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Abstract 
Background and Objective: Ovarian Hyperstimulation Syndrome (OHSS) is the most common iatrogenic and potentially lethal 
adverse effect of ovarian induction in Assisted Reproductive Technologies (ART). Recently, anti-mullerian hormone (AMH) is 
considered as risk factor for ovarian hyper-response in addition to estradiol in patients undergoing in vitro fertilization (IVF). 
The present study was aimed to assess the accuracy of anti-mullerian hormone (AMH) and Estradiol in the incidence of OHSS.  
Materials and Methods: This is a retrospective diagnostic test study and all infertile women who undergone IVF and ICSI 
procedures between 2012-2013, who were <40 year old, with basic follicle stimulating hormone (FSH) <15 mIU/ml, normal 
serum prolactin and thyroid stimulating hormone (TSH) level, normal transvaginal sonography and normal Pap smear were 
entered the study. The exclusion criteria were acute infectious diseases, systemic diseases and hypothalamus or pituitary disease. 
The luteinizing hormone (LH), FSH, AFC, AMH and estradiol levels were recorded.  
Results: Two hundreds and eighteen women were entered the study among whom 16 (7.3%) patients had developed to OHSS. 
Estradiol, AMH and AFC were significantly higher in OHSS patients (P-value< 0.05). Estradiol, AMH, AFC and FSH showed 
high negative predictive value (NPV> 96%) but poor positive predictive value (PPV< 40%). Estradiol showed the best accuracy 
and specificity. In patients with AMH≤ 4.2 (n= 164), estradiol predicted OHSS with cut-off value, sensitivity, specificity and NPV 
of 3441. 100%, 91.2%, 100%, respectively and in patients with AMH> 4.2, the PPV of estradiol rose to 49.5%.  
Conclusion: Estradiol showed better sensitivity and specificity than other markers for prediction of OHSS. Classification of 
patients on the basis of AMH can lead to a higher sensitivity and specificity for estradiol with a higher cut-off value in OHSS 
prediction in patients with AMH≤ 4.2.  
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INTRODUCTION: 
Infertility is a relatively common disorder around the 
world with much higher prevalence rates in regions such 
as Middle East (1). Although the incidence rate of 
infertility remains constant in the past decades (2), there 
is significant improvement in the management strategies 
via assistive reproductive technology (ART). Such 
growing utility of these techniques will also lead to an 
increased rate of complications which need a more 
restrictive approach to prevent them effectively. The 
most common complication of ART is ovarian hyper-
stimulation syndrome (OHSS) with reported incidence 
rate of 3-8% for in vitro fertilization (IVF) (3, 4). OHSS 
presented with sign and symptoms of ovarian 
enlargement and excess fluid in the third spaces of body 
due to increased vascular permeability (4). Since the 
management of this syndrome is almost supportive and 
no definite treatment for handling of underlying 
pathophysiologic process is not available, preventive 
strategies and consequently recognition of risk factors 
and prediction of this syndrome play an important role 
in the management and work up of patients who will be 
undergo ART (3, 4). Although various parameters such 
as age, serum estradiol and follicle stimulating hormone 
(FSH) level and antral follicle count (AFC) have been 
known as predictors of OHSS, however, none of these 
parameters can independently predict OHSS and 
attempts are still made to provide a more constructive 
approach for prediction and prevention of OHSS (4-6).  
Recently, serum anti-mullerian hormone (AMH) level 
has been recognized as a valuable marker for evaluation 
of ovarian follicular reserve before ART (7, 8). Since 
AMH is produced by granulosa cells of small antral 
follicles, lower serum AMH level is in favor of a weaker 
response to ovarian stimulation. Regarding this direct 
dose-dependent response, some investigators suggested 
that higher levels of basal serum AMH would also 
related to higher possibility of ovarian hyper-stimulation 
(9-11).  This study was performed to evaluate the role of 
AMH alone and in combination with other known risk 
factors in the prediction of OHSS. 
 
METHODS AND MATERIALS: 
Patient selection 
We retrospectively studied patients who underwent 
ovarian stimulation in our fertility center due to IVF or 
intra-cytoplasmic sperm injection (ICSI) between March 
2012 to March 2013. Patients with age< 40 years, basal 
FSH at 3rd day of menstruation cycle< 15 mIU/ml, 
normal serum thyroid stimulating hormone (TSH) and 
prolactin, normal transvaginal sonography and normal 
Pap smear were included. The exclusion criteria were 
acute infectious diseases, systemic diseases and 
hypothalamus or pituitary disease. Cases with 
incomplete follow up or laboratory data, were excluded 
from the analysis as well. The study was approved by 
the local ethic committee of Shiraz University of  
 
 

 
Medical Sciences. Since the retrospective nature of the 
study and lack of research purposes during management 
of patients, no informed consent was obtained from the 
patients. 
 
Protocol of ovarian stimulation 
For all patients who scheduled to undergo ovarian 
stimulation, serum AMH, FSH and luteinizing hormone 
(LH) levels in the 2nd or 3rd day of menstruation cycle 
were measured once within 3 months before the ovarian 
stimulation. For ovarian stimulation, long-term 
gonadotropin releasing hormone (GnRH) agonist 
protocol was applied. According to this protocol, 1 
mg/day leuprolide was started from 21th day of 
menstruation cycle and then tapered to 0.5 mg/day from 
3rd day when gonadotropin (150-255 mg) was started. 
Patients were monitored with serum estradiol level and 
transvaginal sonography for evaluation of the count and 
size of antral follicle. When equal or more than 3 antral 
follicles reached to 18 mm in transvaginal sonography, 
gonadotropin was discontinued and 5000 unit human 
chorionic gonadotropin (hCG) was administered, unless 
possibility of complications such as OHSS was 
suspected. The diagnosis of OHSS was made on the 
basis of clinical, sonographic and laboratory data. Basal 
AFC and serum estradiol level at the day of hCG 
administration were recorded. After 24-36 hours, ovum 
was taken and then, fetus was transferred during next 72 
hours. The patients were followed for outcome of 
treatment and incidence of pregnancy via phone call or 
medical databases. 
 
Statistical analysis 
Statistical analysis was performed with SPSS software 
(SPSS Statistics, version 17.0. Chicago: SPSS Inc.). The 
quantitative continuous variables are expressed as mean 
± standard deviation (SD), and the categorical variables 
are presented by numbers (percentages). The 
Kolmogorov-Smirnov test was used to assess normality 
of distribution. Comparison of quantitative variables 
between the subgroups was calculated with Mann-
Whitney U test. Receiver-operating curves (ROC) for 
prediction of OHSS were generated by MedCalc 
software for Windows, version 8.0 (MedCalc Software, 
Ostend, Belgium). A P-value< 0.05 was considered 
statistically significant in all the analyses. 
 
RESULTS: 
Considering inclusion and exclusion criteria, 218 
patients were included, among whom 16 patients (7.3%) 
developed to moderate or severe clinical OHSS. The 
mean ± SD of age, FSH, LH AMH, estradiol and AFC 
of patients are presented in Table 1. Comparing these 
parameters between the two groups, mean value of 
AMH, AFC and estradiol were significantly higher in 
OHSS patients and FSH was significantly lower in these 
patients. 
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Table 1: The mean ± SD of age, FSH, LH AMH, estradiol and AFC of study population 
 

P value OHSS Negative 

n = 202 (92.7%) 
OHSS Positive 

n = 16 (7.3%) 

Total 
n = 218  

0.131 31.4±5.5 29.1±6.1 31.2±5.5 Age (year) 

0.000* 2039±1048 3557±553 2151±1094 Estradiol 
(pg/ml) 

0.000* 2.86±3.06 6.14±3.63 3.10±3.21 AMH (ng/ml) 
0.015* 15±6 24±11 16±7 AFC 

*0.000 6.85±3.02 4.26±1.68 6.66±3.01 FSH 
0.597 5.19±4.09 4.94±2.64 5.17±4.00 LH 

Data are presented as mean ± standard deviation 
* is statistically significant 
OHSS, Ovarian Hyper Stimulation Syndrome; AMH, Anti-Mullerian Hormone; AFC, Antral Follicle Count; FSH, 
Follicular stimulating Hormone; LH, Luteinizing Hormone. 

 

The ROC curve for prediction of OHSS by AMH, 
estradiol, AFC and FSH with confidence interval (CI) 
of 95% are illustrated in Figure 1. As presented in 
Table 2, estradiol has the best accuracy (Area under 
the curve (AUC): 0.90) with specificity and 
sensitivity of 93.7% and 84.2%, respectively, at the 
cut-off point of 3291 pg/ml which was significantly 
higher than those of FSH and AFC. Although the 

AUC for AMH, AFC and FSH (0.76, 0.64 and 0.76, 
respectively) were not statistically different, AMH 
revealed a more favorable sensitivity (75.0%) and 
specificity (79.5%) at the cut-off point of 4.2 ng/ml 
which was also not statistically different with 
estradiol (Table 3). Negative predictive value for 
estradiol, AMH, AFC and FSH were good whereas 
positive predictive value were low (Table 2). 
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Fig1: ROC curves of AMH, Estradiol, AFC and FSH for prediction of OHSS in study population. 
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Table 3. Pairwise comparison of ROC curves 

 Difference 
between areas Standard error 95% Confidence interval P value 

AMH vs Estradiol 0.141 0.080 -0.015 to 0.298 0.077 
AMH vs AFC 0.006 0.075 -0.142 to 0.153 0.939 
AMH vs FSH 0.003 0.081 -0.155 to 0.161 0.971 

Estradiol vs AFC 0.147 0.072 0.007 to 0.287 *0.040 
Estradiol vs FSH 0.138 0.058 0.025 to 0.252 *0.017 

AFC vs FSH 0.009 0.086 -0.160 to 0.177 0.920 
* is statistically significant 
OHSS, Ovarian Hyper Stimulation Syndrome; AMH, Anti-Mullerian Hormone; AFC, Antral Follicle Count; FSH, 
Follicular stimulating Hormone. 
 
Applying the best cut-off value for AMH (4.2 ng/ml), 
patients were categorized as group with AMH≤4.2 

and group with AMH> 4.2. Then, the ROC curves 
were generated for estradiol in these two groups, 
separately (Figure 2). As shown in Table 4, the AUC, 
sensitivity, specificity and negative predictive value 

of estradiol in patients with AMH≤4.2 were rose to 
0.93, 100%, 91.2% and 100%, respectively in cut-off 
value of 3441. In patients with AMH>4.2, positive 
predictive value was increased to 49.9%, however, 
the other parameters were slightly decreased (Table 
4). 

 
Fig 2: Roc curves of estradiol for prediction of OHSS in patients with AMH≤4.2 and AMH> 4.2. 

 

Table 2. Results of Receiever operating curve for estradiol, AMH, AFC, FSH. 

PPV (%) NPV (%) Specificity (%) 
 

Sensitivity (%) AUC  Cut-off value  

31.9 99.4 84.2 93.7 0.90 3291 Estradiol (pg/ml) 

22.2 97.5 79.2 75.0 0.76 4.2 AMH (ng/ml) 
11.6 96.5 55.0 75.0 0.64 15 AFC 
12.4 100.0 44.1 100.0 0.76 7.1 FSH(mIU/ml) 

OHSS, Ovarian Hyper Stimulation Syndrome; AMH, Anti-Mullerian Hormone; AFC, Antral Follicle Count;  FSH, 
Follicular stimulating Hormone. 
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Table 4. Results of receiver operating curve for estradiol in patients with AMH≤4.2 and AMH> 4.2. 
PPV (%) NPV (%) Specificity (%) Sensitivity (%) AUC Cut-off value 

(pg/ml)  

49.9 96.8 73.8 91.7 0.86 3284 AMH>4.2 (n=54) 
22.1 100.0 91.2 100.0 0.93 3441 AMH≤4.2 (n=164) 

AMH, Anti-Mullerian Hormone; NPV, Negative Predictive Value; PPV, Positive Predictive Value. 
 
DISCUSSION: 
Our study results showed an incidence rate of 7.3 % 
for moderate to severe form of OHSS in IVF cycles 
which is in the range of 3-8 % that was reported in 
the previous studies. Several markers have been 
introduced as predictors of OHSS in the literature. 
Among these factors, age, FSH, AFC, and AMH as 
well as estradiol on the day of hCG administration 
are known as most important factors. In last decade, 
the number of researches about the association of 
serum AMH level and OHSS has been increased. 
Nakhuda et al. were one of the first who investigate 
the direct relation of basal serum AMH and OHSS in 
2006(9). In a case-control study, they showed that 
mean AMH value in OHSS group is higher than 
control group (3.36 vs 0.63)(9). Up to that time, there 
were also few reports that showed the relationship of 
OHSS and ovarian response which indirectly 
indicated the predictive role of AMH in incidence of 
OHSS. Elder-Geva in 2005 found that mean AMH 
was significantly higher in the hyper-responder 
patients(12). There are also other studies in recent 
years investigating the role of AMH in prediction of 
OHSS, alone or in combination with other factors. 
Our study also showed significant differences 
between mean values of FSH, AFC, AMH and 
estradiol in both groups; The ROC-AUC for FSH, 
AFC, AMH and estradiol for prediction of OHSS in 
our study were 0.76, 0.64, 0.76 and 0.90, 
respectively. All markers showed a high negative 
predictive value with a poor positive predictive value. 
Estradiol and AMH also showed higher specificity 
than AFC and FSH.   
Nelson et al. studying 340 ART cycles, showed that 
AMH act better than FSH and age for prediction of 
excessive ovarian response defined as a yield of 21 
oocytes obtained at retrieval with ROC-AUC : 
0.90(13). In this study, the ROC-AUC for FSH was 
0.32 which is lower than that obtained in our study. 
These differences maybe explained, in part, by 
differences in the definition of excess ovarian 
response and OHSS as well as different ovarian 
stimulation protocols that used. Lee et al. 
prospectively investigated 262 IVF cycles with 
OHSS incidence rate of 8%(10). They reported that 
basal serum AMH can predict OHSS with sensitivity 
and specificity of 90.5% and 81. 3%, respectively at 
cut-off level of 3.36 ng/ml(10). In this study,  

 
estradiol on the day of hCG administration was also 
found as a good predictor of OHSS (sensitivity: 95.2; 
specificity: 64.6; cut-off value: 1431 pg/ml)(10). In 
another study by Ocal et al. different factors for 
prediction of  OHSS including AMH, LH, FSH, 
AFC, inhibin B and estradiol were assessed in 695 
IVF/ICSI cycles. The authors found a statistically 
significant difference between mean values of AMH, 
LH, FSH and AFC in women with OHSS (41 cases; 
5.8%) and those without OHSS(7). The ROC-AUC 
and the sensitivity and specificity for AMH were 
0.87, 90% and 71%, respectively, at cut-off value of 
3.3 ng/ml and for AFC were 0.74, 78% and 65%, 
respectively at cut-off value of 8(7). Although our 
study resulted in lower values of sensitivity and 
specificity for AMH in prediction of OHSS as 
compared to the mentioned studies, however, our 
results is in concordance with previous studies 
regarding the superiority of AMH over AFC, FSH 
and other primary factors. Nonetheless, in a recent 
meta-analysis by Broer et al. the summary estimates 
of sensitivity and specificity of AMH for prediction 
of excessive ovarian response were 82% and 76%, 
respectively(14). They also reported sensitivity and 
specificity of 82% and 80% for AFC which were not 
statistically different from those of AMH(14). Other 
studies also found no significant difference between 
AMH and AFC for prediction of OHSS(15). 
The other prominent difference between our results 
and previous studies was the difference in the best 
cut-off value of AFC (15 oocytes in our study) which 
could be due to different definitions for antral 
follicles and the inherent variability of sonographic 
results as an operator-dependent modality. In contrast 
to these limitations of AFC, the acceptable 
reproducibility for AMH and the development of 
high sensitive methods of measurement have made 
this marker more widely used in recent years.  
The other investigated factor in our study was the 
serum estradiol level on the day of hCG 
administration which serve as a secondary factor in 
the prediction and prevention of OHSS. Our results 
indicate better accuracy for estradiol as compared to 
the FSH and AFC (estradiol-AUC: 0.90 vs FSH-
AUC: 0.76 and AFC-AUC: 0.64, p value 0.040 and 
0.017, respectively), confirming the previous studies. 
The accuracy of serum estradiol level was not 
statistically different from that of AMH (AMH-AUC: 
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0.76, p value 0.077). Considering the superiority of 
AMH over the other primary factors, we combined 
this marker with estradiol as secondary factor in 
prediction of OHSS in a different way. Since these 
two factors measured in different time points in the 
course of an IVF cycle we decided to apply the first 
factor, AMH, in defining the cut-off value for the 
second one i.e. estradiol on the day of hCG 
administration when the decision about the 
administration of hCG can prevent the incidence of 
OHSS. Applying this approach, after classification of 
patients on the basis of AMH cut-off value of 4.2, in 
the group with AMH ≤4.2 the ROC-AUC, sensitivity, 
specificity and cut-off value for estradiol were rose to 
0.93, 100%, 91% and 3444 pg/ml, respectively. In 
group with AMH> 4.2, although the best cut-value of 
estradiol was not significantly differ from the total 
study population, the positive predictive value of 
estradiol which is usually considered as one of main 
limitations of this marker, were increased from 30% 
to 49.9% at the best cut-off value of 3284 pg/ml with 
sensitivity and specificity of 91.7% and 73.8 %, 
respectively. In other words, an early classification of 
patients on the basis of AMH can improve the ability 
of estradiol to a more useful marker in prediction of 
OHSS using a more appropriate cut-off value for 
each group. This can allow hCG administration at 
higher estradiol levels in patients with AMH≤4.2 
with more accuracy and confidence, suggesting the 
incidence of OHSS in patients with AMH>4.2 with a 
higher positive predictive value. It is also noteworthy 
that applying such approach for other factors did not 
result in significant changes.  
These results indicate the value of AMH not only as 
an independent predictive factor for OHSS, but also 
as a useful marker in combination with estradiol for 
risk stratification before hCG administration.  
Limitations. Regarding the retrospective nature of our 
study in addition to rather small number of OHSS 
patients, it can be stated that these results can only 
present a primitive result on this aspect of AMH 
application and further prospective and larger studies 
with a more dedicated design are still needed to 
confirm these results. Our study also is incomplete 
about the quantity and quality of pregnancies in our 
patients and further investigation regarding the effect 
of this approach on the final outcome of ovarian 
stimulation is necessary to decide about the cost-
effectiveness of such risk stratification. 
 
CONCLUSION: 
According to our study, estradiol showed better 
sensitivity and specificity than other markers in 
prediction of OHSS. AMH, AFC and FSH also can 
be used for prediction of OHSS and their high 
negative predictive values can indicate the usefulness 

of these markers as screening tool. Our study also 
showed that classification of patients on the basis of 
AMH can lead to a higher sensitivity and specificity 
for estradiol with a higher cut-off value in OHSS 
prediction in patients with AMH≤4.2 allowing a 
more appropriate decision regarding the 
administration of hCG. In other words, as a serial 
approach, AMH can be served as a primary test 
before estradiol for better risk stratification of 
patients undergoing ovarian induction by enhancing 
the predictive value of estradiol for OHSS. 
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