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Abstract 
 

There has been an increasing number of sub-fertile women in Gabon during the last 20 years. Antral follicle count (AFC) and serum 

anti-Mullerian hormone (AMH) are known as the most accurate markers of ovarian reserve in women and are related to age and 

weight. Therefore, the current study examines the relationship between AFC and serum AMH with age and weight among sub 

fertile Gabonese women. This is a retrospective study carried out in the assisted reproduction department of the Mother and Child 

University Hospital of Libreville. Over a period of 2 years, from 1st June 2019 to 30th May 2021. From the patient records we 

collected the following data, age, weight CFA and AMH of 124 women who had consulted for infertility. We excluded incomplete 

files. The average age and weight of women participating in the current study were 38 (±5.74) years and 76.3 (±14.59) kg. The 

average serum AMH concentration was 2.33 (±2.17) ng/mL) while the average AFC was 14.63 (±11.37). Significant negative 

correlation between the age and the serum AMH (r2= -0.368; p<0.0001) and between the age and the CFA (r2=-0.560; p<0.0001) 

were observed in the current study. This study suggests that sub-infertile women residing in Gabon generally have normal serum 

AMH concentration and AFC levels. Age significantly impact serum AMH and AFC levels. (Afr J Reprod Health 2023; 27 [3]: 

19-24). 
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Résumé 

 

Le nombre de femmes présentant une infertilité a augmenté durant ces 20 dernières années au Gabon. Le compte des follicles 

antraux (CFA) et le taux de l'hormone anti-müllérienne (AMH) sont connus pour être des indicateurs important de la reserve 

ovarienne. Cette étude est la première du genre à Libreville, elle a pour objectif d'évaluer le rapport entre le CFA, l’AMH, l'âge et 

le poids des femmes infertiles Gabonaises. Il s agit d’une étude retrospective réalisée dans le service de procréation médicale 

assistée de l'hôpital Universitaire Mère et Enfant de Libreville. Sur une période de 2ans, de Juin 2019 à Mai 2021. A partir des 

dossiers des patientes nous avons relevé les données suivantes: age, poids CFA et AMH de 124 femmes qui avaient consulté pour 

infertilité. Nous avons exclus les dossiers incomplets. La moyenne d’ âge et du poids des patients étaient respectivement de 38 

(±5.74) ans et 76.3 (±14.59) Kg. La concentration moyenne de l’AMH était de 2.33 (±2.17) ng/mL) pendant que celle de l’AFC 

était 14.63 (±11.37). Cette étude a observé une corrélation négative significative entre l'âge et l’ AMH (r2= -0.368; p<0.0001) et 

aussi entre l'âge et le CFA (r2=-0.560; p<0.0001). La présente étude démontre que les femmes infertiles à Libreville ont 

généralement des taux AMH et le nombre de CFA normaux. Aussi, cette étude vient confirmer que l’âge de la femme a un impact 

significatif sur l’AMH et le CFA. (Afr J Reprod Health 2023; 27 [3]: 19-24). 

 

Mots-clés: Reserve ovarienne, infertilité, Libreville 
 

Introduction 
 

Infertility is defined as the inability to achieve a 

pregnancy within at least one year of adequate 

sexual exposure without the use of contraceptives 

and can affects both men and women with almost 

equal frequency1. Sub-Saharan Africa region has 

been reported as having the highest incidence of 

infertility in the world2. The geography of 

infertility in Africa shows specific zones, with low 

fertility rates evident in West Africa from Senegal, 

Mali, Burkina Faso to Niger, and in central Africa, 

 



Makoyo et al.                                                                                Ovarian reserve of infertile women in Libreville 

African Journal of Reproductive Health March 2023; 27 (3): 20 

from Cameroon, Congo, Gabon to Sudan2. In sub-

Saharan Africa over 50% of visits to gynaecology 

clinics concern infertility related issues3. Gabon is 

located on the west coast of central Africa. A study 

performed in Gabon in 2012, indicated an increase 

in the infertility rates during the past 20 years4. In 

Africa, 35% of women infertility causes are related 

to endocrine function (usually menstrual or 

ovulatory disturbances)5. 

Anti-Müllerian hormone (AMH) and 

antral follicles count (AFC) are both endocrine 

markers of ovarian reserve that were found to 

accurately predict feedback to control ovarian 

stimulation in the in-vitro fertilization procedure6,7. 

Anti-Müllerian hormone (AMH), also known as 

Müllerian-inhibiting substance, is a dimeric 

glycoprotein that belongs to the transforming 

growth factor-beta family8. In women, AMH is 

solely produced by the granulosa cells of preantral 

and small antral follicles and regulates ovarian 

activity and follicular steroidogenesis9. AFC is the 

total number of antral follicles in both ovaries as 

observed with transvaginal ultrasonography during 

the early-follicular phase10. A lower antral follicle 

count is associated with infertility. Several studies 

have highlighted age related decrease in women 

serum AMH concentrations and/or AFC counts in 

America11, Europe12-15, Asia16-18. However, limited 

data is available for sub-Saharan women. 

Conflicting results regarding the association 

between serum AMH and body mass index (BMI) 

are reported in the literature. For instance, 

significant positive relationship between serum 

AMH and BMI was highlighted19. While other 

studies found significant negative correlation 

between serum AMH and BMI20-22. 

The aim of this study is to evaluate the 

relationship between endocrine markers (AMH and 

AFC) with age and weight among sub-fertile 

women residing in Gabon. 
 

Methods 
 

A total of 124 women presenting for fertility 

screening at the Reproductive Laboratory of the 

Mother Child University Hospital located in 

Libreville (Gabon) were recruited in this cross-

sectional study from 1st June 2019 to 30th May 

2021. Demographic information on age, weight, 

and height was obtained from participant files. 

Predictors of natural fecundability such as blood  

AMH and pelvic ultrasonography for AFC were 

used in the current study. The measurement of AFC 

was performed between Day 2 and Day 5 of the 

menstrual cycle. The authors do not specify 

ultrasound practice dates for AFC.Additionally, the 

number of oocytes retrieved, and embryos obtained 

were evaluated. We excluded incomplete files. 
 

Data analysis  
 

Statistical analysis was performed using the 

MedCalc® statistical software version 19.5 

(MedCalc Software Ltd, Ostend, Belgium; 

https:www.medcalc.org; 2020). Descriptive 

statistics for variables were presented as sample 

size (n), minimum, maximum, mean ± SD, median 

and interquartile score. The Chi-Square test was 

used to determine the distribution of all the data 

sets. Correlations were determined using the non-

parametric Spearman Rank correlation expressed 

as r2.  
 

Results 
 

Data for this study was obtained from 124 women 

residing in Libreville. The average age and weight 

of the participants were 38 (±5.74) years and 76.3 

(±14.59) Kg. Summary statistics for the evaluated 

parameters are presented in Table 1. The Chi-

Square test for normality shows that anti-Mullerian 

hormone (AMH) and antral follicle count (AFC) 

parameters are not normally distributed and are 

therefore reported and analysed using non-

parametric statistical tests based on the median and 

inter-quartile range (IQR).  The average serum 

AMH concentration was 2.33 (±2.17) ng/mL) 

while the average AFC was 14.63 (±11.37). 

The correlations and statistical 

significance between the age, AMH, AFC, number 

of oocytes and number of fertilized embryos are 

summarized in Table 2. The current study showed 

significant negative correlation between the age 

and the AMH (r2= -0.368; p<0.0001) and between 

the age and the CFA (r2=-0.560; p<0.0001). 

Although the age positively correlated with the 

number of fertilized embryos and the number of 

oocytes (r2= 0.258 and r2=0.100), these results were 

not significant. No significant correlations results 

were obtained between the AMH and the number 

of embryos (r2=0.161) and between the serum 

AMH and the number of oocytes (r2=0.278). 
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Table 1: Summary statistics 
 

 N Minimum Maximum Mean Median SD 25 - 75 P 

Age 123 25.00 57.00 38.89 39.00 5.74 35.25 to 43.00 

AMH (ng/mL) 111 0.02 9.80 2.33 1.65 2.17 0.71 to 2.93 

CFA 124 1.00 55.00 14.63 12.00 11.37 6.00 to 21.00 

Weight (Kg) 124 46.00 115.00 76.32 74.00 14.59 66.50 to 84.50 

 

Table 2: Correlation between semen characteristics and reproductive hormones 
 
 

Results obtained using the non-parametric Spearman Rank correlation expressed as r2. 
 

Discussion 
 

Anti-Müllerian hormone (AMH) plasma levels is 

acting as a useful marker of ovarian reserve23. 

Several studies have evaluated the levels of AMH 

for the prediction of poor response to in vitro 

fertilization treatment24-27 as well as for prediction 

of pregnancy following in vitro fertilization 

treatment26,28,29. Furthermore, some researches 

have investigated the association between serum 

AMH Level and ethnicity/race20,30.  In the current 

study, the average AMH level of African women 

residing in Gabon was 2.33 (±2.17) ng/mL).  The 

serum AMH obtained in the current study is lower 

than previously reported cut off values for 

prediction of clinical pregnancy after in vitro 

fertilization treatment in Egypt31, China29, United 

Kingdom32,33. The differences observed between 

studies can be attributed to the age of participants. 

An age-dependent distribution of AMH was 

previously reported in the literature14,34,35. The 

average age of patients in the current study was 38 

years, which is higher than previous studies in 

Egypt, China and United Kingdom29,31,32. The 

ovarian antral follicle count (AFC) has emerged as 

a useful predictor of ovarian response and 

stimulation quality in assisted reproductive 

technologies (ART) and is found more predictive 

than age or basal serum FSH36. Low AFCs were 

significantly associated with infertility37. In the 

current study, the average AFC was 14.63 

(±11.37). The AFC count obtained in the current 

study is higher than previously reported in normal 

fertile women in India16 as well as in women 

residing in Eastern Europe38. 

Several studies have highlighted a 

decrease in AMH14,39,40,41 and AFC12,25,42,43 

associated with women age. Previous studies 

showed that AMH and AFC significantly 

negatively correlated with age13,24,38. Additionally, 

significant positive correlation between AMH and 

AFC was reported38,44. This is consistent with our 

results where AMH (r2=-0.368; P=0.0001) and 

AFC (-0.560; P<0.0001) negatively correlated with 

age. Furthermore, in the current study, AMH and 

AFC positively correlated (r2= 0.623; P<0.0001). 

The level of AMH and the number of AFC 

both had highly significant correlations with the 

number of oocytes retrieved and the number of 

oocytes fertilized33,45. Surprisingly, in the current 

study, there were no significant correlations 

between AMH, AFC and the number of oocytes 

retrieved and number of embryos. However, the 

sample sizes for the number of oocytes retrieved vs 

  AMH CFA No Embryos Number of oocytes Weight 

Age r2 

P 

n 

-0.368 

0.0001 

110 

-0.560 

<0.0001 

123 

0.258 

0.1606 

41 

0.100 

0.5186 

97 

0.108 

0.2329 

123 

AMH r2 

P 

n 

   0.623 

<0.0001 

111 

0.161 

0.3866 

41 

0.278 

0.0682 

97 

0.070 

0.4681 

111 

CFA r2 

P 

n 

    -0.027 

0.8854 

41 

0.127 

0.4131 

97 

-0.044 

0.6308 

124 

Number of 

Embryos 

r2 

P 

n 

     0.919 

<0.0001 

41 

0.056 

0.7666 

41 

Number of 

oocytes 

r2 

P 

n 

      0.038 

0.8065 

97 
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AMH, AFC and embryos vs AMH, AFC is 

significantly lower that the age vs AMH, AFC. 

Although the average age 39 years, the current 

study highlighted the desire of women aged above 

40 to have a child. Considering that age is an 

important factor affecting women reproductive 

ability, the importance of egg donation in advance 

maternal age, should be emphasized.  
 

Ethical considerations 
 

The research was approved by the Ethics 

Committee of the Fondation Mere Et Enfant 

Academic Hospital. Written informed consents 

were obtained from head of Department. The use 

of data has been anonymized. 
 

Conclusion 
 

The current study showed that the average age of 

women seeking fertility assistance in Gabon is 38, 

with most of them presenting with normal AMH 

levels. Furthermore, in this study positive 

correlation between AMH and AFC was observed.  

Considering the limited data on women fertility in 

Gabon, the current study provides significant 

information on Gabonese women consulting for 

fertility treatment.  
 

Limitations 
 

The measurements of AMH and AFC parameters 

in women in the current study was done at different 

time intervals. This could be a reason for caution. 

However, all women were examined at the same 

fertility clinic using the same sonographic 

algorithm and AMH immunoassay. 
 

References 
 

1. American Society of Reproductive Medicine Committee. 

Patient's fact sheet:  infertility. 2013; Available at: 

http://www.asrm.org. [Accessed 03/26, 2022]. 

2. Maya N, Seth R, Ties B, Vanderpoel S and Gretchen A. 

National, regional, and global trends in infertility 

prevalence since 1990: a systematic analysis of 277 

health surveys. PLOS Medicine. 2012;9(6):1-5. 

3. Giwa O. The present situation: sub-Saharan Africa. Paper 

presented at the Expert Meeting on documentation 

of the medical and socio-cultural aspects of 

infertility. Arusha:Tanzania. 2007. Available at: 

http://www.eshremonographs.com. Accessed 

[11/12, 2022]. 

4. Engozogo A, Maganga S and Be aba’a F. Fecondite. In: 

Bengobsane H, Nkogo J,  Moussavou N, Barrère M, 

editors. Enquetes demographique et de sante du 

Gabon (EDSG). 1st ed. Libreville/Gabon: Direction 

Gabonaise des etudes statistiques et economiques; 

2012. p. 65-70. 

5. Gerais AS and Rushwan H. Infertility in Africa. Popular 

Science. 1992;12:25-46. 

6. Medicine PCotASfR Testing and interpreting measures of 

ovarian reserve: a committee opinion. Fertility and 

Sterility. 2015;103:9–17. 

7. Depmann M, Broer SL, van der Schouw YT, Tehrani FR, 

Eijkemans MJ, Mol BW and Broekmans FJ. Can we 

predict age at natural menopause using ovarian 

reserve tests or mother's age at menopause? A 

systematic literature review. Menopause. 

2016;23:224–232. 

8. Lee MM, Donahoe PK, Hasegawa T, Silverman B, Crist 

GB, Best S, Hasegawa Y, Noto RA,  Schoenfeld D 

and MacLaughlin DT. Mullerian inhibiting 

substance in humans: normal levels from infancy to 

adulthood. The Journal of Clinical Endocrinology & 

Metabolism. 1996;81:571–576. 

9. Anderson RA, Nelson SM and Wallace WH. Measuring 

anti-Mullerian hormone for the assessment of 

ovarian reserve: when and for whom is it indicated? 

Maturitas. 2012;71(1):28–33. 

10. Coelho Neto MA, Ludwin A, Borrell A, Benacerraf B, 

Dewailly F, da Silva Costa F, Condous G, Alcazar 

JL, Jokubkiene L, Guerriero S, Van den Bosch T and 

Martins WP. Counting ovarian antral follicles by 

ultrasound: a practical guide. Ultrasound in 

Obstetrics & Gynecology. 2018;51(1):10-20. 

11. Almog B, Shehata F, Shalom-Paz E, Tan SL and Tulandi 

T. Age-related normogram for antral follicle count: 

McGill reference guide. Fertility and Sterility. 

2011;95(2):663-6. 

12. Scheffer GJ, Broekmans FJ, Dorland M, Habbema JD, 

Looman CW and Velde ER. Antral follicle counts 

by transvaginal ultrasonography are related to age in 

women with proven natural fertility. Fertility 

Sterility. 1999;72(5):845-51. 

13. Nardo LG, Christodoulou D, Gould D, Roberts SA, 

Fitzgerald CT and Laing I. Anti-Müllerian hormone 

levels and antral follicle count in women enrolled in 

in vitro fertilization cycles: relationship to lifestyle 

factors, chronological age and reproductive history. 

Gynecological Endocrinology. 2007;23(8):486-93. 

14. Shebl O, Ebner T, Sir A, Schreier-Lechner E, Mayer RB, 

Tews G and Sommergruber M. Age-related 

distribution of basal serum AMH level in women of 

reproductive age and a presumably healthy cohort. 

Fertility and Sterility. 2011;95(2):832-4. 

15. Gomez R, Schorsch M and Hahn T.  The influence of 

AMH on IVF success. Archives of Gynecology and 

Obstetrics. 2016;293, 667–673. 

16. Agarwal A, Verma A, Agarwal S, Shukla RC and Jain M, 

Srivastava A. Antral follicle count in normal 

(fertility-proven) and infertile Indian women. 

Archive of The Indian Journal of Radiology & 

Imaging. 2014;24(3):297-302. 

17. Loy SL, Cheung YB, Fortier MV, Ong CL, Tan HH, 

Nadarajah S, Chan JKY and Viardot-Foucault V. 

Age-related nomograms for antral follicle count and 

anti-Mullerian hormone for subfertile Chinese 



Makoyo et al.                                                                                Ovarian reserve of infertile women in Libreville 

African Journal of Reproductive Health March 2023; 27 (3): 23 

women in Singapore. PLoS One. 

2017;14;12(12):e0189830. 

18. Melado L, Lawrenz B, Sibal J, Abu E, Coughlan C, 

Navarro AT and Fatemi HM. Anti-müllerian 

Hormone During Natural Cycle Presents Significant 

Intra and Intercycle Variations When Measured 

With Fully Automated Assay. Front Endocrinol 

(Lausanne). 2018;7;9:686. 

19. Albu D and Albu A. The relationship between anti-

Mullerian hormone serum level and body mass 

index in a large cohort of infertile patients. 

Endocrine. 2019;63(1):157-163. 

20. Moy V, Jindal S, Lieman H and Buyuk E. Obesity 

adversely affects serum antimullerian hormone 

(AMH) levels in Caucasian women. Journal of 

Assisted Reproduction and Genetics. 

2015;32(9):1305–11. 

21. Bernardi LA, Carnethon MR and de Chavez PJ. between 

obesity and anti-Mullerian hormone in reproductive-

aged African American women. Obesity (Silver 

Spring). 2017;25(1):229-235. 

22. Jaswa EG, Rios JS, Cedars MI, Santoro NF, Pavone MEG, 

Legro RS, and Huddleston HG. Increased body mass 

index is associated with a nondilutional reduction in 

Antimullerian hormone. The Journal of Clinical 

Endocrinology & Metabolism. 2020;105(10):3234-

3242. 

23. Grynnerup AG, Lindhard A and Sørensen S. The role of 

anti-Müllerian hormone in female fertility and 

infertility - an overview. Acta Obstetricia et 

Gynecologica Scandinavica. 2012;91(11):1252-60. 

24. Muttukrishna S, McGarrigle H, Wakim R, Khadum I, 

Ranieri DM and Serhal P. Antral follicle count, anti-

mullerian hormone and inhibin B: predictors of 

ovarian response in assisted reproductive 

technology? BJOG. 2005;112(10):1384-90. 

25. La Marca A, Giulini S, Tirelli A, Bertucci E, Marsella T, 

Xella S and Volpe A. Anti-Müllerian hormone 

measurement on any day of the menstrual cycle 

strongly predicts ovarian response in assisted 

reproductive technology. Human Reproduction. 

2007;22:766–71. 

26. Barad DH, Weghofer A and Gleicher N. Comparing anti-

Müllerian hormone (AMH) and follicle-stimulating 

hormone (FSH) as predictors of ovarian function. 

Fertility and Sterility. 2009;91:1553–5. 

27. Honnma H, Baba T, Sasaki M, Hashiba Y, Oguri H and 

Fukunaga T. Different ovarian response by age in an 

anti-Müllerian hormone-matched group undergoing 

in vitro fertilization. Journal of Assisted 

Reproduction and Genetics. 2011;29:117–25. 

28. Lekamge DN, Barry M, Kolo M, Lane M, Gilchrist RB, 

and Tremellen KP. Anti-Müllerian hormone as a 

predictor of IVF outcome Reproductive 

BioMedicine Online. 2007;14:602–10. 

29. Li HW, Yeung WS, Lau EY, and Ho PC. Evaluating the 

performance of serum antimullerian hormone 

concentration in predicting the live birth rate of 

controlled ovarian stimulation and intrauterine 

insemination. Fertility and Sterility. 2010;94:2177–

81. 

30. Bleil ME, Gregorich SE, Adler NE, Sternfeld B, Rosen MP 

and Cedars MI. Race/ethnic disparities in 

reproductive age: an examination of ovarian reserve 

estimates across four race/ethnic groups of healthy, 

regularly cycling women. Fertility and Sterility. 

2014;101(1):199–207. 

31. Elgindy EA, El-Haieg DO and El-Sebaey A. Anti-

Müllerian hormone: correlation of early follicular, 

ovulatory and midluteal levels with ovarian response 

and cycle outcome in intracytoplasmic sperm 

injection patients. Fertility and Sterility. 

2008;89(6):1670-6. 

32. Kini S, Li HW, Morrell D, Pickering S and Thong KJ. 

Anti-mullerian hormone and cumulative pregnancy 

outcome in in-vitro fertilization. Journal of Assisted 

Reproduction and Genetics. 2010;27(8):449-56. 

33. Majumder K, Gelbaya TA, Laing I and Nardo LG. The use 

of anti-Müllerian hormone and antral follicle count 

to predict the potential of oocytes and embryos. 

European Journal of Obstetrics & Gynecology and 

Reproductive Biology. 2010;150(2):166-70. 

34. Meczekalski B, Czyzyk A, Kunicki M. Fertility in women 

of late reproductive age: the role of serum anti-

Müllerian hormone (AMH) levels in its assessment. 

Journal of Endocrinological Investigation. 

2016;39:1259–1265. 

35. Committee on Gynecologic Practice: The Use of 

Antimüllerian Hormone in Women Not Seeking 

Fertility Care. Obstetrics & Gynecology. 

2019;133:274–278. 

36. Nahum R, Shifren JL, Chang Y, Leykin L, Isaacson K and 

Toth TL. Antral follicle assessment as a tool for 

predicting outcome in IVF—is it a better predictor 

than age and FSH? Journal of Assisted Reproduction 

and Genetics. 2001;18:151-155. 

37. Rosen MP, Johnstone E, Addauan-Andersen C and Cedars 

MI. A lower antral follicle count is associated with 

infertility. Fertility and Sterility. 2011;95(6):1950-4, 

1954. 

38. Barbakadze L, Kristesashvili J, Khonelidze N and 

Tsagareishvili G. The correlations of anti-mullerian 

hormone, follicle-stimulating hormone and antral 

follicle count in different age groups of infertile 

women. International Journal of Fertility and 

Sterility. 2015;8(4):393-8. 

39. Aksglaede L, Sørensen K, Boas M, Mouritsen A, Hagen 

CP, Jensen RB, Petersen JH, Linneberg A, 

Andersson AM, Main KM, Skakkebæk NE and Juul 

A. Changes in Anti-Müllerian Hormone (AMH) 

throughout the Life Span: A Population-Based 

Study of 1027 Healthy Males from Birth (Cord 

Blood) to the Age of 69 Years. The Journal of 

Clinical Endocrinology & Metabolism. 2010; 

95(12):5357-64. 

40. Goswami M and Nikolaou D. Is AMH Level, Independent 

of Age, a Predictor of Live Birth in IVF?. The 

Journal of Human Reproductive Sciences. 

2017;10(1):24-30. 

41. Kotlyar AM and Seifer DB. Ethnicity/Race and Age-

Specific Variations of Serum AMH in Women-A 

Review. Frontiers in Endocrinology (Lausanne). 

2021;9:11:593216. 

42. Broekmans FJ, Faddy MJ, Scheffer G and Velde ER. 

Antral follicle counts are related to age at natural 



Makoyo et al.                                                                                Ovarian reserve of infertile women in Libreville 

African Journal of Reproductive Health March 2023; 27 (3): 24 

fertility loss and age at menopause. Menopause. 

2004;11(6):607-14. 

43. Bozdag G, Calis P, Zengin D, Tanacan A and Karahan S. 

Age related normogram for antral follicle count in 

general population and comparison with previous 

studies. European Journal of Obstetrics & 

Gynecology and Reproductive Biology. 

2016;206:120-124. 

44. Permadi W, Wahyu Ferdian M, Tjahyadi D, Ardhana 

Iswari W and Djuwantono T. Correlation of Anti-

Mullerian Hormone Level and Antral Follicle Count 

with Oocyte Number in A Fixed-Dose Controlled 

Ovarian Hyperstimulation of Patients of In Vitro 

Fertilization Program. International Journal of 

Fertility and Sterility. 2021;15(1):40-43. 

45. Kotanidis L, Asimakopoulos B and Nikolettos N. 

Association between AMH, oocyte number and 

availability of embryos for cryopreservation in IVF. 

In Vivo. 2013;27(6):877-80.

  




