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Abstract

Introduction: Infertility may result from male or female factors or a combination of both. It is known that male factors are responsible for 50% of all 
infertility. Genetics is part of the management of male infertility, and karyotyping is highly recommended in men with nonobstructive azoospermia, 
severe oligozoospermia (sperm count <5 million/ml), or no palpable vasa. The purpose of our study was to determine the prevalence and profile of 
the chromosomal abnormalities of this subgroup in a cohort of patients followed for male infertility in the laboratory of cytogenetics and reproductive 
biology at the University Hospital Center Aristide Le Dantec in Dakar, Senegal.

Material and methods: Sixty-seven (67) patients with primary infertility were selected for our study. After semen analysis and evaluation of serum 
levels of FSH, a standard karyotype with R banding was performed.

Results: The global prevalence of chromosome abnormalities was 16.41% (n=11), with essentially numerical abnormalities (n=10). In terms of 
prevalence, Klinefleter syndrome was the most represented abnormality, with a global prevalence of 11.93% and a frequency of 2.988% in mosaic 
forms. Were also registered, respectively, a case of 47, XYY, and a case of XX male, 46,XX.

Conclusion: Primary infertile males with NOA and severe oligozoospermia have a non-neglectable rate of chromosomal aberrations, justifying the 
requirement of cytogenetic testing in order to pursue assisted reproductive treatment.
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Introduction

Infertility is considered a global public health issue with an increasing 
incidence [1]. Fifteen (15%) of couples of reproductive age are affected by this 
condition [2], and the prevalence of infertility is estimated at approximately 50 
to 80 million people worldwide [3]. Infertility may result from male or female 
factors or a combination of both. It is known that male factors are responsible 
for 50% of all infertility [4]. Even if a lot of etiologies or factors can be identified 
and treated (urogenital tract infection, cryptorchidism, infections, varicocele, 
endocrine disturbances, systemic disease, environmental factors, etc.), about 
40% of the cases remain idiopathic [5]. The recent development of molecular 
biology and medical genetics led to new perspectives in the identification of 
some etiologies as responsible genes [6]. The prevalence of chromosomal 
abnormalities in infertile males has been estimated to fall within the range of 
2.4% to 16.4%. In the case of azoospermia, the incidence of chromosomal 
abnormalities is particularly high, varying from 13.1% to 23.6% [7].

Currently, three genetic tests are commonly performed and recommended 
by major urologic associations: Karyotype Analysis (KA), Y-chromosome 
microdeletion testing, and CFTR mutation testing. Karyotype is indicated when 
a patient has findings on a history or physical exam concerning chromosomal 
abnormalities, azoospermia, or severe oligospermia (count <5 million/mL). 
This testing is justified by two important reasons: the first is to avoid the 
transmission of a genetic condition to offspring by the short cut of ART, and 

the second is to evaluate and maybe predict the outcome of the assisted 
reproductive techniques [6,7].

In Africa, an increased number of couples are undergoing ART procedures 
[8], contrasting with a lack of data concerning their genetic conditions. The 
purpose of our study was to report the profile of the chromosomal abnormalities 
identified in a cohort of patients followed up for male infertility.

Materials and Methods 

A prospective study was carried out from May 2020 to May 2023 in the 
genetic and reproductive unit of the laboratory of cytology, cytogenetics, and 
reproductive biology of the University Teaching Hospital Aristide Le Dantec 
and the Laboratory of Histology, Embryology, and Cytogenetics of the Faculty 
of Medicine of Cheikh Anta Diop University in Dakar (Senegal). Sixty-seven 
(67) patients with primary infertility referred for couple infertility were selected.

We included patients with severe Oligozoospermia (OZS) (sperm count 
< 5 million/ml) and Non-Obstructive Azoospermia (NOA). Written consent 
was obtained, and we received the approval of the ethical committee of our 
university. Were excluded from the study cases with no hormonal data, more 
precisely with no FSH serum level.

Standard karyotype 

Five (5) ml of peripheral blood samples were withdrawn from all the 
participants in sodium heparin sterile tubes for cytogenetic study and hormonal 
assay, respectively.

0.5 ml of heparinized peripheral blood samples from each patient were 
cultured for 72 h in RPMI-1640 medium supplemented with fetal bovine serum 
and phytohemagglutinin. Colchicine was added 50 min before the end of the 
culture, and after hypotonic treatment and fixation with Carnoy solution (3:1 
acetic acid and methanol), the remaining pellet was suspended in 1 ml and 
harvested on superfrost slides. RHG-band chromosomal denaturation was 
performed. Twenty (20) metaphases were counted as well for each case, 
and ten (10) were analyzed by cytovision software, version 450–550 band 
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resolution. ISCN 2016 was used to identify chromosomal abnormalities [9]. 
When mosaicism was suspected, 30 additional metaphases were analyzed 
in each case.

FSH serum level determination 

Follicule-Stimulating Hormone (FSH) was measured by 
electrochemiluminescence using the Vidas® 2016 Serum Chemistry Analyzer 
(Biomérieux SA, Marcy L'étoile, France) immunoassay, according to the 
manufacturer's instructions.

Semen analysis

Sample collection was done following abstinence from ejaculation for 
3 days, by masturbation in a room dedicated, in the laboratory. The semen 
analysis was performed in accordance with the method described in the 5th 
manual of WHO guideline for semen analysis, version 2010. Strict criteria of 
Krüger were used to evaluate morphology [10].

Statistical analysis: Data were collected and entered in Microsoft Excel 
software, then imported into SPSS software for analysis. Descriptive statistics 
were calculated and expressed as frequency and proportion.

Results 

Age 

A total of 67 patients met the criteria of the study. Ages ranged from 24 to 
56 years, and the mean age was 36.2 ± 6.2. All were concerned by primary 
infertility, with a mean duration of 4 (± 2,17) years.

Semen profile of the sample of study

In our sample study, 26.86% (n=18) of patients suffered from Non-
Obstructive Azoospermia (NOA), and 73.13% (n=49) were concerned by 
severe Oligozoospermia (OZS). The mean sperm count in that pattern was 
2,15 (± 1,6) million/ml. In that case (severe OZS), the most associated 
abnormalities were asthenozoospermia and teratozoospermia (Figure 1).

Level of serum FSH 

In NOA (n=18), the mean level of FSH was 15.58 UI/L ± 6.7 and 5,45 ± 2,1 
UI/L in the case of OZS (n=49).

Chromosomal abnormality profile

The global prevalence of chromosome abnormalities in this series was 
14.92% (n=10) with essentially numerical abnormalities (n=9) and a case of 
XX male with 46, XX karyotype. In case of NOA (n=18), we found 7 cases 
of chromosomal abnormalities (7/18) and 3 cases within the patients with 
OZS. (3/49). So the relative frequencies of chromosomal abnormalities 
were respectively 38,88% in NOA and 6,12% in case of OZS. The numerical 
abnormalities were represented by 6 cases of Klinefelter 47, XXY (Figures 
2 and 3), and 2 cases of mosaic Klinefelter, with respectively a case of mos 
46, XXY/46, XX and a case of mos 46, XXY/46, XY. One case of double Y 
chromosome was identified (47, XYY). Klinefelter syndrome was the most 
prevalent syndrome with a proportion of 11.93% (Table 1). 

The patients with chromosomal abnormalities were mainly concerned by 
azoospermia (7/10). Otherwise, the results of the semen analysis identified 
two main profiles in the semen that were oligoasthenoteratonecrozoospermia 
(n=2) and oligoasthenoteratozoospermia (n=1) (Figure 4).

Discussion 

Prevalence of chromosomal abnormalities

Globally, the prevalence of chromosomal abnormalities among infertile 
patients may vary between 2% and 18.9% [1,8,11] in the different studies 
according to the investigated populations. In some regions, this prevalence 
can be very high, like in North India, Kashmir, with a prevalence of 60% [12]. 

In our study, the prevalence of chromosomal abnormalities in infertile men 
was 14.92%.

This prevalence was close to some results reported in some regions of 
India [13], with 16% of the prevalence, or from some parts of eastern Europe, 
like Bulgaria [2], with a frequency of 16.16%. In Rwanda, this prevalence was 
higher (20,58%) in comparison with our study [14,15]. Lower frequencies were 
reported in Egypt (13,5%), [15] and in Europe, with 13.1% in Croatia and 
13.4% in Estonia [16,17].

Azoospermia and oligozoospermia

The large scale of variation in frequencies of chromosomal abnormalities 
among infertile patients all around the world may change according to 
numerous factors like geographical region, ethnicity, consanguinity, size 
of the samples, et cetera. Nevertheless, in the literature, there is a high 
prevalence of chromosomal abnormalities among patients with azoospermia 
and oligozoospermia, and this prevalence is reported to be much higher in the 
case of non-obstructive azoospermia. In our study, the relative proportion of 
chromosomal abnormalities among the patients with NOA was 38.88%. (7/18). 

Figure 1. Profile and repartition of the semen abnormalities of selected cases (N=67 
cases).

Figure 2. Male XX with 46, XX.
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We noticed the same tendency in a study from Taiwan [18]. In that case, 
25.53% of patients with nonobstructive azoospermia and 8.88% of patients 
with oligozoospermia had abnormal findings. Chromosomal abnormalities 
concerned 32.81% of patients with NOA in Azimi South [19] and 30% in 
southern China [20].

These observations are confirmed by recent reviews on the subject, 
considering a large number of studies [21,22]. This high proportion of 
aneuploidy in severe OZS and NOA justifies the recommendations by scientific 
societies [23,24], and committee practice [25] to perform karyotyping for those 
patients.

Profile of chromosomal abnormalities

The Klinefelter syndrome was the most representative case in our study, 
with a prevalence of 11,94% (8/67). In the Ceylan C and Ceylan GG review 

[26], Klinefelter Syndrome (KS) is considered the most prevalent chromosomal 
abnormality in cases of male infertility and was found to be prevalent in 5% 
of men with severe oligozoospermia and 10% in cases of azoospermia. KS 
has mainly two types (1): non mosaic, 47, XXY; and mosaic, 47, XXY/46, XY 
[27]. The mosaic form 47, XXY/46, XX is very rare, and only a few cases have 
been reported in the literature [28]. In the Curado study [4], all cases of KS 
concerned patients with azoospermia. We found in our sample some cases of 
KS, both in patients with azoospermia and with severe oligozoospermia.

Karyotyping testing and recommendations 

According to Hassold T, et al. [29], it is estimated that up to 60% of 
conceptions that are aneuploid are spontaneously aborted, and more than 
half of the Products Of Conceptions (POCs), i.e., 50.4%, are found to be 
karyotypically abnormal [30]. There is an increased number of patients 
undergoing assisted reproductive techniques, and their procedures require 
genetic testing to avoid the transmission of a genetic condition to offspring and 
to also be able to request a preimplantation genetic diagnosis for aneuploidy. 
According to the majority of expert committees, it is wise to perform routine 
karyotyping prior to IVF/ICSI in infertile men with unexplained spermatogenic 
failure and a reduced sperm count (less than 10 million sperm per ml) and Y 
chromosomal microdeletion analysis in men with severe oligozoospermia (less 
than 5 million) [24].

This high impact of pregnancy loss in aneuploidy could explain why PGT-A 
was introduced to overcome this obstacle and improve success rates in IVF 
[31]. Nervetheless, the impact of A-PGT is still a subject of controversies, and 
according to some authors, PGT-A may not be a universal test to improve the 
reproductive potential in IVF, based on their population, skills, and limitations 
[32]. This is a preliminary study, and according to our first data, the rate of 
chromosomal abnormalities among infertile men in our population is not 
neglectable at all. In the case of NOA, it concerned more than a third of the 
patients, for we highly recommend karyotyping in that pattern, especially for 
patients undergoing ART procedures.

Conclusion 

A non-negligible rate of chromosomal abnormalities was identified after 
karyotyping with our patients with NOA and severe OZS. Patients with non-
obstructive azoospermia had a high frequency of chromosomal aberrations 
(38.88%). Our findings justify strong recommendations for cytogenetic testing, 
particularly if an ART procedure is scheduled.

Perspectives

This is a preliminary study that we would like to extend to be able to 
propose, according to the results, an adapted algorithm of prescription 
considering accessibility to karyotyping and ART procedures.

Limitations of the Study

Being a single-center study, our series comprised a small number of 
patients that might be insufficient to represent the entire population of infertile 
males from different ethnicities.

Ethical Considerations 

Data security, privacy, and confidentiality were considered based on 
recommendations from the Research Ethical Committee of the Faculty of 
Medicine at our university.
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Table 1. Repartition of chromosomal abnormalities in case of NOA and severe OZS.

Results of Karyotype NOA
n=18

Severe OZS
n=49

Total
n=67

Global
Frequency

Normal
46, XY 11 45 56 83.58%

Klinefelter syndrome
47,XYY 4 2 6 8.95%

Mosaic Klinefelter
47,XXY [27]/46, XX [3] 1 0 1 1.49%

Mosaic Klinefelter
47,XXY [24]/ 46, XY[6] 1 0 1 1.49%

Double Y
47,XYY 0 1 1 1.49%

XX male
46, XX 1 0 1 1.49 %

Figure 4. Semen profile in the global sample and within patients with chromosomal 
abnormalities.

Figure 3. Klinefelter syndrome, 47, XXY.

Syndrome de  Klinefelter homogène 47, XXY
12



J Cytol Histol, Volume 14:6, 2023Mama Sy, et al.

Page 4 of 4

Conflicts of Interest

We declare none.

References
1.	 Demirhan, O. "Chromosome abnormalities related to male infertility." Infertility 

5(2023): 1052.

2.	 Yovinska, Svetlana, Kalina Belemezova, Mariela Hristova-Savova and Tanya 
Milachich, et al. "Correlation between cytogenetic findings and spermatogenic 
failure in Bulgarian infertile men." Life 12 (2022): 1840.

3.	 Vayena, Effy, Patrick J. Rowe and P. David Griffin. Current practices and 
controversies in assisted reproduction: Report of a meeting on medical, ethical 
and social aspects of assisted reproduction, held at WHO headquarters in Geneva, 
Switzerland. World Health Organization (2002).

4.	 Curado, Roberta Machado de Oliveira Frota, Bruno Faulin Gamba, Lucilene Arilho 
Ribeiro Bicudo and Manoel de Araújo Rocha Filho, et al. "Karyotype analysis in 
infertile men from the Center Western Brazil." Hum Reprod 37 (2022): e001018–18.

5.	 Saleh, Ramadan A., Ashok Agarwal, Rakesh K. Sharma and Tamer M. Said, et 
al. "Evaluation of nuclear DNA damage in spermatozoa from infertile men with 
varicocele." Fertil Steril 80 (2003): 1431-1436.

6.	 Rhouma, M. Ben, Ozlem Okutman, Jean Muller and Moncef Benkhalifa, et al. 
"Genetic aspect of male infertility: From research to the clinic." Gynecol Obstet Fertil 
Senol 47 (2019): 54-62.

7.	 Koşar, Pınar Aslan, Nurten Özçelik and Alim Koşar. "Cytogenetic abnormalities 
detected in patients with non-obstructive azoospermia and severe oligozoospermia." 
J Assist Reprod Genet 27 (2010): 17-21.

8.	 Dyer, Silke, Paversan Archary, Liezel Potgieter and Inge Smit, et al. "Assisted 
reproductive technology in Africa: A 5-year trend analysis from the African Network 
and Registry for ART." Reprod Biomed Online 41 (2020): 604-615.

9.	 McGowan-Jordan, Jean, Annet Simons and Michael Schmid. "ISCN 2016: An 
international system for human cytogenomic nomenclature (2016)."

10.	 World Health Organization. "WHO laboratory manual for the examination and 
processing of human semen." (2010). 

11.	 O'brien, Katherine LO'flynn, Alex C. Varghese and Ashok Agarwal. "The genetic 
causes of male factor infertility: A review." Fertil Steril 93 (2010): 1-12.

12.	 Malla, T. M., M. H. Zargar, N. Khan and R. Ahmed, et al. "Cytogenetic observations 
in infertile men with varying clinical findings: A case-only Study from Kashmir, North 
India." Ann Genet Genet Disord 1 (2018): 1002.

13.	 Singhal, Paresh, Ganesh Pendkur, Rituraj Singh Parihar and Sharanjit Singh, et 
al. "The spectrum of chromosomal abnormalities and endocrine profile of male 
infertility with nonobstructive semen abnormality: A case-control study." J Hum 
Reprod Sci 14(2021): 175.

14.	 Mvuyekure, B., C. Mutoni, E. A. Murinzi and W. Ngizwenayo, et al. "Prevalence of 
primary infertility caused by chromosomal abnormalities and assessment of clinical 
manifestations in Rwandan patients." Rwanda Med J 77 (2020): 1-5.

15.	 El-Dahtory, Faeza, Sohier Yahia, Rabab Ahmed Rasheed and Yahya Wahba. 
"Prevalence and patterns of chromosomal abnormalities among Egyptian patients 
with infertility: A single institution’s 5-year experience." Middle East Fertil Soc J 27 
(2022): 10.

16.	 Radojčić Badovinac, A., Buretić-Tomljanović, Nada Starčević and Miljenko Kapović, 

et al. "Chromosome studies in patients with defective reproductive success." Am J 
Reprod Immunol 44 (2000): 279-283.

17.	 Lissitsina, J., R. Mikelsaar and M. Punab. "Cytogenetic analyses in infertile men." 
Arch Androl 52 (2006): 91-95.

18.	 Chen, Shin-Wen, Chih-Ping Chen, Schu-Rern Chern and Yu-Ling Kuo, et al. 
"The significance of karyotyping and azoospermia factor analysis in patients with 
nonobstructive azoospermia or oligozoospermia." Taiwan J Obstet Gynecol 61 
(2022): 800-805.

19.	 Azimi, Cyrus, Malihea Khaleghian and Farideh Farzanfar. "Cytogenetic studies 
among Iranian infertile men: The first 20-year long-term report." Afr J Biotechnol 
11 (2012): 8973-8978.

20.	 Zhao, Pingsen, Xiaodong Gu, Heming Wu and Xunwei Deng. "Molecular and 
cytogenetic analysis of infertile Hakka men with azoospermia and severe 
oligozoospermia in Southern China." J Int Med Res 47 (2019): 1114-1123.

21.	 Pelzman, Daniel L. and Kathleen Hwang. "Genetic testing for men with infertility: 
Techniques and indications." Transl Androl Urol 10 (2021): 1354.

22.	 Stormont, Gavin D. and Christopher M. Deibert. "Genetic causes and management 
of male infertility." Transl Androl Urol 10 (2021): 1365.

23.	 American Urological Association.’’ Optimal evaluation of the infertile male. 

24.	 European Association of Urology - Uroweb.

25.	 Daar, Judith, Jean Benward, Lee Rubin Collins and Joseph B. Davis, et al. 
"Disclosure of sex when incidentally revealed as part of Preimplantation Genetic 
Testing (PGT): An Ethics Committee opinion." Fertil Steril 110 (2018): 625-627.

26.	 Ceylan, Cavit and Gulay Gulec Ceylan. "Genetics and male infertility." World J Clin 
Urol 4 (2015): 38-47.

27.	 Visootsak, Jeannie and John M. Graham. "Klinefelter syndrome and other sex 
chromosomal aneuploidies." Orphanet J Rare Dis 1 (2006): 1-5.

28.	 Talreja, Shyam M., Indraneel Banerjee, Sher Singh Yadav and Vinay Tomar. "A 
rare case of lateral ovotesticular disorder with Klinefelter syndrome mosaicism 46, 
XX/47, XXY: An unusual presentation." Urol Ann 7 (2015): 520.

29.	 Hassold, Terry, Patricia A. Hunt and Stephanie Sherman. "Trisomy in humans: 
Incidence, origin and etiology." Curr Opin Genet Dev 3 (1993): 398-403.

30.	 Essers, Rick, Igor N. Lebedev, Ants Kurg and Elizaveta A. Fonova, et al. 
"Prevalence of chromosomal alterations in first-trimester spontaneous pregnancy 
loss." Nat Med (2023): 1-10.

31.	 Griffin, Darren K. "Why PGT-A, most likely, improves IVF success." Reprod Biomed 
Online 45 (2022): 633-637.

32.	 Morales, Carmen. "Current applications and controversies in Preimplantation 
Genetic Testing for aneuploidies (PGT-A) in in vitro fertilization." Reprod Sci (2023): 
1-15.

How to cite this article: Mama Sy, Abdoulaye Séga Diallo, Racha Kamenda 
Ibondou and Mame Vénus Gueye, et al. “Pattern of Chromosome Abnormalities 
Related to Male Infertility in Senegal: A Prospective Study of 67 Cases.” J Cytol 
Histol 14 (2023): 711.

https://www.medtextpublications.com/open-access/chromosome-abnormalities-related-to-male-infertility-1350.pdf
https://www.mdpi.com/2075-1729/12/11/1840
https://www.mdpi.com/2075-1729/12/11/1840
https://apps.who.int/iris/bitstream/handle/10665/42576/92?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42576/92?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42576/92?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42576/92?sequence=1
https://www.humanreproductionarchives.com/article/doi/10.4322/hra.001018
https://www.humanreproductionarchives.com/article/doi/10.4322/hra.001018
https://www.sciencedirect.com/science/article/pii/S0015028203022118
https://www.sciencedirect.com/science/article/pii/S0015028203022118
https://www.sciencedirect.com/science/article/pii/S2468718918303210
https://link.springer.com/article/10.1007/s10815-009-9366-y
https://link.springer.com/article/10.1007/s10815-009-9366-y
https://www.sciencedirect.com/science/article/pii/S1472648320303709
https://www.sciencedirect.com/science/article/pii/S1472648320303709
https://www.sciencedirect.com/science/article/pii/S1472648320303709
https://cir.nii.ac.jp/crid/1130282272168007424
https://cir.nii.ac.jp/crid/1130282272168007424
https://apps.who.int/iris/bitstream/handle/10665/44261/9789750011245_tur.pdf
https://apps.who.int/iris/bitstream/handle/10665/44261/9789750011245_tur.pdf
https://www.sciencedirect.com/science/article/pii/S001502820903965X
https://www.sciencedirect.com/science/article/pii/S001502820903965X
https://www.remedypublications.com/open-access/cytogenetic-observations-in-infertile-men-with-varying-clinical-findings-a-case-only-study-from-kashmir-north-india-430.pdf
https://www.remedypublications.com/open-access/cytogenetic-observations-in-infertile-men-with-varying-clinical-findings-a-case-only-study-from-kashmir-north-india-430.pdf
https://www.remedypublications.com/open-access/cytogenetic-observations-in-infertile-men-with-varying-clinical-findings-a-case-only-study-from-kashmir-north-india-430.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8279061/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8279061/
https://www.rwandamedicaljournal.org/uploads/1/2/2/1/122149944/op.19.54.pdf
https://www.rwandamedicaljournal.org/uploads/1/2/2/1/122149944/op.19.54.pdf
https://www.rwandamedicaljournal.org/uploads/1/2/2/1/122149944/op.19.54.pdf
https://link.springer.com/article/10.1186/s43043-022-00101-x
https://link.springer.com/article/10.1186/s43043-022-00101-x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.8755-8920.2000.440505.x
https://www.tandfonline.com/doi/abs/10.1080/01485010500316030
https://www.sciencedirect.com/science/article/pii/S1028455922002108
https://www.sciencedirect.com/science/article/pii/S1028455922002108
https://www.ajol.info/index.php/ajb/article/view/127343
https://www.ajol.info/index.php/ajb/article/view/127343
https://journals.sagepub.com/doi/abs/10.1177/0300060518816253
https://journals.sagepub.com/doi/abs/10.1177/0300060518816253
https://journals.sagepub.com/doi/abs/10.1177/0300060518816253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8039607/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8039607/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8039619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8039619/
https://www.auanet.org/guidelines/male- infertility-optimal-evaluation-best-practice-statement. Accessed December 14, 2019.
https://uroweb.org/
https://www.sciencedirect.com/science/article/pii/S0015028218304953
https://www.sciencedirect.com/science/article/pii/S0015028218304953
https://www.wjgnet.com/2219-2816/full/v4/i1/38.htm
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-1-42
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-1-42
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4660710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4660710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4660710/
https://www.sciencedirect.com/science/article/pii/0959437X93901112
https://www.sciencedirect.com/science/article/pii/0959437X93901112
https://www.nature.com/articles/s41591-023-02645-5
https://www.nature.com/articles/s41591-023-02645-5
https://www.sciencedirect.com/science/article/pii/S1472648322002176
https://link.springer.com/article/10.1007/s43032-023-01301-0
https://link.springer.com/article/10.1007/s43032-023-01301-0

	Abstract

