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Objective: To assess whether antim€ullerian hormone (AMH) is a predictor of implantation and/or clinical pregnancy in women under-
going assisted reproductive technology.
Design: Systematic review and meta-analysis.
Setting: Not applicable.
Patient(s): Women undergoing IVF/intracytoplasmic sperm injection in nondonor cycles.
Intervention(s): Measurement of serum AMH level.
Main Outcome Measure(s): Diagnostic odds ratio (OR) and summary receiver operating characteristic curve (AUC) for AMH as a pre-
dictor of implantation and/or clinical pregnancy.
Result(s): A total of 525 observational studies were identified, of which 19 were selected (comprising 5,373 women). Studies reporting
clinical pregnancy rates in women with unspecified ovarian reserve (n ¼ 11), diminished ovarian reserve (DOR) (n¼ 4), and polycystic
ovary syndrome (n ¼ 4) were included, together with studies reporting implantation rates (n ¼ 4). The OR for AMH as a predictor of
implantation in women with unspecified ovarian reserve (n ¼ 1,591) was 1.83 (95% confidence interval [CI] 1.49–2.25), whereas the
AUC was 0.591 (95% CI 0.563–0.618). The OR for AMH as a predictor of clinical pregnancy in these women (n ¼ 4,324) was 2.10
(95% CI 1.82–2.41), whereas the AUC was 0.634 (95% CI 0.618–0.650). The predictive ability of AMH for pregnancy was greatest in
women with DOR (n ¼ 615), with OR and AUC of 3.96 (95% CI 2.57–6.10) and 0.696 (95% CI 0.641–0.751), respectively. In contrast,
AMH had no significant predictive ability in women with PCOS (n¼ 414), with OR and AUC of 1.18 (95% CI 0.53–2.62) and 0.600 (95%
CI 0.547–0.653), respectively.
Conclusion(s): Antim€ullerian hormone has weak association with implantation and clinical pregnancy rates in assisted reproductive
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technology but may still have some clinical utility in counseling women undergoing fertility
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ntim€ullerian hormone (AMH),
A also known as m€ullerian inhib-
iting substance (MIS), is a

member of the transforming growth
factor-b superfamily. It is produced in
the adult female exclusively by granu-
losa cells, declines with age, and is
widely considered a highly sensitive
marker of ovarian reserve (1). Anti-
m€ullerian hormone acts to suppress
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ORIGINAL ARTICLE: ASSISTED REPRODUCTION
the cyclical recruitment of primordial follicles into the pool of
growing follicles. It is primarily produced by the pool of small
and large preantral and small antral follicles, which are
believed to serve as a proxy for the number of primordial fol-
licles in the ovary (2). It has been suggested that AMH may be
the most accurate biomarker of ovarian aging and may offer
several advantages over traditional biomarkers of ovarian
reserve (3, 4). Compared with other hormonal markers of
reproductive aging, AMH begins to gradually decline earlier
in life (3, 5, 6), and its levels are not influenced by
menstrual cycle timing or pregnancy (3, 7–9). The dose–
response relationship of serum AMH with oocyte yield
during ART and its accuracy in predicting both poor and
excessive response to ovarian stimulation are well
established (1, 10). Given that serum AMH correlates
strongly with oocyte yield, one may expect AMH to also be
associated with qualitative outcomes of ovarian stimulation.
However, whereas some earlier studies have shown an
association of AMH with implantation, pregnancy, and/or
live birth after assisted conception (11–13), others have
found no association (14–17). A recent meta-analysis of
6,356 women examining the association of AMH with live
birth in women undergoing IVF showed that its predictive
accuracy for live birth is poor (18). An individual patient
data meta-analysis incorporating data on 1,008 patients
from studies until December 2009 demonstrated a weak asso-
ciation of AMH with ongoing pregnancy (19). Since this
study, however, a plethora of observational studies have
been published reporting on the association of AMH with
implantation, pregnancy, and/or live birth (20–34), but no
other meta-analysis has been conducted to evaluate the asso-
ciation of AMHwith either implantation or clinical pregnancy
after assisted conception.

A major factor likely contributing to the considerable
variation between studies of the association of AMH with
qualitative assisted reproductive technology (ART) outcomes
is the heterogeneity in individual patient populations, stimu-
lation protocols, AMH assay used, and ultrasound techniques,
as well as others. For instance, there are racial and ethnic dif-
ferences in AMH (35). Moreover, the predictive ability of AMH
for qualitative ART outcomes may be markedly different in
specific subpopulations of infertility patients. Women with
polycystic ovarian syndrome (PCOS) tend to have elevated
AMH levels, which correlate with disease severity (36) and
may not be reflective of their ovarian reserve, thus confound-
ing an association between AMH and ART outcomes. In addi-
tion, the association between AMH and ART outcomes has
been shown to be influenced by age, being markedly different
in extremes of reproductive age (37). To assess the predictive
capacity of AMH for implantation and pregnancy rates in
women undergoing ART and to provide an accurate estima-
tion of the effect size, we performed a systematic review and
meta-analysis of all eligible studies. To minimize between-
study heterogeneity, and to explore whether the predictive
ability of AMH for ART outcomes may be different in specific
subpopulations of infertility patients, we separately analyzed
studies including only women with PCOS, those including
onlywomenwith diminished ovarian reserve (DOR), and those
including women with unspecified ovarian reserve.
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MATERIALS AND METHODS
A systematic review and meta-analysis was conducted
according to the PRISMA (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analysis) guidelines (38). Formal
institutional review board approval was not required because
this analysis consists of pooling of published studies.
Eligibility Criteria

Studies were included if they met the following criteria: [1]
the study population included women of reproductive age
undergoing IVF or intracytoplasmic sperm injection (ICSI)
in nondonor cycles, with any stimulation protocol; [2] serum
AMH was measured in all study participants before ovarian
stimulation; [3] the clinical outcome of implantation and/or
clinical pregnancy was recorded for all participants; and [4]
any study design except case reports. Thus, studies referring
to follicular fluid AMH or donor oocyte programs were
excluded. In addition, studies referring to intrauterine insem-
ination were excluded, as were studies referring to live birth
rate but not clinical pregnancy rate or implantation rate.
Search and Selection Strategy and Study Quality
Assessment

The literature was searched to identify studies on the value of
AMH in predicting implantation rate and/or pregnancy rate.
A systematic search in PubMed, Medline, and Google Scholar
was performed using combinations of the following key
words: ‘‘implantation,’’ ‘‘pregnancy,’’ ‘‘live birth’’ in combina-
tion with ‘‘AMH,’’ ‘‘anti-Mullerian hormone,’’ ‘‘Mullerian
inhibiting substance,’’ ‘‘MIS,’’ ‘‘Mullerian inhibiting factor.’’
Our search included studies published up to December 2013,
and there was no language restriction. The abstracts of all
studies identified were screened by two researchers (R.T.
and D.B.S.). Any studies that could possibly be of value for
the association between AMH and implantation, pregnancy,
or other assisted conception outcomes were preselected. In
the next step, two researchers (R.T. and D.B.S.) carefully
read and judged all preselected articles independently. If a
study fulfilled the eligibility criteria, it was included in the
systematic review. If it was judged possible to construct 2 �
2 tables from the data presented in the study, in which test
result at a certain cut-off was related to implantation and/
or pregnancy outcome, the study was selected for final inclu-
sion in the meta-analysis. In a 2� 2 or contingency table, the
true-positive, true-negative, false-positive, and false-
negative test results at a certain cut-off are displayed. Any
disagreement between the two researchers was resolved
with discussion. The reference lists of the selected articles
were manually searched to identify additional potentially
relevant studies.

For each study the first author, year of publication,
number of cycles, number of patients, stimulation protocol,
mean/median age of the patients, suggested cut-off point of
AMH (converted to ng/mL using the conversion formula
ng/mL ¼ 7.14 pmol/L), AMH assay, and number of implan-
tations and/or pregnancies among the patients with serum
AMH below or above the cut-off point were extracted.
VOL. 103 NO. 1 / JANUARY 2015
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Each selected study was further scored by the researchers
(R.T. and D.B.S.) regarding the following study quality char-
acteristics: [1] data collection method (prospective or retro-
spective); [2] study design (cohort or case–control); [3]
selection bias (i.e., exclusion of cases based on criteria that
affect the ability to generalize the findings of the study [pre-
sent or absent]); [4] verification bias (i.e., using the results of
the test under study in adapting the treatment protocol to
achieve the predicted outcome, for instance pregnancy [pre-
sent or absent]); and [5] analysis upon one or multiple cycles
per couple.

Funnel plots, which plot estimates of diagnostic accu-
racy vs. sample size, were created for qualitative assessment
of the risk of publication bias and small study effect (39). A
linear regression of log diagnostic ratios on the inverse
root of effective sample sizes was performed as a quantitative
test for publication bias, where a non-zero slope coefficient
(P< .10) is suggestive of significant asymmetry and small
study bias (40).

Because this meta-analysis used only published data from
the literature, no approval from our institutional review board
was required.
FIGURE 1

Flowchart of the search and selection strategy. n¼ number of studies;
N ¼ number of study participants.
Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
Data Analysis

First, the extracted data were used to construct 2 � 2 tables,
from which sensitivity and specificity were calculated.
Sensitivity–specificity points were displayed in the receiver
operating characteristics (ROC) space (sensitivity vs.
1-specificity). Combinations of sensitivity and 1-specificity
are indicative of the test accuracy, whereby studies reporting
high accuracy for both sensitivity and specificity are located
in the upper left corner of the ROC space, and poor test results
are located close to the no distinction (y ¼ x) line. For each
outcome, pooled sensitivity and specificity and their 95%
confidence intervals (CIs) were calculated with Meta-DiSc,
which uses the normal approximation to the binomial and
an overdispersion correction (41).

The frequencies of implantations and clinical pregnan-
cies among study participants with AMH level below and
above a cut-off point were pooled using the random effects
model for binary data and provided summary estimates of
the diagnostic odds ratio (OR) and 95% CIs. The relative
weights assigned to each study in the calculation of the
pooled diagnostic OR were based on the standard error of
the natural algorithm of the OR of each study (reflecting
the study's sample size). The diagnostic OR expresses the
odds of having a positive reproductive outcome (implanta-
tion or pregnancy) in women with AMH above a certain
cut-off level (positive test result) relative to the odds of hav-
ing a positive reproductive outcome in women with AMH
below the cut-off level.

In addition, the summary ROC curves and sensitivity
and specificity of AMH for predicting implantation and
clinical pregnancy were generated by fixing a two-level
mixed logistic regression model to the sensitivity and spec-
ificity of each study (42), and a bivariate normal model for
the logit transforms of sensitivity and specificity between
studies (43). In short, the bivariate model simultaneously
VOL. 103 NO. 1 / JANUARY 2015
estimates sensitivity and specificity and incorporates the
negative correlation that may exist between sensitivity
and specificity within studies, owing to possible implicit
differences in the applied threshold between studies. When
necessary, the bivariate model uses a random approach for
both sensitivity and specificity, allowing for heterogeneity
beyond chance due to clinical or methodologic differences
between studies.

Studies with a larger number of women with a positive
reproductive outcome (implantation or pregnancy) received
more weight in the calculation of the pooled estimate of sensi-
tivity, whereas studies with a high number of women with a
negative reproductive outcome were more influential in the
pooling of specificity. For the ROC curves, the area under
the curve (AUC) was numerically calculated using trapezoids,
and its 95% CI was calculated according to the Wilcoxon sta-
tistic (44). Heterogeneity among studies was quantified by the
I-squared measure (45). Sensitivity to AMH cut-off values
was evaluated by linear regression.

The statistical analysis was conducted using MedCalc
13.1.1 (MedCalc Software), Meta-DiSc 1.4 (Ram�on y Cajal
Hospital, Madrid, Spain), and SigmPlot 12.5 (Systat
Software).

RESULTS
Systematic Review

The systematic literature search through PubMed, Medline,
and Google Scholar retrieved 525 articles. Of these, 486
were excluded on the basis of title and abstract; 41 articles
were assessed fully for eligibility (Fig. 1). Fifteen other studies
were excluded on the basis of the fully read article. Thus, 26
studies were selected for the systematic review (13–15, 17,
20–34, 37, 46–51). Nineteen of the 26 studies allowed for
2 � 2 tables to be constructed from data provided by the
article itself. Thus, a final number of 19 studies could be
121
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included for data extraction and meta-analysis. Of these, all
19 studies included data on pregnancy rate, and 4 studies
included concomitant data on implantation rate. The charac-
teristics of the studies included in the meta-analysis are listed
in Table 1 and Supplemental Table 1 (available online). From
these tables it becomes clear that all studies but three pre-
sented data for one cycle per couple and that the majority
of studies used a prospective cohort design. The definition
of clinical pregnancy outcome was not uniform. Although
most studies reported clinical pregnancy per cycle start,
four studies reported clinical pregnancy per ET (13, 28, 29,
51), and one study reported clinical pregnancy per oocyte
retrieval (32). The majority of the studies measured AMH
using the Diagnostic Systems Laboratories (DSL) assay (20,
22, 24–26, 28, 30–33, 51), five studies used the
Immunotech-Beckman Coulter (IBC) assay (14, 21, 29, 34,
46), two studies used the Beckman Coulter Generation II
assay (GenII) (23, 27), and one study used a noncommercial
AMH ELISA (13). In addition, selection bias was present in
the majority of the studies. Four studies included women
with PCOS only (27–30), defined according to the
Rotterdam criteria, whereas four studies included women
with DOR only, defined either by advanced age and/or high
FSH (26, 31–33). Of the other 11 studies, which included
women with unspecified ovarian reserve (13, 14, 20–25, 34,
46, 51), 6 studies excluded women with PCOS (14, 21, 23,
34, 46, 51), whereas 5 studies excluded women with
expected DOR (21, 23–25, 46). With respect to publication
bias, the funnel plots for clinical pregnancy rates were
symmetrical above the average value (Supplemental Fig. 1),
suggesting that smaller studies tend to report sensitivity and
specificity similar to those of larger studies. This was
confirmed by linear regression analysis for women with
unspecified ovarian reserve, DOR, and PCOS (P values of
.65, .48, and .33, respectively), indicating no publication
bias in the analysis of clinical pregnancy rates. In contrast,
the funnel plots for implantation rates visually suggested
asymmetry (Supplemental Fig. 2), which was confirmed by
linear regression analysis (P¼ .042), suggesting publication
bias. This may be due to the very small number of studies
(four) in this group.
Accuracy of AMH in Prediction of Implantation

We present data on 1,591 women undergoing ART (1,736
cycles) from four studies reporting on implantation. The
pooled diagnostic OR for AMH as a predictor of implanta-
tion was 1.83 (95% CI 1.49–2.25, P< .001) (Fig. 2A). The
estimated I-squared was 0, suggesting no heterogeneity
among the studies. The summary ROC curve is plotted in
Figure 3A. The AUC was 0.591 (95% CI 0.563–0.618). The
overall summary estimates of the above four studies were
52.2% (95% CI 48.0%–56.3%) for sensitivity and 61.1%
(95% CI 58.7%–63.4%) for specificity. However, caution is
required when interpreting the summary estimates of sensi-
tivity and specificity because the pooled studies have
different AMH thresholds (Supplemental Table 1), and these
summary estimates can vary according to the threshold
used.
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Accuracy of AMH in Prediction of Clinical
Pregnancy

We present data on 5,931 cycles (5,373 women) undergoing
ART from 19 studies reporting on clinical pregnancy
(Table 1). To minimize the between-study heterogeneity,
studies were categorized into those including only women
with DOR (n ¼ 615), those including only women with
PCOS (n ¼ 414), and those including women with unknown
ovarian reserve (n ¼ 4,324). The pooled diagnostic OR for
AMH as a predictor of clinical pregnancy in women with un-
specified ovarian reserve was 2.10 (95% CI 1.82–2.41,
P< .001) (Fig. 2B). The estimated I-squared was 0, suggesting
no heterogeneity among the studies. The AUC of the summary
ROC curve was 0.634 (95% CI 0.618–0.650) (Fig. 3B). The
overall summary estimates were 44.0% (95% CI 41.9%–

46.1%) for sensitivity and 66.5% (95% CI 64.5%–68.3%) for
specificity. In women with DOR, the pooled diagnostic OR
for AMH as a predictor of clinical pregnancy was 3.96 (95%
CI 2.57–6.10, P< .001) (Fig. 2C). The estimated I-squared
was 0, again suggesting no heterogeneity between the studies.
The AUC of the summary ROC curve was 0.696 (95% CI
0.641–0.751) (Fig. 3C), whereas the overall summary esti-
mates were 69.9% (95% CI 61.0%–77.9%) for sensitivity
and 64.7% (95% CI 60.9%–68.3%) for specificity. The pooled
diagnostic OR for women with PCOS was 1.18 (95% CI 0.53–
2.62, P< .406) (Fig. 2D). The estimated I-squared was 64.7%,
indicating moderate heterogeneity among the studies. The
summary ROC curve had AUC of 0.600 (95% CI 0.547–
0.653) (Fig. 3D), whereas the overall summary estimates
were 49.5% (95% CI 42.2%–56.7%) for sensitivity and
42.7% (95% CI 36.5%–49.2%) for specificity.
DISCUSSION
This systematic review and meta-analysis summarizes the
currently available evidence concerning the predictive ability
of AMH for implantation and clinical pregnancy in women
undergoing ART. It suggests that AMH has some association
with implantation and clinical pregnancy but that its predic-
tive ability is weak. With respect to implantation, the pooled
diagnostic OR among 1,591 women with unspecified ovarian
reserve in our analysis was 1.83, whereas the AUC of the sum-
mary ROC curve was 0.591, indicating that AMH has some
value in predicting implantation. Similarly, the pooled diag-
nostic OR for AMH as a predictor of clinical pregnancy among
4,324 women with unspecified ovarian reserve was 2.10,
whereas the AUC of the summary ROC curve was 0.634. In
women with DOR (n ¼ 615), AMH seemed to have better pre-
dictive accuracy for clinical pregnancy (pooled diagnostic OR
3.96; AUC 0.696). The findings of a recent meta-analysis by
Iliodromiti et al. (18) are consistent with our observed trend.
The authors examined the predictive ability of AMH for live
birth in women undergoing IVF and noted a better, albeit still
small, predictive accuracy in women with low expected
ovarian reserve as compared with women with unknown
ovarian reserve (diagnostic OR of 4.63 vs. 2.48, respectively).
This is an interesting observation that needs to be verified by
larger studies. Previously, we and others have reported that
the predictive ability of AMH for pregnancy or multiple birth
VOL. 103 NO. 1 / JANUARY 2015



TABLE 1

Characteristics of the studies included in the meta-analysis of clinical pregnancy rates.

Authors (y)
(reference)

Study
design Age (y)

Inclusion/
exclusion criteria

Patients
(n)

Cycles
(n)

Selection
bias

Verification
bias AMH assay

AMH cut-off
(ng/mL)

Sensitivity
(%)

Specificity
(%) Outcome

Characteristics of studies of women undergoing IVF/ICSI
Brodin et al.

(2013) (20)
Prospective

cohort
Age %42

(median 36)
Patients undergoing

IVF-ICSI treatment
were enrolled
regardless of their
levels of AMH or the
cause or duration of
infertility

892 1,230 Yes No DSL ELISA >2.94 34.4 78.5 Clinical pregnancy
per cycle start;
visualization of
GS at >7 wk

Arce et al.
(2013) (23)

Prospective
cohort

Range 21–34
(median 31)

Serum FSH between 1
and 12 IU/L; AFC
>10; BMI 18–25
kg/m2, regular
menses; Women
with PCOS,
endometriosis or
poor response in
previous cycle were
excluded

749 749 Yes No Gen II ELISA >3.22 60.0 56.6 Ongoing pregnancy
per cycle start

Anckaert et al.
(2012) (21)

Retrospective
cohort

Range 21–37
(median 30.8)

Serum FSH between 1
and 12 IU/L; BMI
18–29 kg/m2;
regular menses;
Patients with PCOS,
endometriosis stage
III/IV or partners with
severe male factor
were excluded

623 623 Yes No IBC >2.35 81.9 27.2 Ongoing pregnancy
per cycle start

Sahmay et al.
(2012) (24)

Prospective
cohort

Age <40
(mean 31.7)

FSH <15 IU/L; Women
with current or past
diseases such as
hepatic, renal,
adrenal or thyroid
were excluded

189 189 Yes No DSL ELISA >1.81 78.7 26.0 Clinical pregnancy
per cycle start;
visualization of
FHB at 7–8 wk

Grzegorczyk-
Martin et al.
(2012) (34)

Retrospective
cohort

Age %43
(mean 34.9)

Women with PCOS, one
ovary, and both FSH
R10 IU/L and AMH
>2 ng/mL were
excluded by the
authors. We further
excluded women with
FSH R10 IU/L and
AMH %2 ng/mL from
the analysis (n ¼ 54)
because these were
more likely to reflect
DOR (so n ¼ 650
included)

650 650 Yes No IBC >2.0 80.0 43.0 Clinical pregnancy
per cycle start;
visualization of
GS at 7 wk

Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
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TABLE 1

Continued.

Authors (y)
(reference)

Study
design Age (y)

Inclusion/
exclusion criteria

Patients
(n)

Cycles
(n)

Selection
bias

Verification
bias AMH assay

AMH c t-off
(ng/ L)

Sensitivity
(%)

Specificity
(%) Outcome

Irez et al.
(2011) (25)

Prospective
cohort

Age <38
(mean 30.4)

Presence of both
ovaries; Patients
with TESE or
frozen TESE were
excluded

209 209 Yes No DSL ELISA >1 86.2 29.1 Ongoing pregnancy
per cycle start

Blazar et al.
(2011) (22)

Retrospective
cohort

Range 22–44
(mean 34.9)

Single fresh IVF cycle
from each study
subject; no patients
were excluded

187 187 No No DSL ELISA >1 85.9 33.0 Ongoing pregnancy
per cycle start;
visualization of
FHB at 5–6 wk
after transfer

Lee et al.
(2009) (51)

Prospective
cohort

Mean 33.7 First IVF/ICSI cycle; the
presence of bilateral
ovaries; and the
absence of endocrine
disorders, such as
PCOS or
hyperprolactinemia

324 324 Yes No DSL ELISA >1 8 84.0 33.0 Clinical pregnancy
per embryo
transfer;
visualization of
FHB at 5 wk after
transfer

Fanchin et al.
(2007) (14)

Prospective
cohort

Range 26–41
(mean 33.6)

Both ovaries visualized;
BMI 18–25 kg/m2,
regular menses; no
current or past
diseases affecting
ovaries; no clinical
signs of
hyperandrogenism;
women with PCOS
were excluded

118 118 Yes No IBC >1 81.6 28.6 Clinical pregnancy
per cycle start;
visualization of
GS at >7 wk

Lekamge et al.
(2007) (46)

Retrospective
cohort

Range 19–41
(mean 35.3)

Patients undergoing
first IVF cycle; no
evidence of
endocrine disorders;
Women with PCOS
or FSH >10 IU/L
were excluded

126 126 Yes No IBC >1 6 71.4 50.0 Clinical pregnancy
per cycle start;
visualization of
FHB at 7–8 wk

Silberstein et al.
(2006) (13)

Retrospective
cohort

Range 23–44
(median 35)

Single fresh IVF cycle
from each study
subject

257 257 No No Noncommercial
ELISA

>2 60.4 51.4 Clinical pregnancy
per embryo
transfer;
visualization of
viable embryo
at 6 wk

Characteristics of studies of women with diminished ovarian reserve undergoing IVF/ICSI
Gleicher et al.

(2010) (26)
Retrospective

cohort
Mean 37.6 Patients with DOR as

defined by
abnormally low
age-specific AMH
and/or FSH R10 IU/L

295 507 Yes No DSL ELISA >1 5 66.7 67.7 Clinical pregnancy
per cycle start

Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.

1
2
4

V
O
L.103

N
O
.1

/JA
N
U
A
RY

2015

O
RIG

IN
A
L
A
RTIC

LE:A
SSISTED

REPRO
D
U
C
TIO

N

u
m

.4

.0

.0

.0

.9

.7

.0



TABLE 1

Continued.

Authors (y)
(reference)

Study
design Age (y)

Inclusion/
exclusion criteria

Patients
(n)

Cycles
(n)

Selection
bias

Verification
bias AMH assay

AMH cut-off
(ng/mL)

Sensitivity
(%)

Specificity
(%) Outcome

Buyuk et al.
(2011) (31)

Retrospective
cohort

Mean 37.3 All women with FSH
R10 IU/L were
enrolled

73 73 Yes No DSL ELISA >0.6 57.1 64.4 Clinical pregnancy
per cycle start

Friden et al.
(2011) (32)

Prospective
cohort

Range 39–46
(median 42)

All women aged R39
undergoing first
cycle of IVF/ICSI
treatment

127 127 Yes No DSL ELISA >1.2 60.0 75.0 Clinical pregnancy
per oocyte
retrieval;
visualization of
FHB at 7 wk

Merhi et al.
(2013) (33)

Retrospective
cohort

Age R35
(mean 40.1)

Patients with DOR as
defined by age R35
and FSH >10 IU/L

120 120 Yes No DSL ELISA >0.2 92.0 27.7 Clinical pregnancy
per cycle start;
intrauterine GS
on transvaginal
sonogram

Characteristics of studies of women with PCOS undergoing IVF/ICSI
Sahmay et al.

(2013) (30)
Prospective

cohort
Age <40

(mean 29.3)
PCOS (Rotterdam

criteria); Single fresh
IVF cycle; FSH %15
IU/L; Both ovaries
present and no
history of ovarian
surgery; Women
with current or past
systemic diseases or
hormonal therapy in
past 6 mo were
excluded

150 150 Yes No DSL ELISA >4.23 80.4 26.3 Clinical pregnancy
per cycle start;
visualization of
FHB at 7–8 wk

Xi et al.
(2012) (29)

Prospective
cohort

Age %35
(mean 28.6)

PCOS patients
(Rotterdam criteria)
without previous
IVF attempts and
normal male
spermogram

164 152 Yes No IBC >4.85 72.0 23.7 Clinical pregnancy
per embryo
transfer;
visualization of
GS at 6 wk after
transfer

Kaya et al.
(2010) (28)

Prospective
cohort

Mean 29.5 PCOS patients
(Rotterdam criteria)

60 80 Yes No DSL ELISA >2.54 81.6 33.3 Clinical pregnancy
per embryo
transfer;
visualization of
GS at 6 wk after
transfer

Aleyasin et al.
(2011) (27)

Prospective
cohort

Age <35
(mean 29.3)

PCOS patients
(Rotterdam criteria)
with normal PRL,
TSH, and normal
male spermogram

60 60 Yes No Gen II ELISA >4.8 58.3 56.3 Clinical pregnancy
per cycle start;
visualization of
GS at 6 wk

Note: FHB ¼ fetal heart beat; GS ¼ gestational sac.

Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
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FIGURE 2

(A) Forest plot of diagnostic OR for AMH as a predictor
of implantation. (B–D) Forest plots of diagnostic OR for AMH
as a predictor of clinical pregnancy in (B) women with
unspecified ovarian reserve; (C) women with DOR; and (D)
women with PCOS.
Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.

126

ORIGINAL ARTICLE: ASSISTED REPRODUCTION
outcome in IVF is age-dependent (37, 52), being stronger in
older women. This age-dependent effect on AMH predictabil-
ity may be explained by considering the age-related decline in
oocyte quantity and quality (53). In younger age there is a
large quantity of oocytes, and a high proportion of them are
genetically competent (good quality); thus, ovarian reserve
(as reflected by AMH) is not a major limiting factor for IVF
success. In contrast, older women have a diminishing number
of oocytes, and only a small proportion of them are of good
quality. In these women, greater ovarian reserve (as reflected
by higher AMH) is expected to compensate for the decline in
egg quality, resulting in a greater number of eggs after
retrieval, and subsequently a greater number of embryos to
select from, leading to better IVF pregnancy rates.

In our analysis AMH displayed a trend toward weaker
predictability of clinical pregnancy in women with PCOS
(pooled diagnostic OR 1.18, AUC 0.60) as compared with
women with unspecified ovarian reserve and women with
DOR. This weaker predictive ability of AMH for pregnancy
in women with PCOS could be explained by the close associ-
ation between AMH and the pathogenesis of this syndrome.
Women with PCOS are characterized by elevated serum
AMH levels, which have been shown to be associated with
disease severity, correlating with all of its three clinical diag-
nostic hallmarks, including polycystic ovarian morphology,
oligo/anovulation, and hyperandrogenism (54–56).
Moreover, several studies demonstrated serum AMH to have
strong predictive accuracy for PCOS and suggested its
incorporation as a diagnostic criterion for this syndrome
(57, 58). Importantly, increased AMH level in PCOS is due
largely to increased AMH production by individual follicles
rather than increased follicle number (2). This strong
correlation of AMH levels with PCOS severity and limited
correlation with follicle number may confound an
association between AMH and ovarian reserve and/or
quality, thus explaining the poor predictability of AMH for
pregnancy in women with PCOS.

Antim€ullerian hormone is considered an excellent pre-
dictor of quantitative aspects of ART, having high predictive
accuracy for ovarian response and oocyte yield after ovarian
stimulation (1, 10). Despite the known association between
greater oocyte yield and both lower miscarriage rate (59)
and increased live birth rate (60), accumulating data on
the association between AMH and qualitative ART
outcomes have been very conflicting. The results of the
current meta-analysis suggest that AMH is a weak predictor
of implantation and clinical pregnancy after ART. Our re-
sults corroborate the findings of previous individual patient
data meta-analysis of 1,008 women and meta-analysis of
6,856 women, reporting poor accuracy for AMH in predict-
ing ongoing pregnancy and live birth, respectively (18, 19).
Taken together, AMH seems to be a poor predictor of
qualitative outcomes of ART such as implantation,
pregnancy, and live birth. This suggests that other factors
than ovarian reserve (reflected by AMH) likely affect
pregnancy chances. Factors such as sperm/egg genetics
integrity, embryo quality, stimulation protocol, transfer
VOL. 103 NO. 1 / JANUARY 2015



FIGURE 3

(A) Summary ROC curve of AMH in the prediction of implantation after ART. (B–D) Summary ROC curves of AMH in the prediction of clinical
pregnancy after ART in (B) women with unspecified ovarian reserve; (C) women with DOR; and (D) women with PCOS.
Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
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technique, and endometrial receptivity may play an
important role (61).

The positive (albeit weak) association of serum AMH with
ART outcomes has been attributable by some to quantitative
aspects (i.e., the greater availability of oocytes and embryos)
and not better oocyte quality (23). However, others have
shown that serumAMH is strongly associated with pregnancy
and live births after controlling for age and oocyte yield (20).
Indeed, several studies have reported a positive association
between serum AMH and oocyte and/or embryo quality (13,
20, 25, 47, 62, 63), whereas others did not find such an
association (17, 21, 23, 46, 64–67). Embryo quality
evaluation in these studies has been largely based on
morphology, which is limited owing to its inherent inter-
and intraobserver variability and modest predictive power
for pregnancy (68). Future studies using newer and more
objective methodologies for embryo evaluation, such as
time-lapse morphokinetics (69) and genetic screening (70),
are warranted tomore accurately examine any potential asso-
ciation between AMH and embryo/oocyte quality.

Although the process of systematic literature review and
meta-analysis is a robust way of generating a more powerful
estimate of true effect size with less random error than indi-
vidual studies, it does come with limitations. First, the hetero-
geneity of the studies needs to be addressed because it may
affect the justification for pooling the data into one analysis.
In the case of the present meta-analysis, heterogeneity may
VOL. 103 NO. 1 / JANUARY 2015
have been caused by differences in study populations,
different stimulating protocols, and study quality characteris-
tics, as well as by different AMH cut-off points. However, the
statistical tests of heterogeneity were within the acceptable
range for pooling studies. Moreover, in an attempt to mini-
mize heterogeneity originating from different study popula-
tions, the studies were divided according to subpopulations,
and separate analyses were performed on women with DOR,
women with PCOS, and women with unspecified ovarian
reserve. Second, our pooled analysis did not include data
from seven eligible studies (15, 17, 37, 47–50) (overall n ¼
2289) because the data to construct a 2 � 2 table were not
extractable, which we acknowledge may have introduced
bias. The largest of these studies, by Wang et al. (37) (n ¼
1,558), showed a positive association between AMH and
clinical pregnancy, as did the studies by Hazout et al. (49)
(n ¼ 109), Kwee et al. (48) (n ¼ 110), and Wunder et al. (50)
(n ¼ 276). The other studies did not show an association
between AMH and clinical pregnancy, possibly owing to the
small sample size (Penarrubia et al. [15], n ¼ 80; Smeenk
et al. [17], n ¼ 80; Lin et al. [47], n ¼ 76). Additionally, our
funnel plots for the clinical pregnancy meta-analysis were
symmetrical above the average value, suggesting no publica-
tion bias. However, publication bias was noted in the studies
used to obtain summary statistics for implantation rates.
Another limitation was the use of different cut-off values
for AMH between studies. This prevents the identification of
127
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a single threshold for AMH that could be predictive of implan-
tation and/or pregnancy. This was overcome by constructing
a summary ROC curve, by which the effect of different cut-
offs on the sensitivity/specificity combinations becomes clear
and overall accuracy becomes apparent.

Finally, there are some limitations due to the variability in
the assay used to measure AMH levels between studies. The
studies included in our analysis reported AMH according to
the IBC, the DSL, or the Beckman Coulter GenII assay. Because
the IBC and DSL assays do not give comparable values, the
conversion formula of the DSL assay data into IBC values of
2.02� DSL¼ IBC has been previously used for data aggrega-
tion studies (71). However, despite the GenII assay being de-
signed to give equivalent values by incorporating the
antibodies used in the DSL assay but being calibrated to the
Immunotech assay, the AMH values generated with the GenII
assay have been demonstrated to be significantly lower
compared with the DSL assay (72). In addition, both the
DSL and GenII AMH assays have been shown to exhibit sig-
nificant within-subjects sample variability, likely related to
the instability of AMH under certain storage and assay condi-
tions (73). Therefore, the different AMH assays with the cur-
rent calibration concerns may be a source of significant
heterogeneity in our pooled analysis.

In conclusion, although AMH is generally accepted to be
an excellent predictor of ovarian response, the current sys-
tematic review and meta-analysis suggests that AMH has
some association with implantation and clinical pregnancy
chances after ART but is a generally weak predictor of these
outcomes. Thus, AMHmay have some clinical utility in coun-
seling women undergoing fertility treatment regarding their
pregnancy rates, particularly for those with DOR.
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SUPPLEMENTAL FIGURE 1

Funnel plots for assessment of publication bias. All plots are symmetrical about the average value, suggesting that smaller studies tend to report
sensitivity and specificity similar to those for larger studies.
Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.

Fertility and Sterility®
VOL. 103 NO. 1 / JANUARY 2015 130.e1



SUPPLEMENTAL FIGURE 2

Funnel plots for assessment of publication bias. The plot visually demonstrates asymmetry, which was confirmed by the statistical test for
asymmetry.
Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
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SUPPLEMENTAL TABLE 1

Characteristics of the studies included in the meta-analysis of implantation rates.

Authors (y)
(reference) Study design Age (y) Inclusion/exclusion criteria

Patients
(n)

Cycles
(n)

Selection
bias

Verification
bias AMH assay

AMH cut-off
(ng/mL)

Sensitivity
(%)

Specificity
(%) Outcome

Brodin et al.
(2013) (20)

Prospective
cohort

Age %42
(median 36)

Patients undergoing IVF-ICSI
treatment were enrolled
regardless of their levels of
AMH or the cause or
duration of infertility

892 1,037 Yes No DSL ELISA >2.94 35.4 78.4 No. of GS at >7 wk per
embryo transferred

Lee et al.
(2009) (51)

Prospective
cohort

Mean 33.7 First IVF/ICSI cycle; the presence
of bilateral ovaries; and the
absence of endocrine
disorders, such as PCOS or
hyperprolactinemia

324 324 Yes No DSL ELISA >1.08 77.4 25.7 No. of GS per embryo
transferred

Fanchin et al.
(2007) (14)

Prospective
cohort

Range 26–41
(mean 33.6)

Both ovaries visualized; BMI
18–25 kg/m2, regular
menses; no current or past
diseases affecting ovaries;
no clinical signs of
hyperandrogenism; women
with PCOS were excluded

118 118 Yes No IBC >1.0 81.6 28.6 No. of GS at >7 wk per
embryo transferred

Silberstein et al.
(2006) (13)

Retrospective
cohort

Range 23–44
(median 35)

Single fresh IVF cycle from each
study subject

257 257 No No Noncommercial
ELISA

>2.7 65.1 50.8 No. of GS at 4 wk per
embryo transferred

Note: GS ¼ gestational sac.

Tal. AMH as predictor of implantation and pregnancy. Fertil Steril 2015.
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