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Abstract 

Background : In recent years, many studies had been carried out on the basal AMH level 

and its association with controlled ovarian hyperstimulation (COH) outcome. Only a few 

studies have been conducted on the correlation between COH outcomes and AMH levels 

measured on different stimulation days and these studies did not show a comparison 

between different measurement timings over the entire period of the COH cycle.  

Objectives: the current study aim is to assess the predictive values of basal and consecutive 

serum AMH levels during COH cycle.  

Methods and Results: One hundred women were involved in this study, scheduled for IVF 

program in Dwarozh Fertility Center in Sulaimanyiah , between December 2015 until 

January 2017, blood samples were collected for measurement of AMH, Estradiol, and FSH 

on day 2 of menstrual cycle, and the subsequent samples on day 4,6,8 and 10 were taking 

after the stimulation of ovaries with gonadotrophin. All hormones being analyzed by using 

electrochemiluminescence methods (Cobas 411 by Roche) as a single batch, each patient 

was given a unique numerical identifier, which issued in data analysis. P values <0.05 were 

considered significant. 

Results: the patients' characteristics , basal serum estradiol (E2), FSH and AMH levels at 

day 2 of cycle and  subsequent days after stimulation . As expected significant differences 

were observed for total dosage of FSH, peak E2 levels and duration of stimulation between 

short and long GnRH agonist groups. The ROC curve was used to assess the  AMH values in 

different days (day 2, 4, 6, 8, and 10) for prediction of IVF outcomes (implantation, 

abortion, preganancy and live birth). All the days showed significant area under the curve 

(AUC) (p<0.05). However, when all the ROC curve were comapred to each others there 

were no significance differences bwteeen them (p>0.05)  

Conclusions:  The present study concluded that measurement of serum AMH at any time 

after stimulation still predictive of the IVF outcomes which will reinforce the already known 

value of AMH in clinical practice.
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          Introduction 

Anti-Mullerian hormone (AMH) is a 

member of the transforming growth 

factor-β superfamily (1). Recently, 

it has been suggest that AMH acts 

as direct biochemical marker of 

ovarian reserve as well as a 

regulator of folliculogenesis and 

oocyte maturation (2).  

 Many studies had been carried out 

on the basal AMH level and its 

association with controlled ovarian 

hyperstimulation (COH) outcome. It 

has been shown that the basal AMH 

level is correlated with antral 

follicle count (AFC), total dose of 

gonadotrophins used, duration of 

COH, estradiol level on hCG day, 

the number of mature follicles on 

hCG day and the number of oocytes 

retrieved (3-5). Moreover, the AMH 

level was found to be positively 

related to pregnancy in COH cycles 

(6, 7). It had been also suggested 

that the serum AMH level could 

predict poor response and ovarian 

hyperstimulation syndrome for IVF 

cycles (8, 9). Serum AMH levels 

show no fluctuation throughout the 

menstrual cycle, and the AMH level 

had been shown to be correlate with 

ovarian response to gonadotrophin 

stimulation independent of the days 

of the menstrual cycle (8, 10). 

  Several provocative tests 

had been developed to indirectly 

assess ovarian reserve and identify 

patients who might not be define by 

basal hormone screening alone. 

However, whether these indirect 

provocative tests are more 

informative of ovarian reserve than 

basal hormone remains 

controversial. Furthermore, neither 

basal hormonal measurements nor 

those dynamic tests are capable of 

providing direct manifestation 

concerning the outcomes of the 

exogenous gonadotropin used in 

ovarian stimulation for ART (11-

15). 

 To clarify these issues, studies had 

been perform on changes in serum 

AMH levels during COH cycle, 

however; most of these studies were 

conducted only during GnRH 

agonist cycles and either follicular 

or luteal phases of the COH cycle 

(16-20). To the best of our 

knowledge, there were no studies on 

AMH changes over the entire COH 

period, including days before human 

chorionic gonadotrophin (HCG) 

administration, and during GnRH 

antagonist cycles. Therefore, the 

current study aim is to assess the 

predictive values of basal and 

consecutive serum AMH level 

during IVF stimulation. 

 Serum AMH levels show no 

fluctuation throughout the menstrual 

cycle, and the AMH level had been 

shown to be correlate with ovarian 

response to gonadotrophin 

stimulation independent of the days 

of the menstrual cycle (8, 10). In 

another study, using different 
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measurement timing, the AMH 

levels during the menstrual cycle 

showed a correlation with the 

outcomes similar to that observed 

following COH cycles (21). 

However, during COH cycles, the 

serum AMH level changes 

throughout the cycle; thus, this 

correlation with COH outcomes 

could depend on the timing of the 

measurement. Only a few studies 

have been conducted on the 

correlation between COH outcomes 

and AMH levels measured on 

different stimulation days (16, 22, 

23), and these studies did not show a 

comparison between different 

measurement timings over the entire 

period of the COH cycle. Therefore, 

the current study aim is to assess the 

predictive values of basal and 

consecutive serum AMH levels 

during COH cycle. 

Material and methods  

One hundred women were involved 

in this cohort study, scheduled for 

IVF program, between December 

2015 until January 2017, blood 

samples were collected for 

measurement of AMH, Estradiol, 

and FSH on day 2 of menstrual 

cycle, and the subsequent samples 

on day 4,6,8 and 10 were taking 

after the stimulation of ovaries with 

gonadotrophin. 

 Venous blood samples (5-10ml) 

were collected in tubes containing 

no anticoagulant. Samples were 

allowed to clot at 37˚C; then 

centrifuged at 3000 rpm for more 

than10 minutes to separate the 

cellular component. Sera were 

removed and stored in aliquots at -

20 C until analyses. Lipemic or 

hemolyzed samples were 

eliminated. All hormones being 

analyzed by using 

electrochemiluminescence methods 

(Cobas 411 by Roche) as a single 

batch, each patient was given a 

unique numerical identifier, which 

issued in data analysis. 

 Written consent for the treatment by 

IVF/ICSI and enrollment for 

research were taken from each 

patient, inclusion criteria were a 

patient age under 46 years, normal 

pretreatment hormonal values, 

presence of two ovaries, 

gynecological ultrasound results, 

and cervical smears. The exclusion 

criteria included none of the women 

had received sex steroids or any 

drug known to affect ovarian 

function for at least 6 months, no 

previous ovarian surgery, acute or 

chronic infectious diseases of the 

woman or her partner, severe 

psychiatric illnesses, no endocrine 

abnormalities including 

hyperprolactinaemia or the presence 

of other concomitant chronic 

conditions such as genetic 

syndromes, celiac disease, renal 

disease, liver disease, thyroid 

disorder, diabetic mellitus, cancer, 

ischemic heart diseases, nephrotic 
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syndrome they were not included 

and excluded from the current study. 

Menstrual cycles were consider as 

irregular if they were longer than 35 

days or shorter than 25 days or 

when the length difference between 

two successive cycles was greater 

than 7 days. 

Statistical analysis: 

Data is translate into codes using a 

specially designed coding sheet, and 

then converted to computerized 

database. An expert statistical 

advice was taken and statistical 

analyses were done using SPSS 

(Statistical Package for Social 

Science) (version 19 Chicago, USA) 

and MedCalc (version 12.2.1.0, 

Mariakerke, Belgium) computer 

software. The variables were 

assessed by the chi square test, 

D'Agostino-Pearson and 

Kolmogorov-Smirnov test for 

normal distribution. The receiver 

operative characteristic (ROC) 

curve was use for predicting the IVF 

outcomes paired T test was use for 

comparing two variables. P values 

<0.05 were considered significant. 

 

Results  

The frequency distribution, 

Kolmogorov-Simirnov test and 

D’Agostino-Pearson test of all the 

variables show that they were 

normally distributed (P<0.05) (data 

not shown), therefore parametrical 

methods were applied for 

subsequent statistical analyses. 

Table 1 showed the patients' 

characteristics , basal serum 

estradiol (E2), FSH and AMH levels 

at day 2 of cycle and  subsequent 

days after stimulation . As expected 

significant differences were 

observed for total dosage of  FSH , 

peak E2 levels and duration of 

stimulation between short and long 

GnRH agonist groups 

 The reciver operative charactertic 

(ROC) curve was used to assess the  

AMH values in different days (day 

2, 4, 6, 8, and 10) for predction of 

IVF outcomes (implantation, 

abortion, preganancy and live birth). 

All the days showed significant area 

under the curve (AUC) (p<0.05) 

figures 1to 4. However, when all the 

ROC curves were comapred to each 

other there were no significance 

differences bwteeen them (p>0.05) 

tables 2 to 5.  

Discussion  

In recent years, many studies had 

been performing on the basal AMH 

level and its association with COH 

outcomes. Only few studies have 

been conducted on the correlation 

between COH outcomes and AMH 

levels measured on different 

stimulation days (16, 22, 23). 

However, these studies neither show 

a comparison between different 

measurement timings of serum 

AMH over the entire period of the 
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COH cycle nor timing effectiveness 

on IVF outcomes. 

      The present study results 

showed no significant changes in 

serum AMH at basal and subsequent 

days after stimulation and that 

serum AMH levels significantly 

predict (P<0.05) the IVF outcomes 

(implantation, abortion, preganancy 

and live birth) at basal and 

sequential measurements after 

gonadotrophin stimulation. Data 

available in the literature with 

respect to this issue are limited. The 

current study results are in keeping 

with the results of Eldar-Geva1T. et 

al study who found that early 

follicular and mid-luteal serum 

AMH levels were very similar (17)  

as well as in agreement with 

Elgindy E. A et al. study, by using 

different measurement timing, found 

that the midluteal and early AMH 

levels were statistically significant 

predictors of clinical pregnancy 

(21). Even so, the present study 

results diverge from preliminary 

data reported by others (17, 19) that 

showed decline in serum AMH 

levels during COH cycles.  

 The sources of conflict between 

these studies and the present study 

may include characteristics of the 

study population, variations in the 

study design, and differences of 

statistical methods as well as the 

smaller sample sizes used by 

previous studies, which may affect 

the accuracy of their results. 

Another factor that might be 

involved in the ontogenesis of AMH 

is different stimulation protocols 

used in each study.  

 The present study concluded that 

measurement of serum AMH at any 

time after stimulation still predictive 

of the IVF outcomes, which will 

reinforce the already known value 

of AMH in clinical practice. 

Moreover, this new finding may 

resolved missed basal AMH 

measurement due to any various 

reasons and will be more convenient 

to the patient and the clinician
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Table 1: Clinical and biochemical characteristics of the study patients 

Variables Short GnRH  

agonist (n= 77  ) 

Long GnRH  

Agonist (n= 23 ) 

P-value 
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Age (years) 36.23 ±7.0 35.50±6.93 0.66 

BMI (kg/m2) 25±3 26±2 0.13 

Estradiol (pg/ml) 44.02±30.51 35.26±18.55 0.19 

FSH (IU/I) 8.57±3.36 6.45±3.62 0.01 

AMH Day 2 (ng/ml) 2.01±1.67 1.75±1.27 0.49 

Duration of infertility 

(years) 

8.85±5.19 10.62±7.69 0.07 

Types of infertility    

Primary infertility 65 (84.4%) 19 (82.6) % 0.8 

Secondary infertility 12 (15.6%) 4 (17.3%) 0.85 

Cause of infertility    

Male factor 5 (6.5 %) 2 (7.1%) 0.72 

Female factor 10 (12.9%) 2 (7.1%) 0.73 

Male and female factor 53 (68.8%) 17 (78.6%) 0.6 

Unexplained factor 9 (11.7%) 2 (7.1%) 0.89 

IVF outcomes    

Duration of stimulation 

(days) 

11.20±0.96 9.29±5.08 0.002 

Total dosage of  FSH (IU) 2924.22±986.51 3369.64±1203.77 0.07 

Peak estradiol (pg/ml) 1554.88± 933.74 937.96±758.49 0.004 

Implantation 65 (84.3%) 19 (82.6%) 0.75 

Clinical pregnancy 15 (20.3%) 8 (34.7%) 0.85 

Live birth 8 (10.9%) 3 (13.1 %) 0.33 

Abortion 7 (9%) 5 (21.7 %) 0.79 

AMH (ng/ml) Day 4 2.1±1.63 1.77±1.3 0.37 

AMH (ng/ml) Day 6 2.01±1.56 1.64±1.76 0.33 

AMH (ng/ml) Day 8 2.07±1.55 1.89±2.3 0.66 

AMH (ng/ml) Day 10 2.05±1.54 1.91±2.1 0.72 
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Figure 1: ROC curve of AMH value of different days in prediction of 

implantation. 

 

 

Table 2: Pairwise comparison of various AMH ROC curves of different days in 

favor of implantation 

Paired ROC curves Paired T test P value 

Day 2 Vs Day 4 0.73 0.46 

Day 2 Vs Day 6 0.27 0.78 

Day 2 Vs Day 8 0.66 0.50 

Day 2 Vs Day 10 0.60 0.54 

Day 4 Vs Day 6 0.55 0.57 

Day 4 Vs Day 8 1.4 0.13 

Day 4 Vs Day 10 1.3 0.17 

Day 6 Vs Day 8 1.7 0.08 

Day 6 Vs Day 10 1.08 0.27 

AUC:- 
0.63 
0.61 
0.62 
0.65 
0.66 
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Figure 2: ROC curve of AMH value of different days in prediction of 

abortion. 

 

Table 3: Pairwise comparison of various AMH ROC curves of different  

days in favor of abortion 

Paired ROC curves Paired T test P value 

Day 2 Vs Day 4 0.16 0.87 

Day 2 Vs Day 6 0.59 0.54 

Day 2 Vs Day 8 1.5 0.11 

Day 2 Vs Day 10 0.43 0.66 

Day 4 Vs Day 6 0.18 0.85 

Day 4 Vs Day 8 0.67 0.50 

Day 4 Vs Day 10 0.24 0.80 

Day 6 Vs Day 8 1.15 0.24 

Day 6 Vs Day 10 0.17 0.85 

AUC:- 
0.75 
0.74 
0.73 
0.72 
0.73 
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Figure 3: ROC curve of AMH value of different days in prediction of 

pregnancy. 

 

Table 4: Pairwise comparison of various AMH ROC curve of 

different days in favor of pregnancy 

Paired ROC curves Paired T test P value 

Day 2 Vs Day 4 0.14 0.88 

Day 2 Vs Day 6 0.26 0.79 

Day 2 Vs Day 8 0.91 0.36 

Day 2 Vs Day 10 1.02 0.30 

Day 4 Vs Day 6 0.37 0.70 

Day 4 Vs Day 8 0.88 0.37 

Day 4 Vs Day 10 1.0 0.31 

Day 6 Vs Day 8 1.1 0.26 

Day 6 Vs Day 10 1.2 0.22 

AUC:- 
0.66 
0.65 
0.66 
0.68 
0.69 



Thi-Qar Medical Journal (TQMJ): Vol.(15), No.(1), 2018 
                    Web Site: https://jmed.utq.edu.iq         Email:utjmed@utq.edu.iq 

 

 
92 

 

Day 8 Vs Day 10 0.5 0.60 

 

0 20 40 60 80 100

0

20

40

60

80

100

100-Specificity

S
e
n

si
ti

v
it

y Day 2

Day 4

Day 6

Day 8

Day 10

 
Figure 4: ROC curve of AMH value of different days in prediction of 

live birth. 

 

Table 5: Pairwise comparison of various AMH ROC curve of different 

days in favor of live birth 

Paired ROC 

curves 

Paired T test P value 

Day 2 Vs Day 4 0.005 0.99 

Day 2 Vs Day 6 0.7 0.44 

Day 2 Vs Day 8 1.5 0.11 

Day 2 Vs Day 10 1.3 0.18 

Day 4 Vs Day 6 0.5 0.57 

Day 4 Vs Day 8 1.17 0.23 

Day 4 Vs Day 10 1.06 0.28 

AUC:- 
0.60 
0.61 
0.62 
0.65 
0.66 



Thi-Qar Medical Journal (TQMJ): Vol.(15), No.(1), 2018 
                    Web Site: https://jmed.utq.edu.iq         Email:utjmed@utq.edu.iq 

 

 
93 

 

Day 6 Vs Day 8 1.47 0.14 

Day 6 Vs Day 10 1.11 0.26 

Day 8 Vs Day 10 0.03 0.97 
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 قدرة التنبؤ للقياسات المتتابعة لهرمون ضد المولاري خلال الاخصاب الخارجي

لمدرس الدكتور سامان حسين نوريا  

اجريتتتتتتتر ستتتتتتتدر دراستتتتتتتار  تتتتتتتلا الستتتتتتتنوار ا  يتتتتتتتر  س تتتتتتت  مستتتتتتتتو  ا ساستتتتتتتلا ل رمتتتتتتتون  تتتتتتتد  الخلفيةةةةةةةة  

اجريتتتتتر  المتتتتتوليري وسبمتتتتتتت فم رجتتتتتار تحسيتتتتتي المفتتتتتايل المستتتتتيسر س يتتتتت   فينمتتتتتا ال  يتتتتت  متتتتتن الدراستتتتتار متتتتتد

غ تتتتت  سبمتتتتتت نتتتتتخا ال رمتتتتتون متتتتتخ م رجتتتتتار التحسيتتتتتي ل مفتتتتتايل  تتتتتب  ا يتتتتتا  التتتتتتلا ت تتتتتلا التحسيتتتتتي  وان نتتتتتخ  

الدراستتتتتار لتتتتتت  تفتتتتتتين وجتتتتتتود  رومتتتتتتار  تتتتتتلا اومتتتتتار ال يتتتتتتاس الم ت ستتتتتتت  تتتتتتب  دور  تحسيتتتتتتي المفتتتتتتايل المستتتتتتيسر 

                                        س ي   

التتتتتت  التحتتتتتتري ستتتتتتن ال تتتتتتي  الت مينيتتتتتتت لكتتتتتت  متتتتتتن المستتتتتتتو  ا ساستتتتتتلا ت تتتتتتدا الدراستتتتتتت الحاليتتتتتتت  الاهةةةةةةدا   

             وامتس س  فعد التحسيي ل رمون  د المو ري  ب   تر  التحسيي ل مفايل 

امتتتتتترا  تتتتتتت  ا تيتتتتتتارنن لفرنتتتتتتام  ا   تتتتتتا  ال تتتتتتارجلا  تتتتتتلا  011 تتتتتتمر الدراستتتتتتت  طرائةةةةةةا بمةةةةةةل الب ةةةةةة   

لسايتتتتتتتت كتتتتتتتانون ال تتتتتتتانلا  5102ن كتتتتتتتانون ا و  مركتتتتتتتي داوروي لبح تتتتتتتا   تتتتتتتلا الستتتتتتت يمانيت  تتتتتتتلا الستتتتتتتتر  متتتتتتت

  جمعتتتتتتتتتر سينتتتتتتتتتتار د  لنتتتتتتتتترل ميتتتتتتتتتتاس مستتتتتتتتتتو  نرمتتتتتتتتتتون  تتتتتتتتتد المتتتتتتتتتتو ري   ا ستتتتتتتتتتترادايوو    5102

ال رمتتتتتون المحستتتتتي ل حجيتتتتترار   تتتتتلا كتتتتت  متتتتتن اليتتتتتو  ال تتتتتانلا ل تتتتتدور  ال تتتتت ريت كمستتتتتتو  استتتتتاس ومتتتتتاتب  متتتتتن 

         لستتتتتتتتتادس  ال تتتتتتتتتامن و العا تتتتتتتتتر    ا يتتتتتتتتتا  فعتتتتتتتتتد التحسيتتتتتتتتتي فال رمونتتتتتتتتتار الكونتتتتتتتتتادوتروفين  اليتتتتتتتتتو  الرافتتتتتتتتتخ  ا

                                

تتتتتتت  استتتتتتت دا  سري تتتتتتت التبلتتتتتتعا لكترونلا ل تحتتتتتتري ستتتتتتن جميتتتتتتخ ال رمونتتتتتتار المدروستتتتتتت  تتتتتتلا الفحتتتتتت   ج تتتتتتاي 

اي متتتتتتتن  تتتتتتتركت رور    اسستتتتتتتلا كتتتتتتت  متتتتتتتريل دا تتتتتت   تتتتتتتلا الدراستتتتتتتت رممتتتتتتتا تعريسيتتتتتتتا واد تتتتتتت   100كتتتتتتوفس 

                    فالمئتتتتتتتتتتت ك يمتتتتتتتتتتت معنويتتتتتتتتتتت  2 تتتتتتتتتتمن التح يتتتتتتتتتت  الرممتتتتتتتتتتلا   تتتتتتتتتتت  استفارميمتتتتتتتتتتت ا حتماليتتتتتتتتتتت امتتتتتتتتتت  متتتتتتتتتتن 

                                                                       

متتتتتتن  تتتتتتب  جتتتتتتداو  وا تتتتتتكا  فيانيتتتتتتت تتتتتتت  ادرا  واي تتتتتتا  مميتتتتتتيار المر تتتتتت  ومستتتتتتتو  نرمتتتتتتون  النتةةةةةةائ   

 تتتتتتتد المتتتتتتتو ري   ا ستتتتتتتترادايوو    ال رمتتتتتتتون المحستتتتتتتي ل حجيتتتتتتترار   تتتتتتتلا كتتتتتتت  متتتتتتتن اليتتتتتتتو  ال تتتتتتتانلا ل تتتتتتتدور  

يتتتتتتا  فعتتتتتتد التحسيتتتتتتي  فينتتتتتتر الدراستتتتتتت وجتتتتتتود  رومتتتتتتار معنويتتتتتتت لكتتتتتت  متتتتتتن جرستتتتتتت ال تتتتتت ريت ومتتتتتتاتب  متتتتتتن ا 

ال رمتتتتتتتون المحستتتتتتتي ل حجيتتتتتتترار و مستتتتتتتتويار ا ستتتتتتتترادايو  الع يتتتتتتتا و تتتتتتتترار التحسيتتتتتتتي متتتتتتتا فتتتتتتتين مجمتتتتتتتوستلا 

نرمونتتتتتتار التحتتتتتترر الكونتتتتتتتادوتروفين ال  تتتتتتير  والسوي تتتتتتت  تتتتتتتت  استتتتتتت دا  منحنتتتتتت  رو  لت تتتتتتتدير متتتتتتي  نرمتتتتتتتون 

م ت ستتتتتتت مفتتتتتت  و فعتتتتتتد التحسيتتتتتتي  اليتتتتتتو  ال تتتتتتانلا و الرافتتتتتتخ و الستتتتتتادس و ال تتتتتتامن و  تتتتتتد المتتتتتتو ري   تتتتتتلا ا يتتتتتتا  ال

العا تتتتتتتتر  ل تنفتتتتتتتتع ستتتتتتتتن م رجتتتتتتتتار ا   تتتتتتتتا  ال تتتتتتتتارجلا  ا نفتتتتتتتتار و ا ج تتتتتتتتال و الحمتتتتتتتت  و التتتتتتتتو دار 

الحيتتتتتتت   ال تتتتتترر الدراستتتتتتت وجتتتتتتود سينتتتتتتلا لمنحنتتتتتت  رو   تتتتتتلا جميتتتتتتخ نتتتتتتخ  ا يتتتتتتا  فينمتتتتتتا لتتتتتت  يبحتتتتتتل وجتتتتتتود 

                              سند م ارنت منحن  رو   يما فين ا   رومار سينيت لمستو  ال رمون
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ان ت تتتتتتتدير مستتتتتتتتو  نرمتتتتتتتون  تتتتتتتد المتتتتتتتو ري الم تتتتتتت لا فعتتتتتتتد سم يتتتتتتتت تحسيتتتتتتتي المفتتتتتتتايل  يا    الاسةةةةةةةتنتا  

                                                              يعتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتد معيتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتارا لم رجتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتار ا   تتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتا  ال تتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتتارجلا

                     

 


