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Objective: As paternal age increases, the quality of sperm decreases due to increased DNA fragmentation and aneuploidy. Higher levels of 
structural chromosomal aberrations in the gametes ultimately decrease both the morphologic quality of embryos and the pregnancy rate. In 
this study, we investigated whether paternal age affected the euploidy rate.
Methods: This study was performed using the medical records of patients who underwent in vitro fertilization (IVF) procedures with preim-
plantation genetic screening (PGS) from January 2016 to August 2017 at a single center. Based on their morphological grade, embryos were 
categorized as good- or poor-quality blastocysts. The effects of paternal age were elucidated by adjusting for maternal age. 
Results: Among the 571 total blastocysts, 219 euploid blastocysts were analyzed by PGS (38.4%). When the study population was divided into 
four groups according to both maternal and paternal age, significant differences were only noted between groups that differed by maternal 
age (group 1 vs. 3, p = 0.031; group 2 vs. 4, p = 0.027). Further analysis revealed no significant differences in the euploidy rate among the groups 
according to the morphological grade of the embryos. 
Conclusion: Paternal age did not have a significant impact on euploidy rates when PGS was performed. An additional study with a larger sam-
ple size is needed to clarify the effects of advanced paternal age on IVF outcomes.
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Introduction

Couples delay childbearing due to higher education, increased par-
ticipation of women in the workforce, and improved contraception. 
Assisted reproductive technology (ART) has also extended the repro-
ductive window. Many studies have shown that maternal age is a 
major factor that affects the success rate of ART. In older women un-

dergoing in vitro fertilization (IVF), the number of retrieved oocytes 
[1], fertilization rate [2], and implantation rate [3] are lower than in 
younger patients. Paternal age is also increasing [4], but the effect of 
paternal age on IVF has been studied much less, and the results are 
conflicting. 

A systematic review of 10 studies on the association between pa-
ternal age and ART outcomes did not show clear correlations be-
tween advanced paternal age and the rates of fertilization, implanta-
tion, pregnancy, miscarriage, and live birth [5]. Another recent meta-
analysis investigated 12 studies on the influence of paternal age on 
oocyte donation outcomes to exclude bias due to the factor of ma-
ternal age [6]. Similarly, no statistically significant correlation be-
tween advanced paternal age and clinical outcomes was found.

In contrast, some studies reported negative effects of advanced pa-
ternal age on ART outcomes. For instance, 237 oocyte donation cy-
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cles were reviewed and the implantation rate significantly declined 
with increasing paternal age [7]. Each 5-year increase in paternal age 
was associated with 26% lower odds of live birth. An observational 
study comparing sperm genomic decay in young and advanced pa-
ternal age groups showed increased DNA fragmentation, chromatin 
decondensation, and sperm aneuploidy rates in older men [8]. IVF 
outcomes such as the decision to perform embryo transfer, the clini-
cal pregnancy rate, and the miscarriage rate were also negatively af-
fected. Therefore, this study aimed to investigate the effect of pater-
nal age on euploidy in embryos and clinical outcomes after IVF and 
preimplantation genetic screening (PGS).

METHODS

1. Patients
This was a retrospective study reviewing the medical records of in-

fertile patients undergoing IVF procedures from January 2016 to Au-
gust 2017 at the Fertility Center of CHA Gangnam Medical Center. 
Patients who responded normally to ovarian stimulation were re-
cruited. The normal responders were selected according to age, anti-
Müllerian hormone (AMH) levels, follicle-stimulating hormone (FSH) 
levels, and number of aspirated oocytes. PGS at the blastocyst stage 
was offered to infertile patients of advanced age ( ≥ 35 years), and/or 
with ≥ 3 unexplained recurrent pregnancy losses and/or ≥ 3 recur-
rent implantation failures. Patients who did not undergo PGS and 
those who underwent 3-day embryo transfer were excluded from 
the study population. Study participants were grouped according to 
age: women aged < 35 years and men aged ≤ 38 years (group 1), 
women aged < 35 years and men aged > 38 years (group 2), women 
aged ≥ 35 years and men aged ≤ 38 years (group 3), and women 
aged ≥ 35 years and men aged > 38 years (group 4). The paternal 
age cutoff of 38 years was defined according to the most equilibrat-
ed distribution of cases in both age groups and on the basis of an-
other study [9].

2. Clinical protocols
Gonadotropin-releasing hormone (GnRH) antagonist and agonist 

protocols were mostly used in this study. The following medications 
were used in these protocols: recombinant FSH (Gonal-F, Merck, 
Darmstadt, Germany; Pergoveris, Merck), a GnRH antagonist (Cet-
rotide, Merck), and a GnRH agonist (Lorelin; Dongkook Pharmaceuti-
cal, Seoul, Korea). Recombinant FSH doses were formulated accord-
ing to the patient’s antral follicular count, AMH level, and previous re-
sponse to stimulation. 

Transvaginal ultrasound was performed to monitor the follicular re-
sponse to stimulation, and gonadotropin doses were adjusted ac-
cordingly. Final oocyte maturation was triggered with recombinant 

human chorionic gonadotropin (hCG) (Ovidrel, Merck) when there 
were ≥ 2 follicles with a mean diameter ≥ 17 mm. Ultrasound-guid-
ed oocyte retrieval under conscious sedation was performed 34–36 
hours after the trigger. Luteal phase support was provided with pro-
gesterone vaginal suppositories (Utrogestan; Han Wha Pharma, 
Seoul, Korea) starting on the day of ovum pick-up. The β-hCG level 
was checked 10–12 days after embryo transfer. 

3. Embryo culture, grading, and biopsy procedures
Intracytoplasmic sperm injection (ICSI) was used to fertilize all the 

embryos from fresh cycles. Of the thawed embryo transfer (TET) cy-
cles, ICSI was used in 57%, half-ICSI (ICSI and conventional IVF com-
bined) in 15.9%, and conventional IVF in 27.1%, since for some pa-
tients, clinicians decided to perform PGS after embryo cryopreserva-
tion. For ICSI, the collected semen was liquefied for 30 minutes on a 
37°C hot plate, after which sperm motility was evaluated [10]. Semen 
analysis was done, and semen samples with a normal sperm count 
and motility were washed two times with 10% SPS including Ham’s 
F-10 media by centrifuge. Motile spermatozoa were collected using 
the swim-up method. The general condition of each spermatozoon 
was thoroughly checked by first inspecting its general motility and 
morphology (head, midpiece, and tail), and then its head shape was 
evaluated. A spermatozoon was considered to have normal mor-
phology when its head length was 5–7 μm, its width was 2–3 μm, 
and the acrosome distribution was more than 70% [11]. After select-
ing normal sperm, ICSI was performed under microscopy with × 200 
magnification. In total, ICSI was used in 73.7% of cycles, half-ICSI in 
9.7%, and conventional IVF in 16.6%. Fertilization was confirmed 
when the two-pronucleus stage was observed after 16–20 hours. 
During the cleavage stage, embryos were cultured in cleavage medi-
um (Cook, Eight Mile Plains, Australia), and then transferred to blas-
tocyst medium (Cook) on day 3.

Embryos were cultured in incubators (HERAcell 240i; Thermo Fisher 
Scientific, Waltham, MA, USA) under 5% O2 and 6% CO2 at 37°C. Oil 
drop culture was done using a four-well dish (Nunc, Thermo Fisher 
Scientific). In 20-µL drops, a single round of embryo culture was car-
ried out to facilitate the observation of embryonic development. 
Light paraffin oil (Ovoil; Vitrolife, Göteborg, Sweden) was dropped 
onto the media to prevent it from drying or undergoing a rapid pH 
change.

Morphological grading of the embryos after culture was done on 
day 5 (Figure 1). Embryo quality on day 5 was assessed according to 
the criteria of Gardner and Schoolcraft [12]. Good-quality embryos 
on day 5 were defined as those with a blastocoel equal to or greater 
than half the volume of the embryo and a good inner cell mass and 
trophectoderm (TE). Based on the morphological grade, the embryos 
were categorized as good-quality blastocysts (excellent, good, or av-
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erage) and poor-quality blastocysts.
All embryos were biopsied on day 5, during the blastocyst stage. TE 

biopsy was done from blastocysts that were cultured after conven-
tional IVF or ICSI using a pair of micromanipulators (NT- 88; Narishige, 
Tokyo, Japan) with a microscope (TE-2000; Nikon, Tokyo, Japan). The 
culture medium consisted of G-PGD (Vitrolife) with 5% human albu-
min solution (Vitrolife). For the TE biopsy, the embryos were immobi-
lized with a holding pipette (left side), and the zona pellucida was 
perforated using laser pulses with a ZILOS-tk noncontact laser (Ham-
ilton Thorne Biosciences, Beverly, MA, USA). Using the right-side bi-
opsy pipette, gentle suction of the TE cells was performed through 
the zona pellucida perforation. The cells were eventually separated 
out of the zona pellucida. The biopsied TE cells were washed with 
Dulbecco’s phosphate-buffered saline (with Ca2+ and Mg2+ removed) 
and placed in RNase/DNase-free 0.2-mL polymerase chain reaction 
(PCR) tubes for referral to MG-MED Inc. (Seoul, Korea) for PGS. The bi-

opsied blastocysts were then cultured in sterile oil-covered media 
under 6% CO2 and 5% O2 at 37°C, and observations were made at 24- 
to 48-hour intervals to check the development of the embryos.

Embryo transfer was performed on day 6 under transabdominal 
sonographic guidance. Surplus embryos that were left after transfer 
were cultured, and the good-quality blastocysts on day 5 underwent 
PGS. Only normal euploid embryos were cryopreserved on day 6.

4. PGS (array comparative genomic hybridization) protocol
The biopsied cells were washed and collected in a PCR tube with 2.5 

μL of PBS. The DNA from the biopsied cells was extracted and ampli-
fied using a MG Flex single-cell whole genome amplification kit (MG 
Flex; MGmed, Seoul, Korea) following the manufacturer’s protocol. 
Approximately 3 μg of amplified DNA was used in the array compar-
ative genomic hybridization (aCGH) experiments (MGmed). Briefly, 
the amplified DNA was labeled with Cy-3 and Cy-5 deoxycytidine tri-

Figure 1. Examples of evaluations of human blastocyst morphology. (A) High-quality expanded blastocyst: type A ICM, type A TE. (B) High-
quality hatched blastocyst: type A ICM, type A TE. (C) Low-quality hatching blastocyst: type C ICM, type C TE. (D) Low-quality hatched blasto-
cyst: type C ICM, type C TE. (A-D) × 100 magnification. ICM, inner cell mass; TE, trophectoderm.
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phosphate for 3 hours using a random priming method. The labeled 
DNA was purified, dissolved in hybridization buffer, and hybridized 
overnight. The slides were washed several times and dried. Images of 
the slides were acquired with a GenePix 4000B dual-laser scanner 
(Axon Instruments, Union City, CA, USA) and analyzed with MGView-
er analysis software (MGmed).

5. Outcome measures and statistical analysis
Clinical pregnancy was defined as the presence of at least one ges-

tational sac and a fetal heartbeat at week 7 after transfer. Women 
over 16 weeks of gestation were defined as having an ongoing preg-
nancy. Continuous data are expressed as mean ± standard deviation 
unless stated otherwise, and categorical variables are presented as 
absolute numbers and percentage. The data were analyzed using the 
Student t-test and the chi-square test. The analysis of clinical out-
comes between different paternal age groups was done using the 
Mantel-Haenszel chi-square test to adjust for maternal age differenc-
es. All statistical analyses were performed using IBM SPSS ver. 25.0 
(IBM Corp., Armonk, NY, USA). The p-values < 0.05 were considered 
to indicate statistical significance.

6. Ethics statement
The study was approved by the Institutional Review Board of CHA 

Gangnam Medical Center (IRB No. GCI-17-40). Consent to participate 
was waived due to its retrospective nature and only medical records 
were used in this analysis.

Results

A total of 175 cycles were included: 68 were fresh cycles and 107 
were cryopreserved to be used in TET afterwards. Altogether, embryo 
transfer was performed in 107 cycles. Among the 571 total blasto-
cysts, 219 euploid blastocysts were analyzed by PGS (38.4%) and the 
IVF cycle characteristics are shown in Table 1. Table 2 describes the 
outcomes of the cycles in which embryo transfer was performed. A 
total of 140 euploid embryos were transferred and 46.4% succeeded 
in implantation; furthermore, 50.5% of the 107 transferred cycles re-
sulted in clinical pregnancy, and 21.5% of the implanted embryos 
aborted.

Table 3 shows the characteristics and IVF outcomes of the euploid 
embryo transfers by dividing them into four groups according to ma-
ternal and paternal age. In groups 1 and 2, with a maternal age be-
low 35, the euploidy rates were 47.6% and 47.2%, respectively. In 
groups 3 and 4, with advanced maternal age, the euploidy rates were 
35.7% and 28.6%, respectively. Correlations were analyzed based on 
this division of the study population into four groups (Figure 2A). Sig-
nificant differences were only found between groups 1 and 3 and 
between groups 2 and 4 (group 1 vs. 3: p = 0.031; group 2 vs. 4: 
p = 0.027), demonstrating that advanced paternal age did not have a 
major influence on the embryo euploidy rate, but advanced mater-
nal age did have a significant impact. This supports the proposal that 

Table 2. Embryo and clinical outcomes   

Variable Value

No. of cycles 175
   All cryopreservation 26
   No ET 42
   ET 107
No. of euploid blastocysts 219
   Cryopreservation 57
   Refreezing 5
   Discard 17
   ET 140
Clinical pregnancy rate  50.5 (54/107)
   Implantation rate  46.4 (65/140)
   Abortion rate 21.5 (14/65)
   Twin gestation rate  8.4 (9/107)

Values are presented as percent (number) unless otherwise indicated.
ET, embryo transfer.    

Table 1. IVF cycle characteristics and outcomes

Variable Value

No. of cycles 175
Overall average female age (yr) 36.0 ± 3.8
Overall average paternal age (yr) 38.8 ± 5.0
Overall average difference between paternal 
 and maternal age (yr) 

2.9 ± 3.6

BMI (kg/m2) 21.2 ± 3.2
No. of previous IVF attempts 2.4 ± 0.7
AMH concentration (ng/mL) 4.8 ± 4.0
Antral follicle count 14.7 ± 8.4
Basal E2  concentration (pg/mL) 46.8 ± 28.6
Basal LH concentration (mIU/mL) 5.3 ± 2.6
Basal FSH concentration (mIU/mL) 6.6 ± 2.3
E2 concentration on hCG day (pg/mL) 3,591.4 ± 2,272.5
LH concentration on hCG day (mIU/mL) 3.1 ± 3.2
Progesterone concentration on hCG day (ng/mL) 1.0 ± 0.6
Overall average endometrial thickness on 
 hCG day (cm)

1.0 ± 0.2

No. of total oocytes 2,959
Fertilized oocytes   71.0 (2,100/2,959)
No. of blastocysts analyzed for PGS 571
Euploid blastocysts 38.4 (219/571)

Values are presented as mean ± standard deviation or percent (number).
IVF, in vitro fertilization; BMI, body mass index; AMH, anti-Müllerian hormone; 
E2, estradiol; LH, luteinizing hormone; FSH, follicle-stimulating hormone; hCG, 
human chorionic gonadotropin; PGS, preimplantation genetic screening.
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maternal age is more closely correlated than paternal age with hu-
man embryo development. 

Further analysis was done to determine whether paternal age had 
an effect on the euploidy rate depending on the morphological 
grade of the blastocysts. The euploidy rates of good- and poor-grade 
blastocysts were 65.8% and 47.5% in group 1; 63.6% and 40% in 

group 2; 44.1% and 28.6% in group 3; and 29.3% and 27.8% in group 
4, respectively (Figure 2B). Although the proportions seemed to de-
crease as age increased, comparisons among the groups did not 
show any significant differences (group 1 vs. 2, p = 0.584; group 3 vs. 
4, p = 0.284; group 1 vs. 3, p = 0.747; group 2 vs. 4, p = 0.190). Thus, no 
correlation was found between paternal age and the euploidy rate 

Table 3. IVF cycle characteristics and outcomes with subjects divided into four groups by maternal and paternal age 

Variable Group 1 Group 2 Group 3 Group 4 p-value

No. of cycles 58 12 37 68
Average maternal age (yr) 32.0 ± 1.8 33.42 ± 0.8 36.9 ± 1.9 39.3 ± 2.4 < 0.001
Average paternal age (yr) 34.5 ± 2.4 40.83 ± 2.4 36.6 ± 1.9 43.4 ± 4.0 < 0.001
Average difference: paternal–maternal age (yr) 2.6 ± 2.2  7.42 ± 2.5 –0.3 ± 2.7  2.9 ± 2.1 < 0.001
BMI (kg/m2) 21.1 ± 3.6 22.48 ± 4.2  21.1 ± 2.6 21.1 ± 3.1 0.55
No. of previous IVF attempts  2.0 ± 1.3  2.83 ± 5.7   2.1 ± 1.4  2.9 ± 2.1 0.11
AMH concentration (ng/mL)  4.7 ± 3.3  4.31 ± 2.5   4.1 ± 3.4  5.3 ± 4.9 0.80
Antral follicle count 16.3 ± 7.4  13.83 ± 11.0  13.4 ± 6.5 14.2 ± 9.5 0.18
Basal E2 concentration (pg/mL)  44.3 ± 24.8  35.37 ± 13.7   43.4 ± 17.3  52.8 ± 36.9 0.22
Basal LH concentration (mIU/mL)  5.0 ± 2.0  6.68 ± 3.5   5.2 ± 2.6  5.3 ± 3.0 0.30
Basal FSH concentration (mIU/mL)  6.5 ± 2.4  6.67 ± 1.3   6.8 ± 2.2  6.4 ± 2.4 0.69
E2 concentration on hCG day (pg/mL) 3,614.2 ± 1,802.8 4,416.1 ± 2,502.6 3,332.3 ± 1,993.6 3,566.8 ± 2,714.5 0.67
LH concentration on hCG day (mIU/mL) 2.9 ± 2.4  3.84 ± 3.3   2.3 ± 2.3 3.7 ± 4.2 0.38
Progesterone concentration on hCG day (ng/mL) 1.0 ± 0.5  1.12 ± 0.6   0.9 ± 0.7 1.0 ± 0.5 0.95
Average endometrial thickness on hCG day (cm) 1.0 ± 0.2  1.05 ± 0.3   1.0 ± 0.2 0.9 ± 0.2 0.07
No. of total oocytes 18.6 ± 10.9  18.5 ± 8.6  15.9 ± 7.4 15.7 ± 11.0 0.29
Fertilized oocyte (%) 67.7 70.7 71 74.3 0.39
No. of blastocysts analyzed for PGS 210 36 129 196 - 
Euploid blastocyst  47.6 (100/210)  47.2 (17/36)   35.7 (46/129)  28.6 (56/196) 0.001
Abortion rate 2.4 (1/41)   0 (0/8) 20.0 (4/20) 18.4 (7/38) -
Clinical pregnancy rate 51.2 (21/41) 37.5 (3/8)  65.0 (13/20)  44.7 (17/38) 0.44

Values are presented as mean ± standard deviation or percent (number) unless otherwise indicated. Group 1: maternal age (MA) < 35 year, paternal age (PA) 
≤ 38 year; Group 2: MA < 35 year, PA > 38 year; Group 3: MA ≥ 35 year, PA ≤ 38 year; Group 4: MA ≥ 35 year, PA > 38 year. 
IVF, in vitro fertilization; BMI, body mass index; AMH, anti-Müllerian hormone; E2, estradiol; LH, luteinizing hormone; FSH, follicle-stimulating hormone; hCG, hu-
man chorionic gonadotropin; PGS, preimplantation genetic screening.  

Figure 2. Embryo euploidy rates by maternal and paternal age and morphological grade. (A) Comparisons of the embryo euploidy rate with 
the study population divided into four groups by maternal and paternal age. Only the comparisons among groups 1 vs. 3 and 2 vs. 4 showed 
significant differences, demonstrating that advanced paternal age did not influence the embryo euploidy rate, while advanced maternal age 
had a significant impact. Group 1: maternal age (MA) < 35 year, paternal age (PA) ≤ 38 year; Group 2: MA < 35 year, PA > 38 year; Group 3: MA 
≥ 35 year, PA ≤ 38 year; Group 4: MA ≥ 35 year, PA > 38 year. (B) The euploidy rates of blastocysts with different morphological grades showed 
no significant differences among the four groups. NS, not significant.
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depending on the morphological grade of the blastocysts.
Figure 3 demonstrates the differences between the paternal age 

groups in clinical outcomes after adjusting for maternal age. The im-
plantation rate (paternal age ≤ 38 vs. > 38 years: 57.4% vs. 43.5%, 
p = 0.061) and ongoing pregnancy rate (47.5% vs. 30.4%, p = 0.275) 
were higher for the younger age group, but this trend was not statis-
tically significant. The abortion rate (8.2% vs. 15.2%, p = 0.798) was 
also higher in the older paternal age group, but without significance, 
meaning that paternal age did not significantly influence the clinical 
outcomes of IVF.

Discussion

This study aimed to evaluate the potential effects of increasing pa-
ternal age on embryo aneuploidy and clinical outcomes. The statisti-
cal analysis demonstrated that maternal age had a major effect on 
the euploidy of the embryo, but paternal age did not have a signifi-
cant impact. The relationships of paternal age with the euploidy rate 
and clinical outcomes such as the implantation, ongoing pregnancy, 
and abortion rates were not significant. To summarize, paternal age 
did not show a significant influence on these pregnancy-related out-
comes when IVF with PGS was utilized.

Some data supporting the hypothesis that older parental age affects 
fertility potential have been reported. Several studies have found that 
older paternal age led to deteriorated sperm parameters such as re-
duced semen volume, sperm concentration, motility, and normal 
morphology [13,14]. These trends may be due to the increasing inci-
dence of urogenital infections with age, as well as the accumulation of 
toxins and vascular diseases that alter the anatomy and function of 
the seminal pathway [15]. Furthermore, correlations between older 

paternal age and DNA damage have demonstrated that increased pa-
ternal age is associated with higher rates of mutations [16-18]. 

However, the present study demonstrated that the embryo and 
clinical outcomes were not significantly different between the two 
paternal age groups. A recent study also reported that several pater-
nal variables, including age, body mass index, and sperm parameters, 
had negligible effects on the clinical outcomes of donor oocyte IVF 
[19]. Moreover, the findings of this study are in accordance with pre-
vious research showing that poor sperm parameters did not impact 
pregnancy outcomes when ICSI was utilized, since ICSI minimized 
the detrimental effect of the lowest-quality semen samples on fertil-
ization [20-22].

Two prior studies utilized PGS to evaluate the effect of increased 
paternal age on embryo ploidy. The first study was a retrospective re-
view of 286 embryos from 32 IVF cycles with ICSI and donated oo-
cytes [23]. The researchers used 12-chromosome fluorescence in situ 

hybridization (FISH) analysis and found significantly higher rates of 
DNA damage in sperm and aneuploidy in embryos of men older 
than 50. However, the FISH method is known to be less accurate for 
detecting chromosomal abnormalities, whereas aCGH is a more de-
veloped and sensitive technology [24]. Therefore, the study by Gar-
cia-Ferreyra et al. [23] may have had a greater number of falsely diag-
nosed euploid embryos, leading to different results from those of the 
present study. The second study by Tiegs et al. [25] was a recent ret-
rospective study utilizing aCGH that showed similar results to this 
study. The study investigated 573 single thawed euploid embryo 
transfers from 473 patients undergoing oocyte donor and autolo-
gous IVF cycles, and concluded that there was no significant differ-
ence in pregnancy outcomes across all paternal age categories after 
euploid embryo transfer.

The major limitation of this study is its retrospective nature. The 
numbers of study subjects in each of the four groups were not even, 
and the total number of participants was small due to the short fol-
low-up period. A future study with a longer follow-up period and 
larger study population will be helpful for confirming this study’s 
findings. Additionally, it would be advisable to have longer follow-up 
periods to determine whether older paternal age is associated with 
more congenital anomalies or developmental disorders. Such a long-
term evaluation was beyond the scope of this study, and future well-
designed prospective studies should investigate these issues. In con-
clusion, paternal age did not significantly influence the embryo eu-
ploidy rate. Clinical outcomes such as the pregnancy and abortion 
rates were also not significantly affected. 
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groups after adjusting for maternal age. The implantation and ongo-
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Therefore, paternal age did not have a significant influence on clini-
cal outcomes.
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