMMARY

� Currently, there is no uniformly accepted definition of
DOR, as the term may refer to three related but distinctly
different outcomes: oocyte quality, oocyte quantity, or
reproductive potential.

� Evidence of DOR does not necessarily equate with inability
to conceive.

� Available evidence concerning the performance of ovarian
reserve tests is limited by small sample sizes, heterogeneity
among study design, analyses and outcomes, and by the
lack of validated results. The design of published studies
must be examined carefully before applying the results in
clinical practice.

� The use of a screening test for DOR in a population at low
risk for DOR will yield a larger number of false-positive re-
sults (i.e., characterizing a woman as DOR when in fact she
has normal ovarian reserve).

� Overall, FSH is the most commonly used screening test for
DOR, but AFC and AMH exhibit less variability and there-
fore are promising predictors.

� A single FSH value has very limited reliability because of
inter- and intra-cycle variability.

� There is fair evidence to refute the notion that ovarian
response and pregnancy rates will be improved in cycles
wherein the FSH concentration is normal among women
previously exhibiting abnormally elevated values.

� There is fair evidence against the use of basal estradiol con-
centration as a single screening test for DOR, but there is
fair evidence that the basal estradiol concentration helps
in the accurate interpretation of basal FSH concentrations
used to screen for DOR.

� There is fair evidence to suggest that a clomiphene citrate
challenge test has mildly increased sensitivity for detecting
DOR compared with basal FSH concentration.

� There is mounting evidence to support the use of AMH as a
screening test for poor ovarian response, but more data are
needed.

� There is emerging evidence to suggest that a low AMH level
(e.g., undetectable AMH) has high specificity as a screen for
poor ovarian response but insufficient evidence to suggest
its use to screen for failure to conceive.

� There is fair evidence to support that a low antral follicle
count (<6) has moderate to high specificity as a screening
test for poor ovarian response and insufficient evidence to
support the use of AFC as a screening test for failure to
conceive.

� There is fair evidence against the use of basal inhibin B as a
screening test for DOR.

� There is fair evidence against the use of ovarian volume as a
screening test for DOR.

� Poor ovarian response to maximal stimulation during IVF
reflects DOR.

� There is insufficient evidence to indicate that the combined
results of multiple screening tests for decreased ovarian
reserve are more useful than that of each test alone.
VOL. 103 NO. 3 / MARCH 2015
CONCLUSIONS

� There is insufficient evidence to recommend that any
ovarian reserve test now available should be used as a
sole criterion for the use of ART.

� There is good evidence to support the conclusion that the
number of false-positive test results will increase when
screening tests for DOR are used in low-risk populations.
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