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EMBRYO PLOIDY AND CLINICAL OUTCOMES IN IVF CYCLES USING PREIMPLANTATION GENETIC TESTING FOR ANEUPLOIDY: A PRELIMINARY RETROSPECTIVE STUDY (Abstract): Embryonic chromosomal abnormalities represent a major cause of implantation failure and poor reproductive outcomes in assisted reproductive technologies (ART), particularly in couples of advanced reproductive age. Preimplantation genetic testing for aneuploidy (PGT‑A) has been increasingly applied to improve embryo selection; however, clinical outcomes remain influenced by multiple maternal and paternal factors. Materials and methods: This preliminary retrospective study included 31 couples undergoing In Vitro Fertilization-Intracytoplasmic Sperm Injection (IVF-ICSI) with PGT‑A. A total of 104 blastocyst‑stage embryos were biopsied and analyzed using comprehensive chromosome screening. Maternal and paternal age, serum anti‑Müllerian hormone (AMH) levels, spermogram diagnosis, embryo ploidy status, embryo transfer, clinical pregnancy, and live birth outcomes were assessed descriptively. Results: The mean maternal age was 38.36 years and the mean paternal age was 41.67 years, while the mean serum AMH level was 1.82 ng/mL. Among the 104 embryos analyzed, 50 (48.1%) were euploid and 54 (51.9%) were non‑euploid, including aneuploid, mosaic, degenerated, or inconclusive embryos. Male factor infertility, predominantly moderate to severe teratozoospermia, was frequently observed. Nineteen euploid embryos were transferred, resulting in seven confirmed clinical pregnancies and one live birth. Binary logistic regression revealed that both maternal age (p=0.006) and paternal age (p=0.047) were significant predictors of embryo euploidy. Conclusions: This study demonstrates that while a categorical age cutoff at 38 may mask biological trends, using both maternal and paternal age as continuous variables can significantly predict embryo aneuploidy. While PGT‑A facilitates the selection of chromosomally normal embryos, reproductive outcomes remain dependent on a complex interplay of maternal age, ovarian reserve, and male factor infertility. Larger prospective studies are required to further clarify the clinical utility of PGT‑A in routine IVF practice. Keywords: IN VITRO FERTILIZATION, PGT‑A, EMBRYOPLOIDY, MATERNAL AGE. 
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INTRODUCTION
Embryonic chromosomal abnormalities are the major genetic cause of implantation failure, early pregnancy loss, and low live birth rates in assisted reproductive technologies (ART) (1, 2). Numerous cytogenetic and genomic investigations have revealed that aneuploidy affects a significant number of embryos produced through in vitro fertilization (IVF), with reported rates ranging from 40% to more than 60%, depending on mother age and embryo developmental stage (3, 4).
Maternal age is regarded as the most important predictor of embryo chromosomal status. Age-related aneuploidy is caused by meiotic nondisjunction during oocyte maturation, resulting in chromosomal abnormalities that disrupt normal embryonic development (2, 5). After the age of 35, euploidy rates sharply fall, accompanied by lower implantation rates and an increased chance of miscarriage (4, 6).
Preimplantation genetic testing for aneuploidy (PGT-A) complements morphological screening to improve embryo selection by detecting chromosomally normal embryos before transfer (7). Next-generation sequencing (NGS) has improved the detection of aneuploidies, mosaicism, and other chromosomal abnormalities (8). Several studies have shown that transferring euploid embryos improves implantation efficiency and reduces miscarriage rates (9, 10). However, the impact of PGT-A on cumulative live birth rates each starting IVF cycle is still contested (11-13).
Aside from mother age, other female and male factors may influence embryo chromosomal competence. Anti-Müllerian hormone (AMH) is a widely utilized ovarian reserve marker to estimate reproductive capacity, but its connection with embryo euploidy is debatable (14-16). Male factor infertility, specifically poor sperm shape and motility, has been associated to an increased risk of embryonic chromosomal abnormalities, particularly those involving sex chromosomes (17-19). Real-world clinical evidence is crucial for addressing continuing disputes. This retrospective study aimed to assess embryo ploidy distribution and clinical outcomes in couples having IVF-ICSI with PGT-A, focusing on parental age, ovarian reserve, and male factor infertility.

MATERIALS AND METHODS
This retrospective observational study comprised 31 couples who had IVF-ICSI cycles with PGT-A. A total of 104 blastocyst-stage embryos from these couples were recovered and genetically examined. Embryos were grown following normal IVF laboratory techniques. At the blastocyst stage, a trophectoderm biopsy was performed. Biopsied cells were screened for 24 chromosomes using clinically validated PGT-A methods. The inner cell mass was maintained in all cases. The following variables were collected from each couple: mother and paternal age, serum AMH level, spermogram diagnosis, embryo ploidy status, embryo transfer, clinical pregnancy, and live birth outcomes. Embryos were classed as euploid or non-euploid, which includes aneuploid, mosaic, degenerated, or inconclusive results. Clinical pregnancy was defined as the detection of a gestational sac via ultrasound. A live birth was defined as the delivery of a viable newborn. Given the study's exploratory nature and small sample size, the analysis was descriptive. Continuous data are shown as means, and categorical variables as numbers and percentages.

RESULTS
The investigation comprised 104 embryos from 31 different couples. The mean maternal age was 38.36 years and the mean paternal age was 41.67 years. The mean serum AMH level was 1.82 ng/mL, indicating a low to moderate ovarian reserve. Baseline demographic and clinical characteristics of the study population are summarized in (tab. I).


TABLE I.
Baseline characteristics of the study population
	
	Values

	Number of couples
	31

	Total number of embryos analyzed
	104

	Mean maternal age (years)
	38.36

	Mean paternal age (years)
	41.67

	Mean serum AMH (ng/mL)
	1.82




Of the 104 embryos tested by PGT-A, 50 (48.1%) were euploid, whereas 54 (51.9%) were non-euploid, with full aneuploidies, mosaic chromosomal abnormalities, embryo degeneration, or equivocal diagnostic results. Embryo ploidy distribution following PGT‑A analysis is presented in (tab. II).


TABLE II.
Embryo ploidy distribution according to PGT‑A results
	Embryo ploidy status
	Number of 
embryos
	Percentage 
(%)

	Euploid
	50
	48.1

	Non‑euploid (aneuploid, mosaic, degenerated, inconclusive)
	54
	51.9

	Total
	104
	100




Abnormal sperm parameters were very common. Most spermograms revealed moderate to severe teratozoospermia, which was usually accompanied by asthenozoospermia and/or oligozoospermia. Male factor infertility characteristics are outlined in (tab. III), while embryo transfer and clinical outcomes are summarized in (tab. IV).
From the 50 euploid embryos identified, 19 embryos were transferred. Following embryo transfer, 7 clinical pregnancies were confirmed. Among these pregnancies, one resulted in a live birth, while the remaining cases were associated with pregnancy loss or were under follow‑up at the time of analysis. 










TABLE III.
Male factor infertility characteristics
	Spermogram diagnosis
	Observations

	Teratozoospermia (moderate/severe)
	Predominant diagnosis

	Astheno‑teratozoospermia
	Frequently associated

	Oligoasthenoteratozoospermia
	Present in several couples



TABLE IV.
Embryo transfer and clinical outcomes
	Outcome
	Number

	Euploid embryos identified
	50

	Euploid embryos transferred
	19

	Clinical pregnancies
	7

	Live births
	1




Maternal Age and Embryo Genetics. For our next statistical analysis, the female participants were divided into two groups: under 38 years (n=55) and 38 years or older (n=49). This categorization allowed us to use a chi-square test to further examine the relationship between maternal age and PGTA Status.
The results of this test demonstrated that embryo genetics did not differ significantly between the two age groups, χ2(1, 104) =1.01, p=0.315. More precisely, the distribution of euploid and non-euploid embryos in the group under 38 years old, was not significantly different compared to the 38 year or older group. Therefore, these findings suggest that, in our sample of patients, using a 38-year cutoff for maternal age did not result in a significant predictor of PGTA Status (fig. 1).
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Fig. 1. Distribution of PGTA Status by maternal age group (<38-year-old vs. to ≥38-year-old).





Sperm Diagnosis and Embryo Genetics. A new Chi-square test was also performed to analyze the relationship between sperm diagnosis and PGTA Status. The descriptive analysis showed that the distribution of euploid embryos was relatively similar across the three categories: teratozoospermia (52.5%), asthenoteratozoospermia (34.6%), and oligoasthenoteratozoospermia (50.0%).
Furthermore, the chi square test demonstrated that there was no statistically significant association between the type of sperm pathology and the genetic status of the embryos, χ2(3, 104) =3.46, p=0.325. Therefore, these findings suggest that the severity of the sperm diagnosis does not significantly predict the likelihood of obtaining a euploid embryo (fig. 2).
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Fig 2. Distribution of PGTA Status by Sperm diagnosis 
(T: Teratozoospermia; AT: Asthenoteratozoospermia; OAT: Oligoasthenoteratozoospermia).


PGTA Status and Transfer Selection. Furthermore, a third chi-square test was conducted to evaluate the relationship between PGTA Status and Transfer status. The results of this test were statistically significant and revealed a high association between embryo genetics and the clinical decision to proceed with transfer, χ2(1, 104) = 15.95, p<0.001.
The descriptive part of the analysis revealed that among the embryos that were selected for transfer (n=19), 89.5% were euploid, compared to only 10.5% that were non-euploid. On the other hand, in the group of embryos that were not transferred, the majority (61.2%) were non-euploid. Therefore, these statistically significant findings confirm that PGTA Status is the primary determinant for the embryo transfer procedure (fig. 3).

Clinical Outcomes of Transferred Embryos. In addition, the percentage analysis showed that out of the 104 embryos that were biopsied, 19 (18.3%) have reached the transfer stage. Furthermore, following the transfer of these embryos, 7 clinical pregnancies were confirmed. Therefore, this analysis shows that the clinical pregnancy rate is 36.8% per transfer. Moreover, from the measured pregnancies only one live birth was recorded (representing 5.2% per transfer). These findings highlight the high rate of pregnancy loss even after genetic screening (6 out of 7 pregnancies not reaching full term).
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Fig. 3. Comparison of Transfer status based on PGTA Status.


Predictors of Embryo Genetics: Logistic Regression Analysis. After the initial chi-square analyses, which used categorical age groups, produced only non-significant results, we decided to further explore this variable by applying a binary logistic regression to our data. Therefore, our regression model used two continuous variables (Maternal Age and Paternal Age) as factors and the PGTA Status as a dependent variable.
The results showed that the overall model was statistically significant, χ2(2) =19.82, p<0.001, indicating that the combination of both parental age variables significantly predicts embryo euploidy. Furthermore, the regression model explained between 17.4% (Cox & Snell R Square) and 23.2% (Nagelkerke R Square) of the observed variance in PGTA Status.
In addition, both predictors were found to be statistically significant individual factors. Specifically, for every year increase in maternal age, the odds of an embryo being euploid decreased by approximately 17.7% (B=−0.194, Wald=7.63, p=0.006, Exp(B) = 0.823). 
The fit line at total indicates a statistically significant decline in embryo genetic quality as maternal age increases (p=0.006) (fig. 4).
Similarly, paternal age was also an individually significant predictor, with each additional year reducing the odds of a healthy embryo by nearly 10% (B=−0.101, Wald=3.56, p=0.047, Exp(B)=0.904). The fit line at total indicates a statistically significant decline in embryo genetic quality as paternal age increases (p=0.047) (fig. 5).
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Fig. 4. Logistic regression curve showing the predicted probability 
of embryo euploidy based on maternal age. 
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Fig. 5. Logistic regression curve showing the predicted probability 
of embryo euploidy based on paternal age. 










The findings of this regression model demonstrate that while the categorical cutoff of 38 for maternal age might mask the biological trend, the continuous increase in both maternal and paternal age can significantly predict a higher risk of embryo aneuploidy in this sample of patients.
The present preliminary study provides real‑world data regarding embryo ploidy and clinical outcomes in IVF-ICSI cycles using PGT‑A. The observed euploidy rate of 48.1% is consistent with previously reported rates in populations with advanced maternal age (3, 4, 6). Large multicenter datasets have shown that euploidy rates decline markedly after 35-38 years, a pattern reflecting the maternal age distribution of our cohort (4, 5). Maternal age remains the dominant factor influencing embryo chromosomal competence. Numerous cytogenetic studies have demonstrated that most embryonic aneuploidies originate from errors during maternal meiosis I and II (2, 5). The high proportion of non‑euploid embryos observed in this study supports this well‑established biological mechanism.
Male factor infertility was very common in this study. Previous research has connected teratozoospermia and aberrant sperm chromatin to an increased risk of embryonic chromosomal abnormalities, including sex chromosome aneuploidies (17-19). Other studies, however, suggest that female age may outweigh male contributions when autologous oocytes are employed (20). Our data support the idea that male factor infertility may contribute to embryo chromosomal instability, but it is most likely a result of mother age effects.
Despite the transfer of euploid embryos, live birth rates remained modest. PGT-A enhances implantation efficiency and reduces miscarriage rates but does not raise cumulative live birth rates per IVF cycle (11-13). Beyond embryo ploidy, other factors such as uterine receptivity, endometrial health, and maternal systemic diseases may influence reproductive success (21).
The intrinsic limitation of PGT-A as a screening test rather than a diagnostic test is a crucial factor to consider when interpreting the current findings. Because of biological mosaicism and spatial variability inside the blastocyst, PGT-A relies on trophectoderm biopsy, which may not always precisely reflect the chromosomal constitution of the inner cell mass despite technical advancements (7,8). Concerns about false-positive and false-negative classifications have been raised by several studies that have shown a discrepancy between trophectoderm and inner cell mass ploidy (8, 11). Additionally, there is a diagnostic gray area when it comes to mosaic embryos because there is growing evidence that certain mosaic embryos can nevertheless produce healthy live births, especially when low-level mosaicism is present (9, 21). PGT-A should be read cautiously and linked with other clinical and embryological markers, not used as a solo determinant of embryo viability, due to its limitations.
Clinically, these findings emphasize the need for realistic patient counseling, especially for couples of advanced reproductive age receiving PGT-A. Although selecting euploid embryos improves implantation efficiency and lowers the chance of miscarriage, it does not address age-related biological restrictions that impact endometrial receptivity, placentation, and pregnancy maintenance (10-13). Large randomized and registry-based studies have consistently indicated that PGT-A may enhance time to pregnancy and per-transfer results in older patients, although cumulative live birth rates per starting IVF cycle frequently remain similar (11-13). Patients should be informed that PGT-A is a technique for increasing efficiency, not a guarantee of a live birth. Including ovarian reserve markers, male infertility characteristics, and customized clinical considerations in decision-making can improve outcomes for this complicated patient population (14-16, 19).

CONCLUSIONS
This early retrospective investigation reveals a high frequency of embryonic chromosomal abnormalities among IVF patients of advanced reproductive age. 
Most importantly, the regression analysis used in our statistical analysis confirms that both maternal and paternal age act as individual significant predictors of embryo genetics. PGT-A is a useful embryo selection strategy in this group, although euploidy does not guarantee a live birth. Maternal age, ovarian reserve, and male factor infertility all appear to influence reproductive outcomes. Larger prospective studies are needed to further understand these interactions.
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