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Assessment of ovarian reserve—should we perform tests of ovarian reserve 
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Women undergoing IVF are routinely subjected to one or more tests of ovarian reserve. The results of these tests are
also being extrapolated to women attending infertility clinics and those planning to delay childbearing. This debate
examines the predictive power of currently available tests of ovarian reserve and questions the value of subjecting
women to ovarian reserve tests. We propose that in the absence of an agreement on (i) a definition of poor ovarian
reserve, (ii) the population to be tested and (iii) which interventions are effective in women with poor ovarian reserve,
routine ovarian reserve testing is unhelpful.
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Introduction

Ovarian reserve is a term used to describe the functional potential
of the ovary and reflects the number and quality of oocytes within
it. In future, such a test may help in counselling women con-
cerned about the loss of reproductive potential due to other condi-
tions such as treatment for cancer (Macklon and Fauser, 2005).

Virtually, the entire literature on ovarian reserve focuses on
the ability of the ovary to respond to gonadotrophin stimula-
tion, in the context of IVF. A good test of ovarian reserve
should be predictive of conception (with or without treatment)
and should indicate how long current levels of ovarian activity
can be maintained before ovarian ageing sets in. In a subfertile
population attending for fertility treatment, a test of ovarian
reserve should guide us in prognosticating outcome in individ-
ual cases by (i) predicting the chances of pregnancy and live
birth with or without treatment and (ii) selecting an optimal
dose of ovarian stimulation where treatment using ovarian
stimulation is planned. As such, an effective test of ovarian
reserve could have a pivotal role in guiding management
throughout the fertility workup and treatment by facilitating
individualized clinical decision making. We believe that it is
time to critically appraise the quality and feasibility of the
available tests of ovarian reserve in terms of their desired pur-
pose in (i) IVF treatment and (ii) non-IVF subfertility popula-
tion and (iii) general.

Tests of ovarian reserve

Over the years, various tests and markers of ovarian reserve
have been described in the literature (Table I). We searched the

literature using the key word ‘ovarian reserve’ (Medline 1966–
2006). A total of 257 articles were found. Further searches for
individual tests of ovarian reserve were made using key words
individually (FSH, Follicle stimulating hormone, AMH, anti-
Mullerian hormone, inhibin-B, oestradiol, AFC, antral follicle
count, ovarian volume, CCCT, clomiphene citrate challenge
test, GAST, GnRH agonist stimulation test, EFORT, exoge-
nous FSH ovarian reserve test and ovarian biopsy). Appropri-
ate cross-references were manually searched as well.

FSH

Most IVF units use basal FSH levels (measured on day 3 of the
menstrual cycle) as an indicator of ovarian responsiveness,
even though the evidence to support its efficacy as a routine
test is weak (Wolff and Taylor, 2004). Early-follicular-phase
fluctuations in FSH are a reflection of the balance between
ovarian steroid and peptide inhibition and the hypothalamo-
pituitary drive during the period just before the selection of the
dominant follicle. Day 3 FSH is an indirect measure of the size
of the follicle cohort and is regulated by various factors,
including inhibins, activins, estradiol and follistatins (te Velde
and Pearson, 2002). From a pathophysiological point of view,
large inter-cycle variations in basal FSH remain a frequent
problem. Appropriate timing of FSH measurement is difficult
for women with irregular periods, such as those with poly-
cystic ovary syndrome (PCOS). Despite appropriately timed
methods of sample collection, inter-cycle variations and inter-
sample variations (within assay and between assays) may res-
ult in disparate FSH measurements (Lambalk and de Koning,
1998). A wide range (4–25 IU) in threshold values have been
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used for abnormal levels of basal FSH (Bancsi et al., 2003).
The limitation of FSH in estimating ovarian reserve and coun-
selling patients has been recognized (Sharara et al., 1998), and
the usefulness of FSH as a routine test in the prediction of IVF
outcome has been questioned before (Bancsi et al., 2003).
There is some evidence to support the predictive value of FSH
in a population of women at high risk (women >40 years of
age, women with poor response to ovarian stimulation and
women who have failed to conceive in previous cycles) in
terms of the likelihood of achieving pregnancy through
assisted reproduction (Barnhart and Osheroff, 1999). In con-
trast, the role of day 3 FSH in the evaluation of young healthy
women is extremely limited (Wolff and Taylor, 2004).

Discrepancies also exist between the predictive value of
FSH in terms of ovarian response to gonadotrophin stimulation
as opposed to the likelihood of an ongoing pregnancy (Bancsi
et al., 2003), reflecting the limitation of using a test of ovarian
responsiveness as a marker of ovarian reserve. A meta-analysis
of studies on basal FSH as a predictor of pregnancy has con-
firmed a wide range of sensitivities (0.03–0.85), specificities
(0.20–1.00) and likelihood ratios (0.5–13.4) (Bancsi et al.,
2003). Predictions with a substantial change from pre-FSH-test
probability to post-FSH-test probability are only achieved at
extreme threshold levels of basal FSH and thus applicable to
no more than a small minority of patients (Bancsi et al., 2003).
Basal FSH is simple to perform but does not diagnose poor
ovarian reserve until high thresholds are used. Combined with
other markers, such as age and antral follicle count (AFC),
FSH can be useful for counselling regarding poor ovarian
response. As a test, it does not predict pregnancy and should
not be used to exclude people from assisted reproduction tech-
nology (ART), especially regularly cycling young women.

AFC

Recently, AFC, as visualized by transvaginal ultrasound scan,
has attracted considerable interest as a test of ovarian reserve.
An age-related decline in the AFC has been observed (Ruess
et al., 1996; Ng et al., 2003; van Rooij et al., 2005). A system-
atic review has demonstrated the superiority of AFC over basal
FSH in the prediction of poor ovarian response (Hendriks
et al., 2005a). Although AFC is the single best available pre-
dictor of response to ovarian stimulation with exogenous gona-
dotrophins, the precise definition of what constitutes an antral

follicle is variable, with cited diameters ranging between 2–10
and 2–5 mm (Frattarelli et al., 2003; Hansen et al., 2003; Bancsi
et al., 2004; Durmusoglu et al., 2004). Moreover, different
thresholds for defining low AFC are used in different studies
(Hendriks et al., 2005a). Inter-cycle variability has been investi-
gated in women with proven fertility (Scheffer et al., 1999),
those undergoing IVF (Hansen et al., 2003; Bancsi et al., 2004)
and in general subfertile women (Elter et al., 2005). Inter-cycle
variability appears to be more significant in young women and
in women with high AFC. Hence, a low AFC in young, infertile
but ovulatory women should be interpreted cautiously, as this
may not indicate poor ovarian reserve.

AFC has been suggested to be a better marker than age and
FSH for distinguishing between older patients with good and
poor pregnancy prospects (Klinkert et al., 2005a). The sensitiv-
ity, specificity and likelihood ratio of AFC to live birth have
not been tested in the literature. Data from a single study sug-
gest that poor response to stimulation can be predicted with a
sensitivity of 0.89, a specificity of 0.39 and a positive likeli-
hood ratio of 1.45 (Muttukrishna et al., 2005).

The performance of AFC for predicting failure to achieve
pregnancy is poor (Bancsi et al., 2002; Ng et al., 2003; Hendriks
et al., 2005a). This is because while AFC determines the
number of oocytes, a clinically relevant outcome (pregnancy or
live birth) depends on oocyte quality as well as quantity.

Serum estradiol

Elevated basal estradiol may predict the poor response even
when basal FSH is normal (Evers et al., 1998). In regularly
menstruating women between the ages of 24 and 50 years, no
differences in basal estradiol levels have been demonstrated
according to age (Lee et al., 1988). No relationship has been
found between serum estradiol levels and pregnancy rates
(Scott et al., 1989). As a test for the prediction of pregnancy,
basal estradiol has a likelihood ratio of 1.2–3.1 (Licciardi et al.,
1995; Smotrich et al., 1995) although different thresholds are
used in the two published studies. The value of cycle day 3
estradiol levels in the prediction of ovarian reserve is still
debatable (Bukulmez and Arici, 2004). No data are available
on the relationship between day 3 estradiol values and fecun-
dity in spontaneous cycles.

Ovarian volume

In women with small ovaries (<3 cm3), the cancellation rate of
IVF is higher (Sharara and McClamrock, 1999). Low ovarian
volume has also been found to correlate with the number of
growing follicles, but not with the number of oocytes retrieved
(Tomas et al., 1997). A correlation was found between ovarian
volume and reproductive success in ART cycles; however, the
likelihood ratio of a positive test with regard to pregnancy was
1.0–1.4, suggesting that its value is limited (Syrop et al., 1995;
Lass et al., 1997). Moreover, there is a wide range in the defi-
nition of normal ovarian volume in the reproductive age group.

Ovarian biopsy

Ovarian biopsy (Lambalk et al., 2004) has not been found to be
a useful routine test of ovarian reserve. Apart from being

Table I. Markers of ovarian reserve

Static tests
Age
Basal serum FSH
Basal serum estradiol
Basal LH/FSH ratio
Basal serum inhibin-B level
Basal serum anti-Müllerian hormone level
Basal ovarian volume
Basal antral follicle count
Ovarian stromal blood flow
Ovarian biopsy

Dynamic tests
Clomiphene citrate challenge test (CCCT)
GnRH agonist stimulation test (GAST)
Exogenous FSH ovarian reserve test (EFORT) D
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invasive and posing unknown future adverse effects, ovarian
biopsy is not a reliable test to assess reproductive ageing on
fertility, as there is a highly varied distribution of the follicles
throughout the ovary. The use of ovarian biopsy in predicting
pregnancy has not been tested.

Inhibin-B

Inhibin-B is mainly produced by the granulosa cells in growing
follicles and offers a more immediate assessment of ovarian
activity than other serum tests. A fall in day 3 inhibin-B levels
may predict poor ovarian reserve before the expected rise in
day 3 FSH (Danforth et al., 1998; Seifer et al., 1999; Fried
et al., 2003). However, other studies do not support its use as a
predictive marker in IVF (Hall et al., 1999; Creus et al., 2000).
Inhibin-B levels are influenced by the amount of fat in an indi-
vidual (Tinkanen et al., 2001), suggesting that the follicles of
obese women do not produce as much inhibin-B as those of
lean women. The highest sensitivity (81%) and specificity
(81%) were obtained at a serum level of 56 pg/ml where the
end-point was the number of oocytes collected (Ficicioglu
et al., 2003). Using 40 pg/ml as the threshold for being low
ovarian reserve, it yielded the following values: sensitivity
(87%), specificity (49%) and a positive likelihood ratio of 1.7
(Muttukrishna et al., 2005). The odds ratio for a clinical preg-
nancy (basal serum inhibin >45 versus <45 pg/ml) was 6.8 (CI
1.8–25.6) (Seifer et al., 1997).

Anti-Müllerian hormone

Anti-Müllerian hormone (AMH) is produced by the granulosa
cells of the recruited follicles until they become sensitive to
FSH (te Velde and Pearson, 2002). AMH has been identified as
a regulator of the recruitment, preventing the depletion of all
primordial follicle pool at once (Themmen, 2005). It has been
found to decline with advancing female age (de Vet et al.,
2002) and been suggested as a predictor of ovarian response
(van Rooij et al., 2002; Seifer et al., 2002; Fanchin et al.,
2003). Moreover, AMH is the only marker of ovarian reserve
that can be tested in follicular as well as luteal phase, although
the threshold levels in both phases need to be standardized.

AMH levels have been found to be two to three times higher in
PCOS women (Laven et al., 2004; Mulders et al., 2004; Piltonen
et al., 2005), making it difficult to find a threshold value for poor
ovarian reserve without a significant overlap with normal values.

In a recent study (n = 56), AMH was found to be predicting
pregnancy better than AFC and inhibin-B (PPV 67% for serum
AMH >18 pmol/l and 39% for serum AMH <18 pmol/l)
(Eldar-Geva et al., 2005). However, in a prospective rand-
omized study (n = 75) despite been shown to be the most sensi-
tive and specific indicator of ovarian response (thresholds 25
pg/l), when compared with other available tests, it did not pre-
dict pregnancy (Ficicioglu et al., 2006).

AMH may provide a useful marker of ovarian reserve in future
although more work is needed before it can be routinely used.

Dynamic tests

Another approach towards identifying ovarian reserve involves
dynamic testing. This involves taking a baseline serum sample,

stimulating the ovaries (FSH/Clomiphene/GnRH agonist) and
then retesting the serum level again for the same marker. All
the dynamic tests are more expensive, invasive and associated
with the side effects of administered stimulation regimens.

Clomiphene citrate challenge test (CCCT) involves the admin-
istration of 100 mg clomiphene citrate on days 5–9 and measure-
ment of serum FSH on days 3 and 10. An abnormal test is defined
as an abnormally high FSH on day 3 and/or on day 10. Recent
meta-analysis (Jain et al., 2004) has shown that the CCCT is no
better than basal FSH in predicting a clinical pregnancy.

Exogenous FSH ovarian reserve test (EFORT) involves the
measurement of basal FSH, estradiol and estradiol response 24 h
after a 300 IU FSH injection on day 3. The addition of the
dynamic component to the day 3 FSH concentration might be
an improvement of the predictive value of good response to
ovarian stimulation (Fanchin et al., 1994). EFORT has not
been studied for prediction of pregnancy in an IVF population.
There have been no studies on EFORT as a test of ovarian
reserve in general subfertile population.

GnRH agonist stimulation test (GAST) evaluates the estra-
diol serum concentration change from cycle day 2 to day 3
after the administration of a supraphysiological dose of a
GnRH agonist. A prompt estradiol response may be associated
with better ovarian reserve. Earlier ART studies did not show
any significant benefit in the prediction of ovarian response
(Padilla et al., 1990; Winslow et al., 1991); however, later
studies did (Ranieri et al., 1998; Hendriks et al., 2005b).
Although, when compared with the predictive accuracy and
clinical value of the day 3 AFC and inhibin-B measurement,
GAST did not perform better (Hendriks et al., 2005b). In addi-
tion, its predictive ability towards ongoing pregnancy is poor
(Hendriks et al., 2005b).

CCCT has been tested in ART as well as in a general infer-
tility population, but GAST and EFORT have not been tested
outside the ART population (Bukman and Heineman, 2001).
Hence, the results cannot be extrapolated to predict the fertility
potential of the general population.

Combination of tests

Wolff and Taylor (2004) have suggested using a triple screen
test as a model for the clinical application of day 3 FSH with or
without the inclusion of other markers of ovarian reserve.
Kline et al. (2005) produced predictive models based on chron-
ological age, ovarian volume, FSH and inhibin-B. In fecund
young women who want to defer childbearing, expanded mod-
els do not improve on the knowledge of the woman’s age alone
for predicting whether or not she would encounter problems
when later trying to conceive. For an older woman who wants
to know how long she can postpone childbearing or who is try-
ing to conceive and wants to know whether to expect difficult-
ies, the best model would have a positive predictive value
(PPV) of 79% as opposed to a PPV of 60% based on age alone.
These equations were however based on a single sample and
require validation (Kline et al., 2005). Moreover, the equation
applies to women of demonstrated fertility and needs further
testing to determine whether they are useful to women seeking
treatment for infertility.
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Combinations of various markers (AFC, AMH and inhibin-
B) have been tried, and a joint scoring system has been
developed which predicts a poor response to gonadotrophin
stimulation at best with 87% sensitivity and 80% specificity
and a positive likelihood ratio of 4.36%. However, they have
not been tested for prediction of pregnancy (Muttukrishna
et al., 2005). There are commercially available kits for testing
ovarian reserve currently available which use a combination of
FSH, AMH and inhibin-B. Further work, exploring their pre-
dictive value, in the population tested, using appropriate end-
points (such as live birth) is awaited.

Interventions in poor ovarian reserve

There are few effective interventions for women who are
expected to be poor responders. Oocyte cytoplasmic transfer
from healthy donors to the oocyte of women with diminished
ovarian reserve (FSH > 15 IU) has been tried without any signific-
ant improvement in the success rate (n = 15/18) (Opsahl et al.,
2002). Data from small studies suggest that doubling the start-
ing dose of gonadotrophins in those who are expected to be
poor responders (on the basis of a low AFC) does not improve
pregnancy rates (n = 26/26) (Klinkert et al., 2005b).

In a retrospective analysis of IVF cycles, Jurema et al.
(2003) speculated that IVF outcome may be improved by test-
ing the basal hormonal profile repeatedly in consecutive cycles
and starting IVF in the cycle in which low FSH is detected,
using a GnRH antagonist (Jurema et al., 2003). The effective-
ness of this policy remains to be proven as repeated measure-
ments of basal FSH are of no clinical value (Abdalla and
Thum, 2006).

Alternative approaches have been described for IVF treatment
in women with decreased ovarian reserve and include microdose
GnRH agonist flare protocol or other flare (Schoolcraft et al.,
1997; Surrey et al., 1998; Surrey and Schoolcraft, 2000), use
of GnRH antagonists with gonadotrophins, low dose GnRH
agonist suppression before gonadotrophin stimulation, assisted
hatching of embryos and use of estrogen or oral contraceptives
in the cycle before gonadotrophin stimulation. Unfortunately,
there are no randomized trials to compare the relative efficacy
of these approaches (Practice Committee of the American
Society for Reproductive Medicine, 2004).

Ovarian reserve—screening, diagnostic or prognostic test?

The term test refers to any method for obtaining additional
information on a patient’s health status. There are different
kinds of tests: (i) screening tests, (ii) diagnostic tests and (iii)
prognostic tests.

The attributes of a useful screening test are summarized in
Table II (Wilson and Jungner, 1968). Poor ovarian reserve does
not fulfil the criteria of a disease for which a screening pro-
gramme can be developed. We are still some distance away from
a reliable test with high sensitivity and specificity. We still lack
effective and acceptable treatments that can be used to correct
poor ovarian reserve. We are uncertain about the population to
be screened (whether this should include all women, women
with infertility or women attending for assisted reproduction).

The sensitivity and PPV of a test for any condition are
known to increase with its prevalence within the population
(Barnhart and Osheroff, 1999). Thus, the predictive value of
any test of ovarian reserve will be low in young women com-
pared with that in those who are older and present with infertil-
ity. Currently available investigations do not appear to hold
any more promise as diagnostic test. The ultimate objective of
a diagnostic test is to enable the clinician to choose an adequate
management strategy. Important features of a diagnostic test,
as it pertains to testing ovarian reserve before infertility treat-
ment, have been described by Jain et al. (2004) and are listed in
Table III. The accuracy of such a test refers to the level of
agreement between the information from the test under evalua-
tion (index test) and a reference standard (Bossuyt et al., 2004)
and may be influenced by subject characteristics such as age
and co-morbidity (Knottnerus and Muris, 2003). In subfertility,
we are dealing with a wide age range of 25–45 years. Further-
more, other contributing factors, such as endometriosis,
increased body mass index and male factor, can confound the
accuracy of the test. Unfortunately, in the case of ovarian
reserve, there is no reference standard. Outcomes in the litera-
ture include (i) response to ovarian stimulation as seen on ultra-
sound scan, (ii) dose of gonadotrophins used, (iii) numbers of
oocytes collected during IVF and (iv) pregnancy rates or (v)
live birth rates. The first three are surrogate outcomes, whereas
the last two are susceptible to treatment bias. There are diffi-
culties in comparing individual studies because of differences in
the definitions of poor ovarian reserve, population studied and
different stimulation regimens used. These factors also limit the
usefulness of these tests to prognosticate outcome (such as the
likelihood of live birth) in women presenting with subfertility.

The availability of numerous candidate tests is testament to
the fact that there is no single reliable test. Although a screen-
ing test would identify those women who are more likely to go
on to have an early ovarian failure, a diagnostic test would
identify women who currently have a poor ovarian reserve. A
prognostic test would predict which of the women diagnosed
with poor ovarian reserve should be excluded from treatment
based on poor ovarian reserve.

From Table IV, it is clear that none of the tests fulfil the cri-
teria for a good screening test as opportunistic screening or to

Table II. Criterion for a useful screening test (Wilson and Jungner, 1968)

Source: Wilson JM and Jungner YG (1968) Epidemiology and prevention. In 
Beaglehole R (ed.) Basic Epidemiology. World Health Organization, Geneva, 
1993 (Reprint 2002), p. 93.

Diagnostic test
Sensitive and specific
Safe and acceptable
Simple and cheap
Reliable

Disease
Serious
High prevalence of preclinical stage
Natural history understood
Long period between first signs and overt disease

Diagnosis and treatment
Facilities are adequate
Effective, acceptable and safe treatment available

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/21/11/2729/2939126 by guest on 10 April 2024



Should we perform tests of ovarian reserve routinely?

2733

develop a mass screening programme. Most of them will diag-
nose poor ovarian reserve, but only at the extreme ends of a
range of values. However, those extreme values are not stand-
ardized in the literature. None of the available tests can predict
who is going to get pregnant in either group (good ovarian
reserve or poor ovarian reserve). Some women may experience
ovarian ageing earlier than chronological age. Although it can
be argued that making a clear diagnosis in these women may
allow early access to ART, none of the currently available
markers of ovarian ageing are sufficiently accurate to provide a
sound basis for eligibility for ART (Baird et al., 2005).

Conclusion

Available tests for ovarian reserve do not have enough predic-
tive power to justify their routine clinical use. All the tests of
ovarian reserve described so far test oocyte quantity. Unfortu-
nately, it has not been possible to do a direct assessment of
oocyte quality (Broekmans et al., 1998). Most of the literature
on ovarian reserve is based on the ART population and cannot
be directly extrapolated to either all infertile women or the gen-
eral female population of reproductive age. Even if we were
able to diagnose or predict low ovarian reserve, we would need
to question the use of these tests in the absence of an effective
intervention (including increase in the starting dose of gonado-
trophins) to improve reproductive outcome (Bukulmez and
Arici, 2004). None of the available tests, or combination of
tests, of ovarian reserve have been shown to predict pregnancy
or live birth with sufficient accuracy. The literature emphasizes
the fact that regularly cycling women should not be excluded
from IVF on the basis of abnormal results following tests of

ovarian reserve. This makes one question the rationale for
indiscriminate testing for ovarian reserve. One of the argu-
ments supporting these tests is that they allow us to counsel
women regarding poor prognosis. The reality is that even in
women with normal ovarian reserve, the chances of IVF suc-
cess can be considered to be relatively low (live birth rate 20–
30%). At the same time, there are other factors, including age,
parity, previous treatment and the quality of treatment, which
can influence pregnancy and live birth rates. In the assisted
conception population, the first cycle of IVF still remains the
most informative test in terms of how a woman will respond to
ovarian stimulation. We may need to accept the fact that it is
futile to try to identify a suitable test of ovarian reserve until
we agree on its definition and a have a clear idea about its nat-
ural history.
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