


SERUM ANTI-MULLERIAN HORMONE LEVELS AS A MARKER OF OVARIAN RESERVE IN WOMEN WITH PRIMARY AND SECONDARY INFERTILITY


ABSTRACT
Background: Evaluating for ovarian reserve is invaluable when managing cases of infertility with possibilities of reduced ovarian reserve. Aim: To determine the serum anti-Mullerian hormone level as a marker of ovarian reserve among Infertile women and compare the levels with other reproductive hormones in the age range of 21 – 45 years, and also compare it with levels in women of proven fertility. Subjects and Methods: A hospital-based case control study was carried out at the Department of Obstetrics and Gynaecology, Irrua Specialist Teaching Hospital (ISTH) from 2021-2022. Sixty-five (65) infertile and sixty-five fertile women whose ages ranged from 21 to 45 years were included as the test and control groups, respectively. The study population was made up of infertile (case) and fertile women (control) who were recruited from the department of obstetrics and gynaecology and the infant welfare clinic. The total study population was one hundred and thirty (130) women. Routine sex hormones and AMH in both groups were assayed. The mean, SD, and correlation test were studied between the variables, and the test of significance of variables between the two groups was also analysed using the Statistical Package of the Social Sciences (SPSS). Results: The most represented age group ranged between 26 and 30 years. Secondary and primary infertility accounted for 69.2% and 30.8%, respectively, of infertility in the test group. The mean value of serum AMH in infertile subjects was 2.07±4.6ng/ml while that in the fertile subjects was 3.80±5.8ng/ml and this was statistically significant (p=0.001). The study established a weak but significant negative correlation between AMH and FSH (r=-0.143; p=0.001). However, no statistically significant correlation was found between mean AMH values and mean LH, E2, progesterone, and prolactin values, respectively (p>0.05). Conclusion: AMH can be considered a good marker of ovarian reserve as it is cycle-independent when compared to other reproductive hormones and subsequently can be used to assess ovarian reserve.
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INTRODUCTION 
“Infertility is defined as the inability of a couple to conceive despite adequate unprotected sexual intercourse within a year or more of living together or cohabiting”.[1] “Infertility is also defined by the World Health Organisation (WHO) as a disease of the reproductive system which results in failure to achieve a clinical pregnancy after 12 months or more of regular unprotected sexual intercourse while living together or cohabiting”.[2] Demographic infertility can be defined as the inability of those of reproductive age (15 - 49 years) to become or remain pregnant within a 5 year period of exposure to pregnancy.[3]  It is classified as primary infertility if the couple has never achieved conception in the past, and secondary infertility in situations where the couple had conceived in the past, regardless of the outcome of the pregnancy, after a year or more of regular unprotected sexual intercourse.[4,5]
Premature ovarian failure (POF) or ovarian insufficiency is a failure of the ovary to function adequately in a woman younger than 40 years, either as an endocrine organ or a reproductive organ. In women aged 40 years or older, the physiological decline of ovarian function that accompanies ageing is termed perimenopause or menopausal transition. POF is estimated to affect 1% of women younger than 40 years and 0.1% of those under 30 years.[6] “Ovarian reserve is a term used to determine the capacity of the ovaries to provide oocytes that are capable of fertilization resulting in a healthy and successful pregnancy”.[7] “It represents the remaining follicular pool of oocytes in the ovaries that undergo progressive atresia through apoptosis during a woman’s reproductive period. The ovarian follicular pool declines with increasing maternal age, resulting in a decrease of a woman’s reproductive potential”.[8] There is no direct method for assessing ovarian reserve. However, there are biochemical and radiological means of indirectly measuring or assessing ovarian reserve. Biochemical methods include checking the values of the following hormones: Anti-Mullerian hormone (AMH), follicle-stimulating hormone (FSH), oestradiol (E2), and Inhibin.[9]  “AMH   is an ovarian hormone expressed in growing follicles that have undergone recruitment from the primordial follicle pool but   have not   yet   been   selected   for dominance,  it  is  considered  an accurate  marker of ovarian reserve, able to reflect the size  of the ovarian follicular pool of a woman of reproductive age and  age  has  been  reported  as  one  of the    established predictors of    reproductive potential during infertility treatment”.[25] “Ovarian reserve is evaluated by measuring antral follicular count (AFC) with ultrasound or by measuring the serum levels of AMH. The European Society of Human Reproduction and Embryology (ESHRE) published guidelines for diagnosing primary and secondary premature ovarian insufficiency (POI)” [23]. “The criteria are: 1. Women younger than 40 years at diagnosis; 2. at least four months of cycle irregularities (oligo/amenorrhea); and 3. elevated levels of  FSH on two occasions at least a month apart. High FSH levels are necessary for POI diagnosis, but the threshold level is inconsistent” [24].
“Radiological method is by using Transvaginal ultrasound to measure the antral follicle count and mean ovarian volume”.[10] “ In recent times, quite a number of women are getting married at advanced reproductive age of 35years and above. This is often due to career development or other personal reasons. They could present with infertility and it would be of advantage to have an idea of the ovarian reserve in women of this age range, most especially if they are at higher risks of reduced ovarian reserve as seen in patients with endometriosis, pelvic infections, previous ovarian surgeries, treatment of cancer with gonadotoxic drugs, pelvic irradiation, smoking and a family history of early menopause, when managing them for infertility. Women with poor ovarian reserve are less likely to conceive with infertility treatment so they are probably best advised on assisted reproductive technique with donor eggs”.[9]
Prior to the emergence of AMH, basal FSH is the most common test for ovarian reserve, and it is the parameter in use in ISTH for the assessment of ovarian reserve. FSH is flawed with poor sensitivity and specificity due to its clinically significant intra and inter-cycle variability.[11] “It is hypothesised that anti-Mullerian hormone concentration (AMH) declines with increasing reproductive age of a woman”.[12] However, there is a paucity of information on the level of AMH as a biomarker for ovarian reserve among Nigerian women. This study will therefore be relevant in establishing a local benchmark of serum AMH level as a marker of ovarian reserve in women attending an infertility clinic in ISTH, and attempt to predict the reproductive potential of the affected women
METHODS
[bookmark: _GoBack]This is a hospital-based case-control study. The ovarian reserve makers (AMH and FSH) and other reproductive hormones such as luteinizing hormone, oestradiol, progesterone, and prolactin of patients with infertility visiting the department of Obstetrics and Gynaecology of Irrua Specialist Teaching Hospital, Irrua, were compared with those of women with proven fertility matched for age as controls. Irrua is a rural town and the capital of Esan central local government area of Edo state, Nigeria. Edo state is located in the South-South geopolitical zone of the country. It is situated on a latitude of 6.5438 and a longitude of 5.8987 and it is bounded by Kogi state to the northeast, Anambra state to the east, Delta state to the southeast, and Ondo state to the west. Irrua Specialist Teaching Hospital is a 375-bed tertiary institution located in Irrua, Esan Central Local Government Area, Edo State.  The department of Obstetrics and Gynaecology has 48 Obstetric and 42 Gynaecological beds and undertakes an average of about 1600 deliveries annually. Antenatal clinics are held three times a week, and the booking clinic is once a week, with an average of one hundred women booking on a monthly basis. The infertility/gynaecological clinics are also held three times a week, with an average of 1000 patients seen annually. The control subjects were recruited from women attending the family planning clinic of the department of obstetrics and gynaecology, Irrua Specialist Hospital and women presenting their children for immunisation at the infant welfare clinic of ISTH, especially those who do not attend the family planning clinic. Collected samples were analysed at the immunoassay laboratory of the Department of Chemical Pathology, ISTH. The study population was made up of infertile (case) and fertile women (control) who were recruited from the department of obstetrics and gynaecology and the infant welfare clinic. The list of all the women attending the clinic for the day was retrieved, and those meeting the inclusion criteria for the study were selected using a simple random sampling technique. The first individuals are picked, and every third number was also selected. The total study population was one hundred and thirty (130) women.
The sample size was calculated using the difference in proportion formula for case-control studies.[13] 
 [image: ]
Where; 
n = sample size in the case-control group 
r = ratio of controls to cases
Zβ = Represents the desired power (typically 0.84 for 80% power)
Zα = Represents the desired level of statistical significance (typically 1.96).
Þ = A measure of variability (similar to standard deviation) ((P1-P2)/2)
(P1 – P2)2 = Effect Size (the difference in proportions) P1 is the proportion of cases exposed. 
P2 is the proportion of exposed cases in the control group which is 10% (0.10).[14]
To get the proportion of cases exposed, P1 = OR P1/(P1(OR-1) +1)
The odds ratio (OR) for those exposed in the control group is 4.0.
Therefore, P1 = (4.0) ((0.10))/ (0.10(4.0-1) +1)
P1 = 0.31
Þ = (P1+P2)/2 = (0.31+0.10)/2 = 0.21
Therefore, n = (1+1)/1 ((0.21) (1-0.21) (0.84+1.96)²/(0.31 – 0.10)²
n = 59
Accounting for a possible maximum non-response rate of 10% in the study,
q = 100/100 – F
Where q is the adjustment factor, and F represents the estimated non-response rate.
q = 100/100 – 10
= 1.11
= 59 x 1.11
= 65
Therefore, for accuracy, 65 subjects were selected in each group (cases and controls). Thus, from the calculated sample size, sixty-five (65) patients with infertility coming into the infertility /gynaecology clinics were enrolled into the study using a random sampling technique, while sixty-five (65) women of proven fertility, matched for age, were selected randomly as controls.    
[bookmark: _Hlk54355965]Patients who presented with infertility aged 21 – 45years with normal regular menstrual cycle (21 – 35) days, patients who gave informed consent, patients already diagnosed with premature ovarian failure, patients below 21years and those above 45years of age, patients with tubal infertility, patients with previous uterine, tubal and ovarian surgeries, patients on medications capable of influencing serum levels of target hormone e.g hormonal contraceptives, anticonvulsants, steroids and hormonal replacement therapies, patients with systemic diseases such as diabetes mellitus, hypertension, thyroid disorders etc, were all excluded from this study.  
Ethical consideration in the study was based on ethical principles as outlined by the Helsinki Declaration on biomedical research on human subjects. These entail respect for persons, beneficence, non-malfeasance and justice. 
 Procedure
A structured proforma (questionnaire) was administered to selected patients to collect data, which included socio-demographics, past medical history, reproductive history, and relevant medical history. A general examination, including weight and blood pressure measurement, was also carried out before specimen collection.  The patient was comfortably seated with the forearm extended; a tourniquet was applied to the upper arm to distend the antecubital vein. Using standard sterile procedure, three millilitres (3mls) of venous blood was collected into a properly labelled plain container/vacutainer tube. The collected samples were allowed to stand for one and a half hours to give room for clotting and clot retraction before being centrifuged at a speed of 4000rpm for 10minutes to separate the clot from the serum. The supernatant is decanted into appropriately labelled plain containers for immediate refrigeration.
Specimen storage: separated samples were kept frozen at -20°C in an external thermometer-monitored freezer until analysis. Blood samples from control subjects were collected on day 3 of their menstrual cycle, using the same procedure as that of the test subjects.
[bookmark: _Hlk55227700]Samples collected were assayed for Anti-Mullerian hormone (AMH), follicle-stimulating hormone (FSH), luteinizing hormone (LH), oestradiol, progesterone, and prolactin assay levels. Anti-Mullerian hormone (AMH) was assayed using Calbiotech Inc. El Cajon, CA, USA enzyme-linked immunosorbent assay (ELISA) kit on an Adaltis fully automated immunoassay analyser
Follicle-stimulating hormone (FSH), luteinizing hormone (LH), oestradiol, progesterone, and prolactin were assayed using DRG instruments GmbH, Germany, enzyme linked immunosorbent assay (ELISA) kit on an Adaltis fully automated immunoassay analyser by Adaltis S.r.L international company in Rome, Italy.
Quality control: was done at 3 levels, low, normal and high control. Each batch of samples was assayed with the 3 levels of control to validate the performance of the equipment, reagents, analytical method and personnel.
The biochemical values and other data collected was entered into a spreadsheet using numerical codes and subsequently cross-tabulated. Final data analysis was carried out using statistical package for social science (SPSS) version 21.00. Descriptive statistics of frequencies and percentages were applied. Means and standard deviations of the test and control groups were compared using a paired T-test and chi-square. A confidence level of 95% will be used with the level of significance set at a p-value of <0.05. Results will be presented in tables, chart and graphs.    

RESULTS
A total of 65 infertile and age-matched fertile women were recruited into the study. The most represented age range was 26-30 (30.8%) in each group, with a mean age of 31.97±6.0 and 31.63± 5.0 for the fertile and infertile group, respectively. The majority (55.4%) had tertiary education (55.4%) and are Christian (86.2%). The mean duration of marriage was 6.55±2.6 and 6.24±2.8 in infertile and fertile women, respectively. There was no significant difference in socio-demographics between infertile and fertile women groups (p>0.05).

[bookmark: _Hlk127867795]Table 1: Socio-demographic and clinical characteristics of participants
	
	Infertile 
(n=65)
	Fertile
(n=65)
	     Total
(n=130)
	χ2
	p value

	
	n (%)
	n (%)
	n (%)
	
	

	Age group (years)
21-25
26-30
31-35
36-40
>40
Mean±SD
	
12(18.5)
20(30.8)
16(24.6)
11(16.9)
6(9.2)
31.97±6.0
	
12(18.5)
20(30.8)
16(24.6)
11(16.9)
6(9.2)
31.63±5.0
	
24(18.5)
40(30.8)
32(24.6)
22(16.9)
12(9.2)
	
0.000




0.347*
	
1.000




0.729

	Educational level
Primary
Secondary
Tertiary
	
10(15.4)
21(32.3)
34(52.3)
	
15(23.1)
12(18.5)
38(58.5)
	
25(19.2)
33(25.4)
72(55.4)
	
3.677
	
0.159

	Religion
Christianity
Islam
	
55(84.6)
10(15.4)
	
57(87.7)
8(12.3)
	
112(86.2)
18(13.8)
	
0.258
	
0.612

	Duration of marriage (years)
	6.55±2.6
	6.24±2.8
	
	1.084*
	0.692


*Independent student t test; SD=Standard deviation

Mean AMH levels (3.80±5.8 vs 2.07±4.6), FSH (7.45±2.5 vs 12.36±13.4), LH (8.73±2.3 vs 13.93±12.6), E2 (63.50±16.3 vs 73.05±30.7), and prolactin (8.01±5.8 vs 12.55±8.8) were significantly higher in the infertile women (p<0.05) than the fertile women, as shown in Table 2.
Table 2: Mean values of AMH and other reproductive hormone profiles in infertile and fertile subjects.

	
	Infertile
(n=65)
	Fertile
(n=65)
	t-value
	p-value

	
	Mean±SD
	Mean±SD
	
	

	AMH (ng/ml)
	2.07±4.6
	[bookmark: _Hlk126173471]3.80±5.8
	-5.810
	<0.001*

	FSH (mlU/ml)
	[bookmark: _Hlk126173586]12.36±13.4
	[bookmark: _Hlk126173563]7.45±2.5
	2.905
	0.004*

	LH  (mlU/ml)
	[bookmark: _Hlk126173649]13.93±12.6
	[bookmark: _Hlk126173621]8.73±2.3
	3.260
	0.001*

	Estradiol (pg/ml)
	[bookmark: _Hlk126173747]73.05±30.7
	[bookmark: _Hlk126173719]63.50±16.3
	2.212
	0.002*

	Progesterone (ng/ml)
	1.96±1.7
	1.70±1.4
	0.944
	0.347

	PRL (ng/ml)
	[bookmark: _Hlk126173860]12.55±8.8
	[bookmark: _Hlk126173825]8.01±5.8
	3.485
	0.001*


*Significant; t-value=Independent student t test

Figure 1 shows area under the curve (AUC) of reproductive hormone in predicting ovarian reserve. AMH showed the highest predictive ability while prolactin has the lowest predictive ability.
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[bookmark: _Hlk127868333]Figure 1: ROC curve showing AUC of reproductive hormone profiles in predicting ovarian reserve


Table 3 shows a receiver operator characteristic (ROC) curve and table revealing that AMH with an area under the curve of 0.721(0.630 – 0.812) was a better predictor of ovarian reserve when compared to FSH with an AUC of 0.614 (0.513 – 0.715), LH with an AUC of 0.664(0.562 – 0.765), Estradiol with AUC of 0.597(0.498 – 0.696), Progesterone with an AUC of 0.499(0.395 – 0.603), and Prolactin with an AUC of  0.232(0.152 – 0.312) respectively.

[bookmark: _Hlk127868389]Table 3: Diagnostic accuracy of reproductive hormones in predicting ovarian reserve in women

	
	AUC (95%)
	Sensitivity
	Specificity
	p-value

	AMH
	0.721 (0.630-0.812)
	0.754
	0.723
	<0.001*

	FSH 
	0.614 (0.513-0.715)
	0.600
	0.938
	0.025*

	LH 
	0.664 (0.562-0.765)
	0.354
	0.831
	0.001*

	Estradiol 
	0.597 (0.498-0.696)
	0.662
	0.554
	0.056

	Progesterone 
	0.499 (0.395-0.603)
	0.559
	0.569
	0.983

	PRL
	0.232 (0.152-0.312)
	0.485
	0.112
	<0.001*




DISCUSSION 
This study was done to determine the serum Anti-Mullerian hormone levels as a marker of ovarian reserve among infertile women, and this involved a total study population of 130 participants made up of 65 participants who had been diagnosed with infertility and 65 fertile women as controls. 
In this study, the most represented age group was found to be the age range of between 26 and 30 years. This is similar to the findings in the study done by Oke et al.[15] And there was no statistically significant difference between the educational status, religion and duration of marriage between the test (infertile) and control (fertile) groups, respectively. The mean serum AMH level in women presenting with infertility in the study was 2.07±4.6ng/ml, which is similar to 2.66±4.23ng/ml reported by Oke et al [15] in 2019 among infertile women in Osun state, Nigeria and 2.91±0.98ng/ml reported by Kalaiselvi et al [16]   among Indians in 2012.  Women with proven fertility had a mean AMH of 3.80±5.8ng/ml, which is similar to values by Kalaiselvi et al (3,70±1.6ng/ml).[15] However, this is in disagreement with the study by Oke et al. [15] who reported a mean AMH of 10.32±5.85ng/ml in their own study population.
This study observed that mean serum AMH levels when compared between the infertile and fertile subjects were statistically significant (p=0.001), and it is believed that the early reduction in the amount of primordial follicles remaining in the ovaries may be responsible for the observed difference, thus pointing to a decline in ovarian reserve in infertile subjects. This is also in agreement with the studies done by Oke et al [15] and Kalaiselvi et al.[16]
In this study, it was observed that mean FSH values were significantly different between the infertile and the fertile participants (p=0.025). This is similar to the findings by Oke et al [15] and Kalaiselvi et al.[16] An elevated FSH level is an indication of declining ovarian reserve, with levels as high as 10 – 15mIU/ml suggestive of a definitive reduction in ovarian reserve [17] and level ≥15mIU/ml may suggest that the occurrence of pregnancy will be less frequent.[18] There is also a statistically significant elevation of prolactin in the test population (infertile women) compared to the control (fertile women) (p=0.001). Significantly elevated prolactin decreases the level of estrogen production. This may be through an inhibitory effect on the hypothalamic gonadotropin-releasing hormone, thereby reducing the secretion of FSH and LH, with a subsequent direct negative effect on the ovary.[19]. There is also a statistically significantly higher mean level of LH among the infertile participants in the study when compared with the fertile participants (13.93±12.6 vs 8.73±2.3) (p=0.001), and this could be associated with failure of conception, increased risk of spontaneous miscarriages, and reduction in the rate of fertilisation.[20] This could be a contributory factor for the infertility in the participants. Also, the mean level of estradiol (E2) between the infertile and the fertile subjects statistically varies at 73,05±30.7 vs 63.50±16.3 (p=0.002). The higher level of estradiol (E2) in the infertile participants may be an indication of declining ovarian reserve. Day 3 estradiol values between 75 – 80pg/mL are said to be suggestive of reduced ovarian reserve.[21] This finding is similar to that of other studies where the E2 in participants with infertility were found to be higher than that of fertile control participants.[15,16] There was no significant difference in the mean levels of progesterone between the study groups.
In predicting ovarian reserve, this study found that AMH demonstrated a high predictive value with an area under the curve of 0.721(0.630 – 0.812) p<0.001, even when compared to the traditionally used FSH, which had an AUC of 0.614(0.13 – 0.715) p=0.025. This is comparable to studies done by Kalaiselvi VS et al99 and Wang X et al.[22]
CONCLUSION    
This study found that the mean AMH level was significantly lower in infertile subjects when compared to the fertile ones. AMH is a valuable biomarker of ovarian reserve because it is cycle independent when compared with other reproductive hormones, with low levels seen in infertile women. Such women should be encouraged to take advantage of assisted reproductive technology to enhance their ability to conceive.  
Limitation of the study
The study was restricted to a single hospital where there was a tendency of missing out on a certain population of women who presented in the study. Some participants could have sought alternative means or methods of managing their infertility in addition to hospital management, thereby affecting the results that were arrived at. Also, demographic data (age, religion, etc.) provided by participants could not be confirmed or verified.
Ethical Approval
Approval for the study was obtained from the hospital research and ethics review committee of ISTH (NHREC/29/03/2017) with approval number ISTH/HREC/20201112/137.
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