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Borderline test result prompts referral
A 36-year-old nulliparous woman is seen in your offi ce 
for evaluation after 6 months of infertility. She is ovula-
tory, and has been using an ovulation-prediction kit to time 
intercourse. You learn that she had Chlamydia trachomatis 
infection in the distant past, but elicit no other signifi cant 
medical or surgical history. She reports that she smoked 
approximately one pack of cigarettes a day for 15 years 
but gave up smoking 5 years ago.
 You order a hysterosalpingogram, followed by day 3 
testing of follicle-stimulating hormone (FSH). The hystero-
salpingogram is normal; the FSH level is 7.5 mIU/mL and 
the estradiol level is 30 pg/mL—both in the normal range. 
 The patient asks for testing of anti-Müllerian hor-
mone (AMH; also known as Müllerian-inhibiting substance) 
because she has read that it is a new marker of fertility. 
The result is 0.5 ng/mL, a borderline value. After reviewing 
these results, you refer her to a reproductive endocrinolo-
gist for further management.
 Was the test for AMH indicated? And is this referral 
appropriate?

T
he referral is entirely appropriate, even though the 
patient has not been trying to conceive for a full 
year. Why? Th e AMH value suggests that her ovarian 

reserve is in early decline. She would benefi t from evalua-
tion by a subspecialist who can review the entire spectrum 
of treatments, including aggressive options such as ovula-
tion induction and in vitro fertilization (IVF), to optimize 
her reproductive success.

CASE

 Several tests of ovarian reserve are at your disposal. The help 

is welcome—but they’re not equally informative or reliable.

6 offi ce tests to assess ovarian
reserve, and what they tell you
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Ovarian reserve

6 tests to assess ovarian reserve in the offi ceTh is article reviews the various biomark-
ers available to assess ovarian reserve in 
women who experience infertility:
•  day 3 (basal) FSH
• clomiphene citrate challenge
•  gonadotropin-releasing hormone (GnRH) 

agonist stimulation
• inhibin-B
• antral follicle count (AFC)
• AMH. 

Th e AFC and AMH tend to detect the 
earliest changes in ovarian reserve, followed, 
sequentially, by inhibin-B, the clomiphene 
citrate challenge test (CCCT), and basal 
FSH.

Th e tests we describe are used primar-
ily to assess treatment prognosis in infertile 
women. In time, however, appropriate popu-
lation screening of ovarian reserve may be 
feasible to provide many more women with 
information about their reproductive poten-
tial and help them shape their life plan. 

What makes a test valuable?
Ovarian reserve describes a woman’s repro-
ductive potential—specifi cally, the number 
and quality of oocytes she possesses.1 Bio-
chemical tests of ovarian reserve emerged 
during the rise of assisted reproductive tech-
nologies (ART) in the late 1980s to predict 
both responsiveness to superovulation drugs 
and the odds of pregnancy with treatment. 

Ideally, a test that assesses ovarian re-
serve should be aff ordable, straightforward, 
rapidly interpretable, and minimally inva-
sive. It also should be able to detect changes 
that begin early in reproductive life. To be 
applicable to large populations of reproduc-
tive-age women, it should be of use anytime 
in the menstrual cycle, and should provide 
reproducible and highly accurate assessment 
of the reproductive aging process.

Our ability to off er tests that accurately 
measure ovarian reserve has a signifi cant im-
pact on women at risk of infertility and early 
menopause and on those who choose to de-
lay childbearing for personal (nonmedical) 
reasons. Th ese tests have become increas-
ingly relevant because women are choosing 
to have their fi rst child at a later age than 

their counterparts did 20 years ago: 
•  In 1980, 40% of women having their fi rst 

baby were younger than 25 years, and only 
5% were older than 35 

•  In 2000, 25% of women were younger than 
25 when their fi rst child was born, and 15% 
were older than 35.

Who should be tested?
Ovarian reserve is a complex clinical phe-
nomenon that is infl uenced by age, genetics, 
and environmental variables. Th e decline in 
a woman’s ovarian reserve over time is irre-
versible; the trajectory of this decline is fun-
damental to the odds of fertility with age and 
the timing of the menopausal transition. At 
present, the markers used most often in clin-
ical practice have some utility but also suff er 
from several drawbacks (TABLE, page 32). 

For the general practitioner performing 
an infertility evaluation, we recommend fo-
cusing on the following groups of women for 
ovarian reserve testing:
• women over 30 years of age
•  women with a history of exposure to a con-

fi rmed gonadotoxin, i.e., tobacco smoke, 
chemotherapy, radiation therapy

•  women with a strong family history of early 
menopause or premature ovarian failure

•  women who have had extensive ovarian 
surgery, i.e., cystectomy and unilateral oo-
phorectomy.

Testing tends to have the highest yield 
in these groups. Women who have abnormal 
results should be referred to a reproductive 
endocrinologist for further evaluation and 
treatment. 

Th e six tests are described below.

1 | Basal FSH—widely used but 
only moderately informative
Day 3 FSH and the CCCT are the most wide-
ly used measures of ovarian reserve in ART 
practice. Th e use of early follicular-phase FSH 
as a marker of ovarian reserve and fertility was 
proposed 20 years ago with the emergence 
of IVF.2–4 Th e test is an indirect assessment of 
ovarian reserve in that it measures pituitary 
production of FSH in response to feedback 

Ovarian reserve 
is infl uenced by 
age, genetics, and 
environmental 
variables
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Test (year 
described) Timing

Intracycle 
and intercycle 
variability

Sensitivity 
(specifi city)

Refl ects 
changes

 in ovarian 
reserve Normal levels Confounders 

Out-of-
pocket 

cost

Basal 

follicle-

stimulating 

hormone 

(FSH) (1988)

Day 3 of 

menstrual 

cycle

Clinically 

signifi cant

7%–8% 

(98%–99%)

Late •  Early follicular 

phase FSH level 

<10 mIU/mL

•  Estradiol level 

<80 pg/mL

•  High estradiol level 

(decreases)

•  Oral contraceptive 

use (decreases)

•  Pregnancy 

(decreases)

$125–

$150

Clomiphene 

citrate 

challenge 

test (1989)

Days 3 

and 10 of 

menstrual 

cycle

Clinically 

signifi cant

25%–40% 

(98%–99%)

Late •  Day 3 FSH level 

<10 mIU/mL; 

day 3 estradiol 

level <80 pg/mL

•  Day 10 FSH level 

<10 mIU/mL

•  High day 3 

estradiol level 

(decreases day 

3 FSH)

•  Low day 10 

estradiol (increases 

day 10 FSH)

•  Oral contraceptive 

use (decreases)

•  Pregnancy 

(decreases)

$550–

$600

GnRH agonist 

(1988)

Early 

follicular 

phase of 

menstrual 

cycle

Clinically 

signifi cant

32%–89% 

(79%–97%)

Late Variable •  Oral contracep-

tives (decrease 

estradiol levels)

•  Pregnancy 

(increases estro-

gens)

$300–

$350

Inhibin-B 

(1997)

Early fol-

licular phase 

of menstrual 

cycle

Clinically 

signifi cant

33%–81% 

(29%–95%)

Early Variable in the 

literature; normal 

cutoffs range from 

≥45–80 pg/mL

•  Obesity 

(decreases)

• PCOS (increases)

•  Exogenous FSH 

administration 

(increases)

•  Oral contraceptive 

use (decreases)

$150–

$200

Antral 

follicle count 

(1997)

Early fol-

licular phase 

of menstrual 

cycle

Clinically 

signifi cant 

(includes 

interobserver 

variability)

8%–60% 

(33%–96%)

Earliest ≥5–10 total antral 

follicles

•  Oral contraceptive 

use (decreases)

•  Polycystic ovary 

syndrome (PCOS) 

(increases)

$300–

$500

Anti-Müllerian 

hormone/ 

Müllerian-

inhibiting 

substance 

(2002)

At any time; 

not cycle-

dependent

Minimal 49%–76% 

(89%–94%)

Earliest >0.7 ng/mL • PCOS (increases)

•  Obesity 

(decreases)

•  Exogenous FSH 

administration 

(decreases)

$150–

$400

 How six markers of ovarian reserve stack up TABLE
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from ovarian hormones. Estradiol and inhib-
in-B reach a nadir early in the menstrual cy-
cle; measuring FSH on day 3 off ers a glimpse 
of the functioning of the hypothalamic–pitu-
itary–ovarian axis before ovarian hormone 
levels rise later in the cycle (FIGURE 1).5,6

Women who have normal ovarian reserve 
have suffi  cient ovarian hormone production 
early in the menstrual cycle to maintain FSH 
levels within the normal range. Conversely, a 
“monotropic” elevation in FSH—one that is 
unaccompanied by a rise in luteinizing hor-
mone (LH)—refl ects poor hormone produc-
tion from an aging pool of ovarian follicles 
and disinhibition of FSH production.5,6

FSH measurements are typically com-
bined with estradiol to enhance the sensitiv-
ity of testing (FIGURE 2, page 34). Premature 
elevations of estradiol early in the follicu-
lar phase are driven by rising FSH levels in 
women with declining ovarian reserve. Ab-
normally elevated estrogen levels then feed 
back negatively on pituitary production of 
FSH and mask an elevation that might oth-
erwise reveal diminished ovarian reserve. 
Measurement of both FSH and estradiol on 
cycle day 3 may therefore help decrease the 
incidence of false-negative testing. 

Commonly cited criteria for normal 
ovarian reserve are:
•  early follicular phase FSH <10 mIU/mL
•  estradiol <80 pg/mL.1

It is extremely important to note, how-
ever, that these are general guidelines and 
that cutoff s are both laboratory- and prac-
tice-specifi c.

2 | Clomiphene citrate—more 
sensitive than FSH testing
Like basal FSH testing, the CCCT is an indi-
rect assessment of ovarian reserve. Unlike 
FSH testing, the CCCT is provocative. It in-
volves administration of 100 mg of clomi-
phene citrate (Clomid) on days 5 through 9 
of the menstrual cycle, with FSH and estra-
diol measured on days 3 and 10. Once clo-
miphene citrate is administered, FSH and 
LH levels rise, followed by an increase in es-
tradiol and inhibin. Evidence suggests that 

the smaller follicular cohorts in women with 
diminished ovarian reserve produce less 
inhibin-B and estradiol and, therefore, less 
negative feedback on clomiphene-induced 
pituitary FSH release.6,7 Th e result: persistent 
elevation of the day 10 FSH value and a posi-
tive screen for diminished ovarian reserve. 

In some women, day 10 FSH is elevated 
even after a normal day 3 value. Th is makes 
the CCCT more sensitive than basal FSH 
testing; it can identify women who might go 
unrecognized if evaluated by day 3 FSH and 
estradiol levels alone.

More expensive and labor-intensive 
than the alternatives 
Interpretation of the CCCT requires that FSH 
and estradiol both be assessed on days 3 and 
10. An elevated FSH (≥10 mIU/mL) on either 
day indicates diminished ovarian reserve. 
As with basal FSH testing, elevated estradiol 
(≥80 pg/mL) on day 3 is considered abnor-
mal. Th e day 10 estradiol value of the CCCT 
refl ects whether or not clomiphene citrate 
was administered appropriately, and should 
be elevated. However, the signifi cance of the 
day 10 estradiol level has been debated with 
respect to its predictive value for pregnancy 
in infertile populations.8

Th e addition of day 10 FSH assessment 
improves the sensitivity of the CCCT over 

Hypothalamus

Pituitary

Ovary

Estradiol, Inhibin-B

   The HPO axis FIGURE 1

GnRH

LH, FSH

The FSH level opens a window onto the function of

the hypothalamic–pituitary–ovarian axis before ovarian 

hormone levels rise in the cycle.

Commonly cited 
criteria for normal 
ovarian reserve are:
•   early follicular

phase FSH, 
<10 mIU/mL

•  estradiol, 
<80 pg/mL
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6 tests to assess ovarian reserve in the offi ce

basal FSH measurement, but makes it a more 
expensive and labor-intensive test (TABLE, 
page 32).5,6 Th e CCCT involves administration 
of clomiphene citrate, a safe drug (though it 
can have side eff ects), and two blood draws 
instead of one. Nevertheless, both tests are 
relatively noninvasive, rapid measures of 
ovarian reserve. 

Drawbacks of the tests
Both basal FSH testing and the CCCT are 
widely used, although support for their abil-
ity to predict ovarian reserve in the infertile 
population has been challenged recently. 
Newer data demonstrate that these tests are 
limited in their ability to predict outcome 

(pregnancy and response to superovulation 
drugs) in all but a narrow group of patients 
undergoing IVF. Performance is particularly 
limited in:
•  young women 
•  women in the general infertility popula-

tion who are not utilizing IVF.9–13

Additional drawbacks of basal FSH test-
ing and the CCCT include:
•  signifi cant variability of test results from 

cycle to cycle (intercycle variability)
•  limited time frame within which the tests 

can be performed (intracycle variability).
Th e basal FSH test and CCCT have high 

specifi city (98% to 99% for each) as an assess-
ment of reproductive performance in infer-
tile women and generate few false-positive 
results.5,6 However, the high screen cutoff s 
that allow for such specifi city come at a price: 
Few women will screen positive, and sensi-
tivity of the tests is low (between 7% and 8% 
for basal FSH and between 25% and 40% for 
the CCCT). Such low sensitivity means that 
many women will not conceive after infertil-
ity treatment despite a normal test result.5,11 
Overall, the tests are not highly informative 
for many women who get tested.

Once abnormal, normal results 
are meaningless
Once an FSH level or the CCCT has ever been 
abnormal, the patient has diminished ovar-
ian reserve; normal values in subsequent 
menstrual cycles do not improve the odds of 
pregnancy with treatment.14 Th is fact can be 
a signifi cant source of confusion and frustra-
tion for patients. 

3 | GnRH agonist stimulation 
—no better than FSH testing
Th is test was developed in the search for a 
very sensitive assessment of ovarian reserve. 
It was designed to uncover subtle abnor-
malities in pituitary and ovarian dynamics. 
It involves administering a gonadotropin-
releasing hormone (GnRH) agonist such as 
leuprolide acetate (Lupron) on day 2 or 3 of 
the menstrual cycle and measuring pituitary 
and ovarian hormone responses.5,15

How 17ß-estradiol and follicle-stimulating hormone levels vary over 

the menstrual cycle (top) and a woman’s lifetime (bottom).
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CONTINUED ON PAGE 37
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One group of investigators demonstrated 
a correlation between stimulated estradiol 
levels and responsiveness during IVF,16 but 
other studies have shown that the test does 
not perform signifi cantly better than day 3 
FSH in predicting ovarian reserve.17,18 

Th e sensitivity of GnRH agonist test-
ing for pregnancy is moderate (32% to 89%); 
specifi city ranges from 79% to 97%.19 

4 | Inhibin-B—not helpful 
when used alone
Th is glycoprotein hormone produced by gran-
ulosa cells of developing follicles is a direct 
measure of ovarian reserve when assessed in 
the early follicular phase of the menstrual cy-
cle.20 Women treated with IVF who have a low 
inhibin-B level—particularly when using cut-
off s below the range of 45–80 pg/mL—have 
been shown to respond poorly to superovu-
lation and have a lower pregnancy rate than 
women with high inhibin-B.21,22 One group 
of investigators demonstrated that women 
with clinical evidence of diminished ovarian 
reserve but a normal FSH level also had low 
inhibin-B production, suggesting that it may 
be a more sensitive marker than FSH.22

Inhibin-B testing involves a simple blood 
draw. However, the test has been incorporat-
ed into clinical assessment of ovarian reserve 
only to a limited degree, due to the lack of re-
liable assays and controversy concerning its 
prognostic value.23 

Because of these limitations, routine 
testing of serum inhibin-B in isolation of 
other markers of ovarian reserve is not rec-
ommended.

5 | Antral follicle count—good 
predictor of IVF outcome
Transvaginal ultrasonographic determina-
tion of the number of ovarian follicles that 
measure between 2 mm and 10 mm in diam-
eter in the early follicular phase of the cycle 
yields the AFC. As a direct marker of the co-
hort of growing follicles in the early men-
strual cycle, the AFC is believed to correlate 
strongly with the number of primordial folli-

cles present in the ovary and, therefore, ovar-
ian reserve. Total AFCs of less than 5 to 10 are 
suggestive of diminished ovarian  reserve.24,25

In IVF cycles, AFC has proven to be an 
accurate predictor of number of oocytes re-
trieved, risk of cycle cancellation, and odds of 
conception.24,25 Some investigators have even 
suggested that, compared with other markers 
of ovarian reserve, AFC is the best indepen-
dent predictor of outcome in IVF cycles.7,26–27

In a group of normally cycling women 
with proven fertility, AFC also showed a 
strong correlation with age, declining slowly 
until age 37 and more rapidly thereafter.28,29 

AFC sensitivity for pregnancy is moder-
ate and varies widely in published reports 
(8% to 60%), whereas specifi city tends to be 
higher (33% to 96%).19 

Drawbacks of AFC
•  Because of the need to perform transvagi-

nal ultrasonography, AFC is a more inva-
sive and often more expensive test than 
hormonal biomarkers 

•  Accurate assessment of AFC requires an 
experienced sonographer and can be lim-
ited in patients who have had pelvic sur-
gery or uterine fi broids and in those who 
are obese

•  Moderate interobserver and intercycle 
variability of AFC determinations limits its 
reproducibility29,30 

•  As with basal FSH measurement, the inter-
cycle variability of AFC does not correlate 
well with IVF outcome in individual pa-
tients.30

6 | Anti-Müllerian hormone—
many advantages
Th e drawbacks of the tests just described—
e.g., intercycle variability, lack of uniform 
cutoff s, and limited ability to predict IVF 
outcomes—make the development of more 
reliable measures of ovarian reserve a prior-
ity in reproductive medicine. AMH is a highly 
promising marker that appears to have many 
advantages over other tests and may have 
the greatest power to predict ovarian aging in 
women of reproductive age.

Ovarian reserve

CONTINUED ON PAGE 38

An accurate 
antral follicle 
count requires 
an experienced 
sonographer and 
can be limited 
by fi broids or 
obesity
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How it works
AMH is a glycoprotein growth factor and a 
member of the transforming growth factor-
ß superfamily.31 It is primarily produced by 
the pool of early-growing follicles, which are 
believed to serve as a proxy for the number 
of primordial follicles in the ovary. Th e num-
ber of primordial follicles at a given point in 
time represents the ovarian reserve. AMH 
levels above 0.7 ng/mL are considered nor-
mal; values between 0.3 ng/mL and 0.7 ng/
mL are consistent with borderline ovarian 
reserve, according to 2007 data from Repro-
source Corp. 

AMH has been studied as a marker of 
ovarian reserve for 6 years, with multiple re-
ports describing declines in levels with age 
and with diminishing oocyte numbers. It is 
undetectable at menopause.32 

Th e age-related decline in AMH is grad-
ual but measurable even in young women, 
consistently preceding changes in other 
markers of ovarian reserve such as FSH and 
inhibin-B.32–35 Th e longitudinal changes in 
AMH have been demonstrated in ovulatory 
premenopausal women and healthy volun-
teers with proven fertility.33,34 In one series 
of women followed over a mean of 4 years 
(ages 25 to 46), AMH testing was superior to 
day 3 FSH, inhibin-B, and AFC in its ability to 
predict the onset of cycle irregularity and the 
menopausal transition.33

Does it predict oocyte quality?
AMH has performed well as a biomarker, 
comparable in most series to AFC and su-
perior to FSH. AMH levels are strongly cor-
related with the number of oocytes retrieved 
during IVF and the odds of cycle cancellation 
due to poor response35–41—but does it accu-
rately characterize oocyte quality, the other 
element of ovarian reserve? 

Some reports have shown a strong asso-
ciation between AMH levels and surrogates 
of oocyte quality, including fertilization, oo-
cyte morphology, embryo quality, and preg-
nancy and miscarriage rates,36–41 but others 
have not.42 Some reports demonstrate a rela-
tionship between AMH and some but not all 
surrogate markers of oocyte quality.40 

Advantages of AMH
•  It demonstrates minimal intracycle vari-

ability.32,43–45 Compared with other mark-
ers of ovarian reserve, which must be 
measured early in the follicular phase of 
the menstrual cycle, AMH can be assessed 
at random times, making it a more conve-
nient method for patients and physicians 

•  It demonstrates minimal intercycle vari-
ability32,34

•  AMH levels are not signifi cantly aff ected by 
the hormonal changes of pregnancy, oral 
contraceptive use, or GnRH treatment, and 
can be measured in these settings.46,47

Ovarian reserve declines with age, but not uniformly

A normal female is born with 1 mil-
lion to 2 million oocytes, a number 
that declines continuously, primar-
ily through the process of follicular 
atresia. By the onset of puberty, the 
number of oocytes has declined to 
approximately 300,000. As a woman 
enters her late 30s, when the total 
number of oocytes is approximately 
25,000, the pace of oocyte depletion 
begins to increase, as does the rate of 
spontaneous miscarriage.1,55,56

 The effect of age on fertility is be-
lieved to arise from changes in both 
oocyte number and quality. Multiple 
investigators have found a greater 
frequency of cellular abnormalities in 
oocytes from older women.1,2,5,15,57

 Although ovarian reserve declines 
with age in all women, women of 
similar ages can have very different 
degrees of ovarian reserve, and some 
women who have very poor ovarian 
reserve may never conceive, despite 

aggressive fertility treatment. 
 The biologic basis for differences 
in ovarian reserve among similar 
groups of women is not completely 
understood, but is probably rooted in 
genetic, lifestyle, and environmental 
factors that affect granulosa cell and 
oocyte function. Identifying sensitive 
biomarkers that can determine ovar-
ian reserve independent of age is 
critical to predict fertility and age at 
menopause.5

The age-related 
decline in AMH 
is gradual but 
measurable even 
in young women
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Utility of AMH is limited in 
PCOS and obesity
Th e ability to use AMH as a marker of ovar-
ian aging in women who have polycystic 
ovary syndrome (PCOS) and in women who 
are obese may be limited by the ovulatory 
dysfunction in these populations. Circulat-
ing levels of AMH are higher in women with 
PCOS than in unaff ected women, a fi nding 
thought to be indicative of oligo-ovulation 
and poor follicular development in polycys-
tic ovaries.48–53

In a recent series investigating AMH 
levels in women with PCOS, AMH and the 
degree of insulin resistance were positively 
correlated, and the AMH level was negatively 
correlated with the number of menses in a 
year.49 Th e consistently positive correlation 
between AMH and PCOS may suggest a fu-
ture role for this marker as a diagnostic tool.

In obese women who do not have PCOS, 
AMH production may be lower than in women 
of normal weight. In a recent series, normally 
cycling obese women in the later reproduc-

tive years were shown to have an AMH level 
70% lower than those in women who were not 
obese.54 Th ese diff erences have not been well 
studied in younger obese women.

Which test is best?
AMH may be preferable to the other tests 
to assess ovarian reserve because it can be 
measured any time during the menstrual 
cycle or between cycles. AMH measurement 
is also useful if a woman is taking oral contra-
ceptives or leuprolide acetate because these 
medications may confound the results of the 
other test methods. In addition, AMH may 
be the earliest indicator of decline in ovar-
ian reproductive function. As such, it may 
highlight cases that merit a search for other 
causes of infertility and make it possible to 
treat them in a timely manner.

Elevated AMH may reveal occult PCOS 
and warn of signifi cant risk of ovarian hyper-
stimulation prior to ovulation induction with 
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