
Int J Clin Exp Med 2015;8(2):1755-1767
www.ijcem.com /ISSN:1940-5901/IJCEM0003172

Original Article
The role of serum AMH and FF AMH in predicting  
pregnancy outcome in the fresh cycle of  
IVF/ICSI: a meta-analysis

Lingnv Yao1, Wei Zhang1, Hong Li2, Wenqin Lin1

1Reproductive Medcine Center, First Affiliated Hospital of Zhejiang University, School of Medicine, China; 
2Department of Hepatobiliary & Pancreatic Surgery, First Affiliated Hospital, Zhejiang University School of 
Medicine, China

Received October 15, 2014; Accepted January 5, 2015; Epub February 15, 2015; Published February 28, 2015

Abstract: Purpose: This meta-analysis tries to find and confirm the true prognostic value of serum AMH and the fol-
licle fluid AMH (FF AMH) on the outcome of ART. Method: We identified all studies published by March 2014 with 
data related to in vitro fertilization”, “intracytoplasmic sperm injection”, “assisted reproductive technology” and “an-
timullerian hormone” in Pubmed database. Studies were included if 2 × 2 tables for outcomes of pregnancy in IVF 
patients in relation to AMH could be constructed or studies which used T-tests to compare clinical indexes including 
AMH in pregnant and non-pregnant women. And all the patients were less than 46 years old. Results: A total of 26 
studies could be used for this meta-analysis. Of these articles 22 studies could be constructed 2 × 2 tables, with 
15 for predicting pregnancy and 7 for non-pregnancy. 11 studies used the analysis of T-test, with 7 articles were 
duplicated. And of the 11 articles, 8 were for the analysis of serum AMH in prediction of pregnancy, 3 were for FF 
AMH. Because of heterogeneity among studies, calculation of a summary point estimate for sensitivity and specific-
ity was not possible. For the analysis of serum AMH on non-pregnancy, the heterogeneity was moderate (I-squared 
of 65.9%), the curves indicated positive find (the AUROC is 0.73, 95% CI is 0.69-0.77.). In the T-test group of serum 
AMH, the DOR for women with pregnancy outcome was 0.232 (95% confidence interval (CI): 0.034-0.43), with less 
heterogeneity (I-squared of 45.1%). Unfortunately, the predictive value of FF AMH on pregnancy is still unclear be-
cause of large heterogeneity (I-squared of 90.5%). Conclusion: Serum AMH, as an independent parameter, can pre-
dict pregnancy outcome after assisted conception and the positive correlation with serum AMH and non-pregnancy 
should not be ignored either. The predictive value of FF AMH on pregnancy is still unclear. 
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Introduction

According to WHO, infertility will become the 
third disease following tumor and cardiovascu-
lar disease. In recent years, as the global 
human fertility decreased, which may be 
caused by the quick pace of life, environmental 
pollution, the change of diet structure and 
increasing giving birth age of woman, many 
couples need to get pregnancy with the help of 
assisted reproductive technology. Considering 
the high cost and the possible complications of 
ART, exploring some parameters which could 
predict the outcome of ART is of great value, 
the uncertainty of the outcome of ART proce-
dures can also be minimized. Although some 
evidences show that age is the primary deter-
minant of in vitro fertilization (IVF) success [1, 

2], the relationship between a woman’s chrono-
logical age and her reproductive capacity is 
highly variable [3]. In addition, some traditional 
parameters including biochemical and ultraso-
nographic markers such as FSH, estradiol (E2), 
inhibin B (INH-B), antral follicle count (AFC), and 
ovarian volumes, have been proved to have 
their own limits. The biochemical values are 
usually influenced by the menstrual cycle and 
have limited use for predicting poor and high 
responders. And the accuracy of ultrasono-
graphic markers are usually affected by interob-
server variation [4-7]. 

Anti-Müllerian hormone (AMH), a dimeric glyco-
protein belonging to the transforming growth 
factor-β (TGF-β) family, is produced by fetal 
Sertoli cells at the time of testicular differentia-
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tion, and induces regression of the Mullerian 
ducts. In women, it is secreted by granulosa 
cells within preantral and early antral follicles, 
< 6 mm in diameter [8]. AMH is barely detect-
able at birth, and its level peaks at puberty and 
steadily decreases until menopause when its 
level becomes undetectable [9]. Recently, AMH 
was studied as a new marker in ART areas. The 
results of some studies suggested that AMH 
was an accurate marker for the occurrence of 
poor response to ovarian hyperstimulation with 
gonadotropins in IVF [10, 11]. Whereas the vast 
majority of studies have found that AMH is a 
superior marker to parameters such as age, 
day-3 FSH, estradiol or inhibin B levels for pre-
dicting ovarian response, and its predictive 
value was similar to antral follicle count [12]. 
Furthermore, several studies have revealed sig-
nificant positive correlation between AMH con-
centrations and pregnancy rate [13], ongoing 
pregnancy rate [14] and live birth rate [15-17]. 

However the results from the other studies [18, 
19] indicated that the predictive value for 
serum AMH in relation to clinical pregnancy 
rate, ongoing pregnancy rate and live birth rate 
is controversial [20-22]. There are some stud-
ies compare serum AMH and follicle fluid AMH 
(FF AMH) on the predictive value of pregnancy 
rate, and the results are variable [23-25]. Wen-
Qin Lin [25] etal found that AMH parameters 
were correlated with good quality embryos and 
blastocysts, but only FF AMH showed a signifi-
cant correlation with LBR and CPR. Yukio 
Hattori [24] concluded that elevated AMH lev-
els in either the serum or follicular fluid 
appeared to be predictive of clinical pregn- 
ancy. 

The present review focuses on the role of AMH 
in the prediction of outcome of IVF/ICSI treat-
ment in the infertile couples of child-bearing 
age, tries to confirm the prognostic value of 
serum AMH on the outcome of ART, and assess-

Figure 1. Flow chart of study selection in review of the effect of AMH on prediction of the outcome of IVF/ICSI.
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Table 1. Characteristics of the included studies for meta-analysis
Group 1
author year country design region Measurement COH cases Preg Non
Elgindy EA [47] 2008 Egypt prospective Africa Beckman-Coulter long luteal 29 12 17

Sahmay S [48] 2013 Turkey prospective Asia DSL-ELISA long luteal 150 51 99

Kaya C [45] 2010 Turkey prospective Asia DSL-ELISA long luteal 80 38 42

Lin WQ [25] 2013 china prospective Asia Beckman-Coulter long luteal 76 47 29

Xi W [49] 2012 china prospective Asia Beckman-Coulter long luteal 164 93 71

Irez T [50] 2011 Turkey prospective Asia DSL-ELISA long luteal 209 58 151

Choi MH [13] 2011 Korea prospective Asia Beckman-Coulter all 360 101 259

Capkin SI [51] 2012 Turkey prospective Asia DSL-ELISA long luteal 43 14 29

Penarrubia J [27] 2005 Spain prospective Europe Immunotech-Coulter all 60 27 33

Gnoth C [52] 2008 Germany prospective Europe DSL-ELISA long luteal 119 56 63

Nisan BA [53] 2012 UK retrospective Europe DSL-ELISA long luteal 820 267 553

Arce JC [54] 2013 UK prospective Europe Beckman-Coulter all 749 208 541

Reichman DE [55] 2014 America retrospective North America Beckman-Coulter all 2060 936 1124

Barad DH [56] 2009 America prospective North America DSL-ELISA long luteal 76 21 55

Brodin T [57] 2013 America prospective North America DSL-ELISA long luteal 1230 337 893

Group 2
author year country design region Measurement COH cases Preg Non
Honnma H [14] 2013 Japan retrospective Asia Beckman-Coulter all 1043 317 726

Smeenk JM [58] 2007 The Netherlands prospective Europe Immunotech-Coulter long luteal 80 40 40

Eldar-Geva T [30] 2005 Israel prospective Asina Immunotech-Coulter long luteal 56 26 30

van Rooij IA [59] 2002 Netherlands prospective Europe Immunotech-Coulter long luteal 106 79 27

Ebner T [60] 2006 Austria prospective Europe Beckman-Coulter all 132 68 64

Kwee J [61] 2008 Netherlands prospective Europe DSL-ELISA all 104 80 24

Lekamge DN [62] 2007 South Australia retrospective Oceania Beckman-Coulter long luteal 126 36 90

Group 3
author year country design region Measurement COH l cases Preg Non
Hattori Y [24] 2013 JAPAN prospective Asia Beckman-Coulter, long luteal 58 26 32

Wunder DM [63] 2008 Switzerland prospective Europe Beckman-Coulter long luteal 240 58 182

Smeenk JM [58] 2007 The Netherlands prospective Europe Beckman-Coulter long luteal 80 40 40

Wu CH [64] 2009 China Taiwan prospective Asia Bechman-Caulter GnRH antagonist 60 26 34

Sahmay S [19] 2012 Turkey prospective Asia DSL-ELISA long luteal 189 47 142

Lin WQ [25] 2013 china prospective Asia Bechman-Caulter long luteal 76 47 29

Eldar-Geva T [30] 2005 Israel prospective Asia Bechman-Caulter long luteal 56 26 30

Sahmay S [48] 2013 Turkey Prospective Asia DSL-ELISA long luteal 150 51 99

Group 4
author year country design region Measurement COH cases Preg Non
Hattori Y [24] 2013 JAPAN prospective Asia Beckman-Coulter long luteal 58 26 32

Wunder DM [63] 2008 Switzerland prospective Europe Beckman-Coulter long luteal 240 58 182

Lin WQ [25] 2013 china prospective Asia Beckman-Coulter long luteal 76 47 29
Group 1: The selected studies of the pregnancy prediction value of serum AMH and all the studies could construct 2 × 2 tables; Group 2: The selected studies of the non-
pregnancy prediction value of serum AMH and all the studies could construct 2 × 2 tables; Group 3: The selected studies of the pregnancy prediction value of serum AMH 
with the analysis way of T-test; Group 4: The selected studies of the pregnancy prediction value of FF AMH with the analysis way of T-test. long luteal: Pituitary suppression 
with a GnRH agonist which begains in the mid-luteal phase of the previous cycle( long GnRH-agonist down-regulation). GnRH antagonist: For GnRH antagonist–based 
cycles. all: The COH protocols inlcuding “long” ,”short” and “GnRH antagonis” protocols. COH: the protocol of controlled ovarian hyperstimulation. 

es the predictive value of FF AMH on pregnancy 
rate of IVF/ICSI treatment. 

Materials and methods 

Search strategy and selection criteria

We retrieved Pubmed database using a broad 
combination of search terms that included “in 
vitro fertilization/IVF”, “intracytoplasmic sperm 

injection/ICSI”, “assisted reproductive technol-
ogy/ART”, in combination with “antimullerian 
hormone”, “mullerian inhibiting substance”, 
“pregnancy”, “live birth”, “ongoing pregnancy”. 
All publications appeared before March 2014. 
Furthermore, we reviewed reference lists in the 
retrieved articles. Because this review used 
only published data from the literature, no 
approval from an institutional review board was 
required.
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In this study pregnancy was defined 
as clinic pregnancy, ongoing preg-
nancy. Clinic pregnancy was defined 
as the visualization of a gestational 
sac with vaginal ultrasound in ges-
tational week > 7. Ongoing pregnan-
cy was defined as the presence of 
fetal cardiac activity beyond 12 
weeks of gestation. A multiple preg-
nancy was regarded as one pre- 
gnancy. 

The selection Criteria included if 1) 
the article was about value of AMH 
for predicting the IVF outcomes, 
pregnancy, or ongoing pregnancy. 2) 
the patients were all ≤ 46 years of 
age; [26] 3) It was able to construct 
2 × 2 tables, when there was a cer-
tain cut-off which was related to the 
outcome of pregnancy or the study 
used T-test to compare clinical 
indexes including AMH in pregnant 
and non-pregnant women. Because 
of language barrier, only studies 
published in English or Chinese 
were included for further analysis. 
We excluded studies that were not 
published as full report; studies that 
were case reports; studies with 
incomplete data.

Independent assessment

Two investigators (L.N Yao and W 
Zhang) independently reviewed all 
the articles, and data were checked 
by other investigators. The two 
investigators were blinded to identi-
fy information from each study, and 
judged the inclusion and exclusion 
of the study. Authors, publication 
year, study location, types of treat-
ment, numbers of pregnancy women 
and non-pregnancy women, and 
other related information were 
extracted. The concordance rate 
between the two investigators was 
96%. Discrepancies were resolved 
by consensus and the other res- 
earchers (W.Q Lin and H Li). 

Statistical analysis

We first constructed the 2 × 2 tables 
from the selected articles, and cal-

Figure 2. Accuracy of serum AMH on pregnancy prediction in pregnancy 
group. Summary receiver operating characteristic curve (SROC) of AMH 
in the prediction of pregnancy after IVF/ICSI with 95% confidence re-
gion, 95% prediction region and diagonal line of no discrimination. The 
area under the curve (AUC) is 0.64 (CI 0.60-0.68). 

Figure 3. Accuracy of serum AMH on non-pregnancy prediction in not-
pregnancy group. Summary receiver operating characteristic curve 
(SROC) of AMH in the prediction of non-pregnancy after IVF/ICSI with 
95% confidence region, 95% prediction region and diagonal line of no 
discrimination. The area under the curve (AUC) is 0.73 (CI 0.69-0.77).
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culated sensitivity, specificity, true positive 
(TP), false positive (FP), true negative (TN), false 
negative (FN). Heterogeneity of the studies was 
tested by means of the I-squared measure. The 
summary ROC curve, sensitivity, specificity, 
positive and negative likelihood ratio of AMH 
for predicting pregnancy was generated if 
homogeneity for AMH could not be rejected. 
This was conducted by fitting a two-level mixed 
logistic regression model. In case of heteroge-
neity, logistic regression and subgroups analy-
sis were used to evaluate whether the study 
characteristics were associated with the dis-
criminatory capacity. If the study characteris-
tics was not found significant impact on the dif-
ference of the test, A Spearman correlation 
coefficient between sensitivity and specificity 
was calculated. And in case of a negative cor-
relation (defined by a correlation coefficient of 
_0.5 or less) a summary ROC curve was esti-
mated, assuming that the Heterogeneity was 
from the use of different threshold levels. 

For the studies which used the analysis of 
T-test to compare clinical indexes including 
AMH in pregnant and non-pregnant women, we 
pooled the numbers of pregnancy women and 
not-pregnancy women, the mean level and sd 
(Standard deviation) of AMH in the two groups. 
And using random (I-V heterogeneity) model 
with the statistic way of Cohen to combine 
effect size. The test of heterogeneity was simi-
lar to the above way.

Results

We identified 274 study reports from the sys-
tematic search. After excluding articles based 
on the title or abstract, 94 articles were 
assessed fully for eligibility. After articles 
reviewed for detailed evaluation, only 26 study 
databases could be used for our analysis 
(Figure 1). All studies were divided into four 
groups (Group 1: The selected studies of the 
pregnancy prediction value of serum AMH and 
all the studies could construct 2 × 2 tables; 
Group 2: The selected studies of the non-preg-
nancy prediction value of serum AMH and all 
the studies could construct 2 × 2 tables; Group 
3: The selected studies of the pregnancy pre-
diction value of serum AMH with the analysis 
way of T-test.; Group 4: The selected studies of 
the pregnancy prediction value of FF AMH with 
the analysis way of T-test.). The characteristics 
of the included studies were listed in Table 1. In 
the data which could construct 2 × 2 tables, 

1647 women were suitable for not-pregnancy 
analysis, of these 646 (39.2%) had pregnancy. 
And 6225 women could be used for the analy-
sis of pregnancy prediction, of these 2266 
women (36.4%) obtained pregnancy. In the 
T-test group, there were 909 women who were 
suitable for pregnancy analysis of serum AMH, 
and 321 (35.3%) had pregnancy; 374 women 
were suitable for pregnancy analysis of FF AMH, 
of these 131 (35%) women had pregnancy.

The predictive value of serum AMH on preg-
nancy

In Group 1, the sensitivity varies between 7% 
and 83% and the specificity between 21% and 
89%, with the I-squared of 99%. The sources of 
heterogeneity including characteristics of the 
study population, variations in the study design, 
differences of statistical methods are all evalu-
ated. The logistic regression analysis shows 
that none of these factors recorded has statis-
tically significant impact on the reported predic-
tive performance of AMH. The Spearman cor-
relation coefficient for sensitivity and specificity 
is -0.45, the P value is 0.08, and the heteroge-
neity is not caused by threshold effect. A plot of 
sensitivity-specificity points in an ROC space is 
shown in Figure 2. The AUROC is 0.64, 95% CI 
is 0.6-0.68. The adjusted for serum AMH posi-
tive likelihood ratio is 2.0 and negative likeli-
hood ratio is 0.75. The positive post-probability 
is 47% and the negative post-probability is 30% 
if the Pre-probability is 36% (Figure 4A). The P 
value of publication bias is 0.255.

Group 3 included 8 studies, the I-squared is 
45.1%, the heterogeneity is less, the P value of 
publication bias is 0.289. The result showed 
that serum AMH was a good predictive param-
eter to predict pregnancy outcome of IVF or 
ICSI (P < 0.05). Forest plot of diagnostic odds 
ratio (DOR) of 8 studies is shown in Figure 5. 

The predictive value of serum AMH on not-
pregnancy

There are 7 articles which conform to our crite-
ria in Group 2. The sensitivity is between 21% 
and 65% and the specificity is between 69% 
and 85%, and the heterogeneity is moderate 
(I-squared of 65.9%) The AUROC is 0.73, 95% 
CI is 0.69-0.77. The publication bias shows no 
significance (P = 0.242). The logistic regression 
analysis does not show that the study charac-
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teristics had a statistically significant impact on 
the reported predictive performance of serum 
AMH. The Spearman correlation coefficient for 
sensitivity and specificity is -0.14, the P value is 
0.78. The threshold effect is not obvious. A plot 
of sensitivity-specificity points in an ROC space 
is shown in Figure 3. The adjusted for serum 
AMH positive likelihood ratio is 2.0 and nega-
tive likelihood ratio is 0.8. The positive post-
probability is 51% and the negative post-proba-
bility is 34% if the pre-probability is 39% (Figure 
4B).

The predictive value of FF AMH on pregnancy

Group 4 includes 3 studies for assessing the 
value of FF AMH on predicting pregnancy. The 
value of I-squared is 90.5%. Forest plot of diag-
nostic odds ratio (DOR) of 3 studies is shown in 
Figure 6. And the P value of publication bias is 
0.637.

Discussion

AMH has been identified by many researchers 
as a predictive parameter of ovarian response 
[10, 27, 28]. Serum AMH has become a stan-
dard determination to evaluate the ovarian 
reserve. But whether AMH has predictive value 
in IVF/ICSI cycles is still uncertain. Several 
studies had found some positive association 
between circulating concentrations of AMH and 
fertilization rate, embryo quality and pregnancy 
outcome [29-31] in IVF/ICSI cycles. 

One study [29] evaluated 109 women (< 42 
years old) and demonstrated that day 3 serum 
AMH level and IVF outcome were strongly asso-
ciated, and higher AMH concentrations were 
associated with a higher clinical pregnancy 
rate. But a recent research [19] detected that 
serum AMH, FSH, and AFC cannot predict clini-
cal pregnancy in IVF patients under 40. There 
are also some studies with the way of meta-

Figure 4. Post-test probability. Occurrence of antimullerian hormone (AMH) results within a specified likelihood ratio 
(LR) range and the concomitant posttest probabilities of pregnancy and nonpregnancy, given a prevalence of preg-
nancy of 36% and nonpregnancy of 39%.
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analysis which hope to find the correlation 
between AMH and the outcome of IVF/ICSI. 
One showed that AMH was able to predict 
extremes in ovarian response to controlled 
ovarian hyperstimulation but could not predict 
pregnancy after ART treatment. And its future 
clinical role may be in the individualization of 
ART stimulation protocols [32]. Our meta-analy-
sis tries to explore the predictive value of serum 
AMH on pregnancy and non-pregnancy in the 
fresh cycles of IVF/ICSI. In 2 × 2 tables group 
we find that serum AMH has a certain value to 
predict the outcome of IVF/ICSI. The AUROC of 
pregnancy prediction is 0.69, and the AUROC of 
non-pregnancy prediction is 0.73. But because 
of the large heterogeneity (I-squared of 99% 
and 65.9%), the accuracy of the results is less. 
Fortunately, in Group 3, Serum AMH was proved 
to be a good predictive parameter to predict 
pregnancy outcome of IVF/ICSI (P < 0.05), and 
the heterogeneity is less (I-squared of 45.1%). 

Besides, the present study use the way of 
meta-analysis for the first time to identify the 
role of FF AMH in predicting the outcome of IVF/

ICSI. Our previous report showed that among 
the parameters including serum AMH, FF AMH, 
FSH, luteinizing hormone (LH) and antral follicle 
count (AFC), only FF AMH showed a significant 
correlation with LBR and CPR [25]. A recent 
research of Bindu N Mehta [33] et al showed 
that FF AMH was a plausible biochemical indi-
cator of functional viability of oocyte in conven-
tional IVF cycles. Clinical pregnancy rates and 
embryo implantation rates were significantly 
higher when patients with follicles containing 
high AMH concentration [34]. But CHEN Xin et 
al [23] found that AMH level in the serum and 
follicle fluid on the day of oocyte retrieval was 
predictive of the treatment outcome of con-
trolled ovarian hyperstimulation in POCS 
patients but not of pregnancy outcomes after 
IVF-ET. This present study finds that FF AMH is 
not correlated with the pregnancy outcome of 
IVF/ICSI. Unfortunately, the heterogeneity of 
the pooled studies is significant, and the num-
bers of incorporated studies and the sample 
size is small, which may affect the accuracy of 
the result.

Figure 5. Forest plot of diagnostic odds ratio (DOR) of serum AMH. Forest plot of diagnostic odds ratio (DOR) of 8 
studies which use the analysis way of T-test to explore the pregnancy predictive value of serum AMH in the cycles 
of IVF/ICSI.
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Figure 6. Forest plot of DOR of FF AMH. Forest plot of diagnostic odds ratio (DOR) of 3 studies which use the analysis way of T-test to explore the pregnancy predic-
tion value of FF AMH in the cycles of IVF/ICSI.
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Clinical application and limitation

Predicting chances of pregnancy after an IVF 
cycle can help to prevent overtreatment. 
Although various models have been developed 
for the prediction of pregnancy after IVF, there 
is no consensus to pinpoint which predictor is 
the most clinically relevant and on what factors 
one should base the decision to start treatment 
or not. A meta-analysis [35] used to show that 
female age, duration of subfertility, baseline 
FSH and number of oocytes, all reflecting ovar-
ian function, are predictors of pregnancy after 
IVF. van Loendersloot et al [36] recently pub-
lished a study which construct a prediction 
model including  thirteen variables. For all 
cycles, these were female age, duration of sub-
fertility, previous ongoing pregnancy, male sub-
fertility, diminished ovarian reserve, endome-
triosis, basal FSH and number of failed IVF 
cycles. After the first cycle: fertilization, number 
of embryos, mean morphological score per Day 
3 embryo, presence of 8-cell embryos on Day 3 
and presence of morulae on Day 3 were also 
included. 

AMH is closely related to the ovarian reserve. 
Reductions in serum AMH due to ovarian aging 
reflects not only a reduction in the size of the 
primordial follicle pool but also an increasing 
rate of per-follicle granulosa cell apoptosis, 
which would be expected to reduce the per-fol-
licle production of AMH and diminish oocyte 
quality. A study of Hiroyuki Honnma et al [14] 
with large number of cases showed that high 
serum AMH could be predictive of the presence 
of high-quality embryos on D3 and could poten-
tially improve the rates of embryo development 
to the blastocyst stage, (single) blastocyst 
transfer, and pregnancy. AMH as a member of 
future predictive model should be considered. 
Stamatina Iliodromit [37] et al did a meta- anal-
ysis and found that AMH adds some value in 
predicting live birth, and this is independent of 
age or AMH assay, although its predictive accu-
racy is poor and should not be over-inter- 
preted. 

The present meta-analysis takes serum AMH 
and FF AMH as the predictive variables, and 
tries to examine whether AMH is a predictor of 
pregnancy in women undergoing IVF/ICSI. The 
results show that there is some value of serum 
AMH in predicting the pregnancy outcome of 
IVF/ICSI. Although the heterogeneity is large in 

Group1 and moderate in Group 2 (I-squared of 
99% and 65.9%), the heterogeneity of Group 3 
is less (I-squared of 45.1%). This makes the 
accuracy of the conclusion believable. The pity 
is that it is hard to calculate the cut-off value of 
AMH and we could not get the sensitivity or 
specificity of serum AMH because of the large 
heterogeneity. And because the adjusted posi-
tive likelihood ratio of serum AMH is 2.0 and 
negative likelihood ratio is 0.75, serum AMH 
alone is hard to alter a clinical decision accord-
ing the research of Jaeschke et al [38].

The studies about FF AMH as a predictor of the 
pregnancy outcome of IVF/ICSI are compara-
tively fewer. The present meta-analysis finds a 
negative correlation of FF AMH with the out-
come of IVF/ICSI, but the heterogeneity 
(I-squared of 90.5%) is too larger and it make 
the accuracy of this analysis become uncer-
tain. Besides the sample of FF AMH is usually 
collected on the day of OPU, and prediction of 
pregnancy on the OPU day may be too little and 
too late since the IVF cycle has been to the end. 
Anyhow, this meta-analysis may show some 
light of AMH as a member of predictive model 
in predicting the outcome of IVF/ICSI.

The limitation of our study could not be ignored 
either. Although we have tried many ways such 
as limiting age range and using different analy-
sis to reduce the heterogeneity, the result is 
still not much satisfactory. Bleil ME et al [39] 
find that African American women may have 
lower AMH levels at younger ages but experi-
ence less reduction in AMH with advancing age, 
and Latina and Chinese women compared with 
white women may have lower AMH levels, mark-
ing a lower ovarian reserve and a possibly 
increased risk for earlier menopause. Their 
study may indirectly give us some information 
that different races may bring some bias. 

In addition, because of the lack of an interna-
tional AMH standard, heterogeneity of the mea-
surement of AMH may also contribute to the 
noted discrepancies. The main measurements 
in our study are Beckman-Coulter, Immunotech-
Coulter (IOT) and DSL-ELISA Kit (Diagnostic 
Systems Laboratories). Some studies [40, 41] 
showed that the regression equations compar-
ing DSL to Gen II assays (Beckman-Coulter) in 
two different studies appeared more similar. In 
contrast, as the test standards differed from 
those in the DSL assay, in-house and indepen-
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dent external evaluation suggested that AMH 
values would be approximately 40% higher 
when measured using the Gen II assay as com-
pared with the DSL assay [42]. Both IOT and 
DSL also differed in their pairs of monoclonal 
antibodies and in standardization, so they did 
not give comparable values for quantitation of 
AMH [43, 44]. Unifying the measurement meth-
od of AMH and getting a uniform standard of 
AMH may help us reduce the bias and find a 
cut-off value of AMH to predict the pregnancy 
outcome of IVF/ICSI. 

Moreover, the design of pooled studies, sample 
sizes, PCOS and potential matrix effects may all 
produce heterogeneity. For example, some 
studies [24, 45] found that the significantly 
high level of AMH in PCOS patients was not only 
because of the large number of small antral fol-
licles, but also the high level of FF AMH in the 
preovulatory follicles. It suggested that there 
may exist abnormal secretion of AMH in PCOS 
patients. Unfortunately, we do not exclude the 
PCOS patients, and the samples of pooled 
studies are not very even. The logistic regres-
sion analysis shows that none of these charac-
teristics including the region of the study popu-
lation, the study design, the measurement of 
AMH and the protocols of controlled ovarian 
hyperstimulation have statistically significant 
impact on the accuracy of our results, and we 
fail to find the source of the heterogeneity and 
lose it. 

The future

The more research of AMH, the role of AMH 
becomes much more be understood. AMH as a 
predictor of ovary reserve has become a con-
sensus in recent years. But the pathway of AMH 
activity has not been completely understood. It 
is believed that AMH participate in the regula-
tion of release from the primordial follicle pool, 
hence arranging the pace at which follicles re-
enter meiosis and growth, and the rate of set 
down of the primordial follicle pool. In the PCOS 
patient, the relations between AMH and LH, 
high level of androgen, total cholesterol, insulin 
resistance and BMI still need more studies to 
confirm. For AMH’s predictive role of pregnancy 
outcome in the cycles of IVF/ICSI, the mecha-
nism is still limited in its predictive role of ovar-
ian reserve. Getting pregnancy needs many 
steps, and there are many confounders. 
Whether AMH are correlated with the quality of 

oocytes, embryos, blastocysts, and other con-
founders also need further verification. Besi- 
des, serum AMH is often referred to a larger 
normal range in every age stage [46], the cut-
off value of AMH as a predictor of pregnancy 
outcome in IVF/ICSI is still unclear, and it may 
help the clinicians better identify patients who 
may have much higher probability of pregn- 
ancy. 

Furthermore, uniting AMH and other parame-
ters as predictive models of pregnancy out-
come in IVF/ICS is also worth to be considered 
more. 

Conclusion 

In summary, this meta-analysis tries to assess 
the role of serum AMH in predicting the preg-
nancy outcome of IVF/ICSI. The result reveals 
that there is positive correlation between 
serum AMH and pregnancy. The positive corre-
lation with serum AMH and non-pregnancy 
should not be ignored either. Unfortunately, the 
predictive value of FF AMH on pregnancy is still 
unclear because of large heterogeneity. This 
meta-analysis indicates the potential role of 
AMH as a predictor of pregnancy in IVF/ICSI. 
For conforming the real predictive role of AMH 
in IVF/ICSI, reducing and limiting bias in the 
greatest degree should be concerned in the 
future.
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