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ABSTRACT
Introduction: In Nigeria and Africa in general, secondary infertility is diagnosed more commonly than primary infertility. There are several identifiable causes of female infertility in the continent.
Aim & Objective: To compare the serum Anti-mullerian (AMH) levels and other reproductive hormones such as follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), progesterone (PROG) and estradiol (E2) in women with primary and secondary infertility.
Methodology: This study involved sixty-five (65) infertile and sixty-five fertile women between the ages of 21 – 45 years as the test and control groups respectively. It was a hospital-based case control study which was carried out at the Irrua Specialist Teaching Hospital (ISTH) from 2021-2022. 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 social sciences (SPSS).
Result: There was no significant difference in mean BMI of infertile women (25.01±2.3) and fertile women (25.06±2.3) (p=0.905). At 13.49±1.2 and 14.09±1.0; p=0.003, the average age of menarche was significantly higher in the infertile group compared to the fertile group respectively. The menstrual cycle pattern was comparable between the two groups with 54(83.1%) and 57(87.7%) fertile and infertile women having cycle between 28-30 days respectively. Participants with primary infertility compared to participants with secondary infertility had significantly higher mean AMH (2.99±3.6 vs 1.67±2.5; p=0.002) and significantly lower mean Estradiol (58.23±19.1 vs 79.64±32.8; p=0.009) but not significant for Prolactin (10.11±6.3 vs 13.64±9.5).
Conclusion: It can be seen that AMH could be an important identifier in the diagnosis of primary and secondary infertility using the other female reproductive hormone profile performance. 
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INTRODUCTION
Infertility can adversely affect the mental and social wellbeing of couples which may be devastating when they are confronted with it.1 The psychosocial demand substantially affects women more than men thus, need to be well managed by Physicians, The desire of women for children is usually stronger than self interest in beauty and figure. It may be stronger than the claims of career. In some cases, couples have voluntarily delayed childbearing in favour of establishing careers and may experience an age-related decline in fertility. The inability to procreate is frequently considered a personal tragedy and a curse for the couple and can cause marital disharmony as well as unhappiness and ill health. Infertility can have a profound effect on self-image, sexuality and relationship.2,3
Infertility is a global health issue; its prevalence is estimated to be approximately 8 - 15% among couples. The prevalence varies widely within and between countries and it is estimated to affect 60 - 168million people worldwide.4 In sub-Saharan countries, the national average prevalence is 12.5 - 16% and in Nigeria, the prevalence is 10 - 30%.5,6
It is estimated that 25% of married couples having regular, unprotected sexual intercourse would achieve pregnancy after one month of cohabitation, up to 50% within three months, 75% in six months and 80 - 85% within a year, and 95% by 18 – 24months.7 The management of infertility depends on the aetiological factor, diagnostic tools available and the financial status of the patient. The goal of a physician is to identify the causative factors to be able to educate and advise the couple on the right steps to take and offer treatment to the patient. The commonest identifiable causes of female infertility are tubal and anovulatory factors. The ovaries maintain the health of the female reproductive system. Ovarian function includes follicular maturation, ovulation and corpus luteum formation which is regulated by a complex control system composed of the hypothalamus, pituitary and the ovary itself. These organs communicate via positive and negative feedback mechanisms. The hypothalamus produces gonadotropin releasing hormone (GnRH) which is delivered to the anterior pituitary lobe by the pituitary portal vessels. GnRH binds to specific receptors in the gonadotrophic cells of the anterior pituitary inducing synthesis of follicle stimulating hormone (FSH) and luteinizing hormone (LH) into circulation. The hormones (FSH, LH) bind to specific receptors of the ovary, to induce follicular maturation, ovulation and corpus luteum formation. The ovary responds to gonadotropins stimulation in two ways: secretion of gonadal steroids (progesterone, estrogen and androgens) and the liberation of a fertilizable oocyte. Other hormones produced by the ovary include the peptide hormones (inhibin and activin) and they, along with the gonadal steroid hormones: estrogen and progesterone modulate the pulsatile secretion of GnRH from the hypothalamus and gonadotropins from the pituitary. The ovary is actively involved in maintaining cyclicity, as reflected by the processes of follicular growth, follicle rupture and formation of corpus luteum.8 In Africa, secondary infertility is diagnosed more often than primary infertility and the most common causes are bilateral tubal occlusion and/or pelvic adhesion resulting from sexually transmitted diseases, post abortal sepsis and puerperal sepsis. Between 50 – 80% of infertility cases are due to infection.3,9
The most important sexually transmitted diseases that cause infertility are chlamydia and gonococcal infection, which are preventable. Chlamydia infection which is the most common can cause urethritis, cervicitis, adnexitis and pelvic inflammatory disease with consequent possibilities of ectopic pregnancies, subfertility and infertility. Most patients are asymptomatic and are usually diagnosed with the infection when they undergo infertility diagnostic procedures.10,11 The anatomical and functional integrity of the endocrine and reproductive systems of both sexes is seen as a test of the capability of achieving a normal pregnancy.7 
Before the knowledge of AMH, FSH, LH, Prolactin and Progesterone test used to be the parameter used in ISTH for the assessment of primary and secondary fertility. FSH the other female fertility hormones are known have low sensitivity and specificity as a result of clinically remarkable intra and inter cycle variability.12 Hence this study was carried to assess serum Anti-mullerian (AMH) levels and the relationship with other reproductive hormones such as follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), progesterone (PROG) and estradiol (E2) in women with primary and secondary infertility.
MATERIALS AND METHOD
STUDY LOCATION AND POPULATION
This study was carried out in Irrua, a rural town and the capital of Esan central local government area of Edo state, Nigeria. Edo state is situated in the southern part of Nigeria on latitude 6.5438 and longitude of 5.8987. Irrua Specialist Teaching Hospital (ISTH) is a tertiary healthcare facility located in Irrua, Esan Central Local Government Area, Edo State, with a 375-bed space.  The infertility/gynaecological clinics are held three times a week with an average of 1000 patients seen annually. Study subjects were infertile (case) and fertile women (control) who were diagnosed with primary or secondary infertility attending the infertility clinics, while control subjects were recruited from women visiting the family planning clinic of the hospital.
Immunoassay was used for the analysis of samples at the laboratory of the department of Chemical Pathology, ISTH. This study adopted a hospital-based case-control design. 
SAMPLING TECHNIQUE	Comment by VAIDYA PANKAJ SHARMA: Mention sampling type
The list of all women visiting the clinic for the day was obtained and those that met the inclusion criteria for the study were selected using a simple random sampling technique, the first individuals are picked and every other third number was also selected. A total of one hundred and thirty (130) women were selected for the study.
The women were divided into two (2) groups. Group I consisted of sixty-five (65) women diagnosed with either primary or secondary infertility while group B consisted of sixty-five (65) women of proven fertility, who had regular menstrual cycle of between 21 to 35 days. Data captured include information to separate patients with primary infertility from those with secondary infertility so as to provide avenue for comparison of data from different groups.
The sample size was determined using the difference in proportion formula for case-control studies13. 
 [image: ]
Women of age ranging from 21 – 45 years, who have been diagnosed with either primary or secondary infertility according to the World Health Organization (WHO) criteria, were selected as study population while women of proven fertility matched for age were selected as control population.    
INCLUSION AND EXCLUSION CRITERIA FOR TEST POPULATION	Comment by VAIDYA PANKAJ SHARMA: Write separately for easy understanding
Patients who presented with infertility aged 21 – 45years with normal regular menstrual cycle (21 – 35) days, and patients who gave informed consent were selected for this study. Patient with tubal infertility, those with premature ovarian failure and previous uterine, tubal and ovarian surgeries, and patients on medications capable of influencing serum levels of target hormone e.g. hormonal contraceptives, anticonvulsants, steroids and hormonal replacement therapies were excluded from this study.
[bookmark: _Hlk54100285]INCLUSION CRITERIA FOR CONTROL
Consenting patients of proven fertility who have a regular menstrual cycle of between 21 – 35 days were included as control, while patients below 21years of age and those above 45 years, patients who were pregnant and previous IVF pregnancies were selected as control. 
ETHICAL CONSIDERATION
Approval for the study was obtained from the research and ethic review committee of ISTH. Ethical consideration in the study will be 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.	Comment by VAIDYA PANKAJ SHARMA: Mention directly. No need of explanation as thet are already understood and self explanatory
Respect for person: patients were recruited into the study after being availed of adequate information and obtaining their informed consent. They were not coerced or induced to participate and their right to withdraw from the study at any given point of the study was respected. 
Beneficence: Ethical obligation to maximize benefits and minimize harm or wrong. Specimen collection was done in accordance with standard techniques and competence. Participants were not made to bear any part of the cost of this study.
Nonmalfeasance: No harm was done to the patients engaged in the study.
SAMPLING METHODS
A structured questionnaire was given 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. 
Blood samples from control subjects were collected on day 3 of their menstrual cycle, using the same procedure as that of the test subjects.
LABORATORY METHODS
[bookmark: _Hlk54177223]The various hormones were assayed using Calbiotech Inc. El Cajon, CA USA enzyme linked immunosorbent assay (ELISA) kit. The ELISA (Enzyme-Linked Immunosorbent Assay) kit was based on solid phase sandwich ELISA method. The samples and conjugated reagent (anti-hormone (specific for each hormone) biotin and horseradish peroxidase (HRP) were added to the wells coated with streptavidin. The hormones in the patient’s serum were bound to the matched pair antibodies, forming a sandwich complex and simultaneously the complex was immobilized on the plate through streptavin-biotin interactions. Unbound protein and horseradish peroxidase (HRP) conjugates was washed off, through a washing step. Upon addition of the tetramethylbenzidine (TMB) substrate, there was colour development which enabled optical measurement of the analyte. The colour development was stopped by adding a stop solution (hydrogen sulphate) and the intensity of the colour was measured at a wavelength of 450nm. The intensity of the measured colour was proportional to the concentration of the particular hormone in the samples.
[bookmark: _Hlk55228077]Quality Control was executed at 3 levels of 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 Personal Lab Adaltis fully automated immunology ELISA analyser; manufactured by Adaltis S.r.L international company in Rome, Italy was used.
DATA ANALYSIS
The biochemical values and other data collected was entered into a spread sheet using numerical codes and subsequently crossed tabulated. Final data analysis was carried out using statistical package for social science (SPSS) version21.00. Descriptive statistics of frequencies and percentages was applied. Means and standard deviations of test and control groups were compared using 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.    

RESULT & DISCUSSIONS
From Table 1 showing the Clinical characteristics of participants, Almost equal number of participants are normal weight and overweight respectively with overall mean BMI of 25.01±2.3 and 25.06±2.3 in infertile and fertile women (p=0.905). 
At 13.49±1.2 and 14.09±1.0; p=0.003, the average age of menarche was significantly higher in the infertile group compared to the fertile group respectively. The menstrual cycle pattern was comparable between the two groups with 54(83.1%) and 57(87.7%) fertile and infertile women having cycle between 28-30 days respectively.




Table 1: Clinical characteristics of participants
	
	Infertile 
(n=65)
	Fertile
(n=65)
	     Total
(n=130)
	χ2
	p value

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

	BMI class
Normal
Overweight
Mean±SD
	
33(50.8)
32(49.2)
25.01±2.3
	
31(47.7)
33(50.8)
25.06±2.3
	
64(49.2)
65(50.0)
	
1.078

-0.119**
	
0.583

0.905

	Age at menarche 
(Mean±SD) years
	13.49±1.2
	14.09±1.0
	
	-3.062**
	0.003*

	Cycle pattern (Days)
<28
28-30
>30
Mean±SD
	
9(13.8)
54(83.1)
2(3.1)
28.32±1.3
	
7(10.8)
57(87.7)
1(1.5)
28.32±0.9
	
16(12.3)
111(85.4)
3(2.3)

	
0.664


0.791**
	
0.717


0.430


*Significant; **Independent student t test	Comment by VAIDYA PANKAJ SHARMA: Confirm since chi-square values are also mentioned

Figure 1 shows that more than two third (69.2%) of the infertility are secondary while 20 (30.8%) have primary infertility
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Figure 1: Distribution of infertile women by type of infertility

Table 2  shows that participants with primary infertility have significantly higher mean AMH and significantly lower mean Estradiol and Prolactin levels compared to participants with secondary infertility at 2.99±3.6 vs 1.67±2.5; 58.23±19.1 vs 79.64±32.8; and 10.11±6.3 vs 13.64±9.5 respectively. There was no significant difference in mean FSH, LH and Progesterone levels between participants with primary and secondary infertility respectively.

Table 2: Mean comparison of reproductive hormone profiles in primary and secondary infertility

	
	Primary infertility
(n=34)
	Secondary infertility
(n=31)
	t-value
	p-value

	
	Mean±SD
	Mean±SD
	
	

	AMH
	2.99±3.6
	1.67±2.5
	3.245
	0.002*

	FSH (mlU/ml)
	15.32±19.3
	11.04±9.7
	1.193
	0.237

	LH  (mlU/ml)
	11.84±7.9
	14.86±14.2
	-0.894
	0.357

	Estradiol (pg/ml)
	58.23±19.1
	79.64±32.8
	-2.716
	0.009*

	Progesterone (ng/ml)
	1.67±2.5
	2.09±4.8
	-0.923
	0.359

	PRL (ng/ml)
	10.11±6.3
	13.64±9.5
	-1.512
	0.135


*Significant; t-value=Independent student t test

[bookmark: _Hlk126217369]Table 3 shows the correlation between Anti-Mullerian Hormone and selected parameters. Anti-Mullerian hormone showed significant moderate negative correlation with age (r=-0.544; p<0.05), weight (r=-0.445; p<0.05), BMI (r=-0.368; p<0.05) and FSH (r=-0.143; p<0.05). And no significant correlation with traditional sex hormones: LH, estradiol, progesterone and prolactin, as shown in table 3.

[bookmark: _Hlk127868190]Table 3: Correlation between Anti-Mullerian Hormone and selected parameters
	
	Pearson correlation (r)
	p-value

	Age
	-0.544
	<0.001*

	Weight
	-0.445
	<0.001*

	BMI
	-0.368
	0.003*

	Duration of marriage
	-0.411
	0.001*

	Age at menarche
	-0.018
	0.884

	FSH (mlU/ml)
	-0.143
	0.017*

	LH (mlU/ml)
	-0.025
	0.846

	Estradiol (pg/ml)
	-0.054
	0.667

	Progesterone (ng/ml)
	-0.055
	0.662

	PRL (ng/ml)
	-0.028
	0.823



The overall mean BMI for both infertile and fertile subjects were not statistically significant. The study also showed that there was equal number of normal weight and overweight subjects (p=0.905).	Comment by VAIDYA PANKAJ SHARMA: Separate discussion part from results or observations
At 13.49±1.2 and 14.09±1.0; p=0.003, the average age of menarche was significantly higher in the infertile group compared to the fertile group respectively, while the menstrual cycle pattern was comparable between the two groups with majority of them having a normal 28 – 30days cycle (p=0.430).   
In this study, participants with secondary infertility accounted for 69.2% of the infertile participants while primary infertility accounted for the remaining 30.8%, as shown in figure I. This is similar to the findings by Sule et al14, who reported 77.5% and 22.5% respectively. For secondary and primary infertility among infertile women studied in Osun state of Nigeria in 2008. Adetooro  et al15 had earlier made similar observation in Ilorin Kwara state.
There is statistically significant difference in this study between the mean AMH levels of the participants with primary infertility and secondary infertility. This agrees with the studies done by Oke et al16 and Mostaejeran et al17, who studied thirty-three (33) infertile women in Iran in 2015. This finding may be attributed to the younger age group seen in primary infertility compared to secondary infertility. There is also a significant difference in E2 levels between the participants with primary and secondary infertility (58.23±19.1 vs 79.64±32.8) (p=0.009), this finding is in disagreement with that by Oke et al16. 
There was no significant difference in mean FSH levels between subjects with primary and secondary infertility (p=0.237). This is dissimilar to the finding by Oke et al16. The LH, progesterone and prolactin levels in the two groups were not statistically different, (p= 0.357, 0.359 and 0.135) respectively. 
This study also looked at the relationship between AMH, age, weight, BMI, duration of the marriage, age of menarche, prolactin, and other reproductive hormones. AMH was found to be negatively correlated with age (r=-0.544; p=0.001), this is in agreement with the studies done by Racoubian et al18 and Maslow et al,19. It  is also negatively correlated with weight, and BMI (r=-0.445; p=0.001), and (r=-0.368; p=0.003) respectively. These are in agreement with the findings by Lia et all20 and in disagreement to the findings by Simoes- Pereira  et al21. BMI does not seem to affect the AMH level. However, infertility in overweight and obese women may be related to follicular development or oocyte maturation, or endometrial disorders, rather than a decline in ovarian reserve. 
[bookmark: _Hlk126038109]There is a significantly negative correlation between mean AMH and FSH levels among the infertile participants (r=-0.143, p=0.017). This is similar to the findings by Barbakadze L et al22.who studied a group of one hundred and twelve (112) infertile women in Thilisi, Georgia in 2015. AMH weakly correlated negatively with LH, E2, progesterone, and prolactin among the participants with infertility (r=-0.18, -0.025, -0.054, -0.055, and -0.028) respectively. However, this relationship was found not to be statistically significant (p>0.05). It has been seen in this study that AMH has an inverse relationship with FSH in infertility, and putting this finding to use could be a critical factor in the validation or confirmation of infertility in females, and also in the interpretation of prior female fertility hormones.
CONCLUSION    
This study found that AMH level was significantly higher in infertile women who had primary infertility compared to those with secondary infertility, possibly as a result of younger age group of the former, since AMH is known to decline with age. AMH along with other female hormones have been seen as important biomarkers of ovarian reserve and hitherto a significant index for classifying primary and secondary fertility. Assisted reproductive technology could be the more viable option for these women with infertility.    	Comment by VAIDYA PANKAJ SHARMA: Write conclusion in context of data. Not a statement
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