
ORIGINAL ARTICLES: ANDROLOGY
Impact of paternal age on embryology
and pregnancy outcomes in the
setting of a euploid single-embryo
transfer with ejaculated sperm:
retrospective cohort study

Brent M. Hanson, M.D.,a,b Julia G. Kim, M.D., M.P.H.,a,b Emily K. Osman, M.D.,a,b Ashley W. Tiegs, M.D.,a,b

Ruth B. Lathi, M.D.,c Philip J. Cheng, M.D.,a Richard T. Scott Jr., M.D., H.C.L.D.,a,b

and Jason M. Franasiak, M.D., H.C.L.D.a,b

a Department of Reproductive Endocrinology & Infertility, IVI-Reproductive Medicine Associates of New Jersey, Basking
Ridge, New Jersey; b Division of Reproductive Endocrinology & Infertility, Department of Obstetrics & Gynecology,
Sidney Kimmel Medical College at Thomas Jefferson University, Philadelphia, Pennsylvania; and c Division of
Reproductive Endocrinology & Infertility, Department of Obstetrics & Gynecology, Stanford Fertility & Reproductive
Health Center, Sunnyvale, California
Objective: To evaluate the impact of paternal age on embryology and pregnancy outcomes in the setting of a euploid single-embryo
transfer.
Design: Retrospective cohort study.
Setting: Not applicable.
Patient(s): Couples undergoing a first in vitro fertilization cycle with fresh ejaculated spermwho used intracytoplasmic sperm injection
for fertilization followed by preimplantation genetic testing for aneuploidy and single-embryo transfer of a euploid embryo between
January 2012 and December 2018.
Intervention(s): Not applicable.
Main Outcome Measure(s): Embryology outcomes assessed were fertilization rate, blastulation rate, and euploid rate. Pregnancy out-
comes assessed included positive human chorionic gonadotropin rate, delivery rate, biochemical loss rate, and clinical loss rate.
Results: A total of 4,058 patients were assessed. After adjusting for female age, increased paternal age in the setting of fresh ejaculated
sperm use was associated with decreased blastulation and decreased euploid rate using 40 years as an age cutoff.
Conclusion(s): In this study, advancing paternal age appears to have a detrimental impact on rates of blastocyst formation and euploid
status. However, if a euploid embryo is achieved, older paternal age does not appear to affect negatively pregnancy outcomes. (Fertil
Steril Rep� 2020;1:99–105. �2020 by American Society for Reproductive Medicine.)
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O ver the last several decades, the
trend toward delayed father-
hood has become increasingly

common. It has been reported that
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mean paternal age is increasing in the
United States within all regions, races,
and education levels. In fact, between
1972 and 2015, the mean paternal age
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increased from 27.4 to 30.9 years (1).
As higher numbers of older men pursue
fatherhood, it becomes increasingly
important to understand whether
advanced paternal age has a detri-
mental effect on embryology and preg-
nancy outcomes. Despite numerous
studies evaluating the impact of older
paternal age on reproductive outcomes,
the true effect of paternal age remains
controversial (2–6).

Several studies have associated
older male partner age with diminished
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reproductive potential. Specifically, paternal age >40 years
has been associated with higher rates of failure to achieve
spontaneous conception (7). With the use of assisted repro-
ductive technology, older paternal age also has been associ-
ated with decreased blastocyst formation (8–10), higher
rates of pregnancy loss (8), and lower live birth rates (8, 11).
However, other studies have demonstrated no significant
differences in reproductive outcomes with advancing age of
the male partner (2, 4, 12, 13). The controversial nature of
the current literature likely stems from methodological
challenges in separating the paternal and maternal
contributions to reproduction.

To control for the negative effects of advanced maternal
age on embryo ploidy and quality, many clinical research
studies have used oocyte donor models or preimplantation
genetic testing for aneuploidy (PGT-A) protocols to stan-
dardize the population of interest (2, 6). By controlling for
maternal factors, researchers can determine more accurately
the paternal role in early embryo development and preg-
nancy. However, oocyte donor models may be insufficient
to evaluate the male contribution to fertility because younger
oocytes potentially can compensate for the lower reproduc-
tive potential of poor quality sperm (4). Additionally,
although the incorporation of PGT-A into a study design
appropriately controls for altered pregnancy outcomes related
to aneuploidy, PGT-A alone does not address the issue of em-
bryo and endometrial synchrony. If various maternal factors
lead to delayed embryo development, this could impact nega-
tively an embryo’s ability to implant during a fresh embryo
transfer cycle. Therefore, the issue of synchrony is best
addressed through the use of frozen embryo transfers and is
a factor that must be controlled. The use of cryopreserved
embryo transfers, which are temporally separate from the
ovarian stimulation cycle, can normalize the hormonal milieu
at the time of embryo transfer and enhance synchrony
between the embryo and the endometrium (14).

The current study investigates the relationship between
paternal age and reproductive outcomes in the setting of a
single-embryo transfer (SET). This study is unique from previ-
ous publications in that it controls for issues related to trans-
fer order, evaluates only embryos deemed to be euploid based
on PGT-A, controls for embryo and endometrial synchrony
through the use of frozen embryo transfers, uses intracyto-
plasmic sperm injection (ICSI) for fertilization in all cases,
and controls for female age and oocyte yield through a statis-
tical adjustment. The transfer of aneuploid embryos and
embryo-endometrial dyssynchrony are known to worsen
clinical outcomes, so controlling for these factors is a key
component in the evaluation of reproductive outcomes. Spe-
cifically, this study evaluates the relationship between
paternal age and fertilization rate, blastulation rate, euploid
rate, positive human chorionic gonadotropin (hCG) rate,
delivery rate, biochemical loss rate, and clinical loss rate.
MATERIALS AND METHODS
Study Subjects, Design, and Eligibility

This retrospective cohort study evaluates patients who had a
frozen SET performed between January 1, 2012 and December
100
31, 2018. This timeframe was selected because all embryos in
the study center were cultured to the blastocyst stage during
this period. The decision to evaluate frozen embryo transfers
ensured embryonic and endometrial synchrony at the time of
transfer. Institutional review board approval was obtained to
evaluate retrospective data (Reproductive Medicine Associ-
ates institutional review board number CR00109375).

A chart review was performed using a secure electronic
medical record to identify patients who had undergone a first
cycle of in vitro fertilization (IVF) with fresh ejaculated sperm.
Patients were included if they had fertilization achieved via
ICSI, underwent PGT-A by means of a trophectoderm (TE) bi-
opsy with a subsequent euploid biopsy result, and then had
frozen SET of a euploid embryo performed. Inclusion was
limited to euploid SET to standardize pregnancy outcomes
and minimize the detrimental effect of aneuploidy. Embryos
with PGT-A results classified as mosaic, duplications/
deletions, nonconcurrent, or amplification failures were
excluded. Donor oocyte cycles also were excluded.
Sperm Collection

Sperm samples were collected via ejaculation. Ejaculated
semen samples were obtained into sterile, labeled containers
after 2 to 5 days of abstinence. All ejaculated semen samples
were incubated at 37⁰C for 30 minutes and then were used
subsequently for ICSI. A sperm gradient was used in all cases.
Surgically extracted sperm and cryopreserved sperm were
excluded from the analysis to limit potential confounders
arising from the male partner.
Ovarian Stimulation, ICSI, and Embryo Transfer

Controlled ovarian hyperstimulation cycles were conducted
using a gonadotropin-releasing hormone (GnRH)-antagonist,
long GnRH-agonist, or GnRH-microflare protocol. Each par-
ticipant’s IVF cycle was managed by the patient’s physician
following standard clinic practice. Decisions regarding which
IVF stimulation protocol was used and doses of gonadotro-
pins were based on clinical judgment as well as the results
of the patient’s ovarian reserve testing. Administration of
hCG and/or a GnRH-agonist trigger for final oocyte matura-
tion occurred at the discretion of the patient’s primary physi-
cian, generally when it was felt that the center of the follicular
cohort was between 15 and 20 mm in diameter. Oocyte
retrieval took place 36 hours after administration of the
trigger injection via ultrasound-guided aspiration.

Cumulus stripping with hyaluronidase was then per-
formed approximately 3.5 hours after oocyte retrieval.
Consistent with study inclusion criteria, ICSI was performed
in all cases regardless of semen parameters approximately 1
hour later. This was done to reduce DNA contamination at
the time of PGT-A and to standardize the fertilization method
for all participants. A fertilization check was performed
approximately 18 hours after ICSI. Embryo development pro-
gressed using sequential culture media. Laser-assisted hatch-
ing was performed on day 3 of development, and all embryos
were placed in extended culture. Assessment for cryopreser-
vation was made on day 5, 6, or 7. Only embryos achieving
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a 4CC grade or better based on modified Gardner scoring were
considered eligible for vitrification (15).

All patients included in the current study underwent TE
biopsy on day 5, 6, or 7 for PGT-A. Timing of the TE biopsy
varied based on each embryo’s progression to the blastocyst
stage. During the study period, the two genetic testing plat-
forms used by the institution were quantitative polymerase
chain reaction and targeted next-generation sequencing.
Embryos were then vitrified for transfer in a future cycle to
ensure embryo-endometrial synchrony.

After confirmation of an embryo’s euploid status, an em-
bryo transfer cycle was performed with the goal of obtaining
a trilaminar endometrial lining measuring at least 7 mm in
thickness. Endometrial preparation protocols consisted pri-
marily of oral estrogen followed by intramuscular injections
of progesterone in oil. However, alternative programmed
regimens as well as natural transfer cycle protocols were
considered and used on an individual basis. For patients
included in the analysis, embryos were warmed on the day
of replacement and transferred under ultrasound-
confirmed intrauterine placement of the catheter. Pregnancy
outcomes then were assessed according to standard institu-
tional protocols.
Data Collection

The outcome measures of interest were divided into two cat-
egories: embryology outcomes and pregnancy outcomes.
Only a couple’s first embryo transfer was considered in the
data analysis to avoid previous failure bias. Embryology out-
comes included fertilization rate, blastulation rate, and
euploid rate. Fertilization rate was defined as the number of
2 pronuclear embryos divided by the number of metaphase
II oocytes injected via ICSI. Blastulation rate was defined as
the number of clinically usable blastocysts (those that were
vitrified) divided by the number of successfully fertilized 2
pronuclear embryos. Euploid rate was defined as the number
of euploid embryos based on PGT-A divided by the total num-
ber of embryos biopsied with adequate tissue to obtain a
result.

The pregnancy outcomes assessed included positive hCG
rate, delivery rate, biochemical loss rate, and clinical loss rate.
Positive hCG rate was defined as a positive serum beta hCG
after SET. Delivery rate was defined as the number of viable
deliveries per embryo transferred. A biochemical loss was
defined as miscarriage after a positive serum beta hCG but
prior to visualization of a gestational sac on ultrasound. A
clinical loss was defined as the loss of pregnancy and subse-
quent decrease in beta hCG after visualization of at least an
intrauterine gestational sac on ultrasound.

To assess the quality of sperm obtained in the study pop-
ulation, sperm concentration and total motile sperm count
(TMSC) were analyzed. Sperm concentration was defined as
the number of sperm per milliliter of ejaculate, and TMSC
was defined as the total number of motile sperm within the
entire ejaculated sample. These parameters were assessed in
aggregate for the study population as well as based on specific
paternal age cohorts. A comparison of sperm quality between
older and younger men was performed.
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Statistical Analysis

Patients were divided into two categories: couples with a male
partner<40 years and those with amale partnerR40 years of
age. Linear regression models were used to examine the asso-
ciation between paternal age and fertilization rate, blastula-
tion rate, and euploid rate after adjusting for female age. A
second analysis was performed adjusting for both female
age and oocyte yield. Logistic regression models were applied
to examine the association between paternal age and positive
hCG rate, delivery rate, biochemical loss rate, and clinical loss
rate after adjusting for female age. Again, a second analysis
was performed adjusting for both female age and oocyte
yield.

The category of patients with a male partner age of <40
years was used as the statistical reference group for the ana-
lyses. To analyze the baseline characteristics of the study pop-
ulation, a Wilcoxon rank sum test was applied for numeric
outcomes, and a chi-square test was used for categorical out-
comes. P< .05 was considered statistically significant for all
analyses.
RESULTS
A total of 4,058 patients were included in the study. Patient
and cycle-specific descriptive statistics are provided in
Table 1. As noted previously, if a patient underwent multiple
embryo transfers during the study time period, only the first
transfer was included in the data analysis. The average
paternal age was mean� standard deviation, 37.2� 5.3 years
among couples using ejaculated sperm. Male partner age was
slightly older than female partner age, with female partner
age noted to be 35.1 � 3.8 years overall.

The median TMSC for the entire study population was
56.4 million (interquartile range [IQR] 23.2, 105.4). Male part-
ner age <40 years was associated with a higher TMSC than
age R40 years, corresponding with median values of 59.9
million (IQR 24.4, 110.5) and 48.1 million (IQR 19.7, 93.6),
respectively (P< .01). However, the percentage of men with
a TMSC <10 million was equivalent in both age categories,
with 12.7% of men <40 years and 14.7% of men R40 years
in this category (P¼ .09). Additionally, sperm concentration
was not statistically different between the younger and older
age groups, with men <40 years exhibiting a median sperm
concentration of 49.0 million/mL (28.0, 75.0) and men R40
years demonstrating a median sperm concentration of 45.0
million/mL (27.0, 72.5; P¼ .11). Overall, 494 of the 4,058 par-
ticipants (12.2%) had a sperm concentration<15 million/mL,
which is the lower reference limit of normal based on the
2010 WHO Laboratory Manual for the Examination and Pro-
cessing of Human Semen, 5th Edition (16). There was no sta-
tistically significant difference in the percentage of men with
an abnormal sperm concentration based on age (12.6% for
men <40 years and 12.1% for men R40 years; P¼ .63).

Overall fertilization rate was 85.1 � 13.7%, blastulation
rate was 54.9 � 22.6%, euploid rate was 69.0 � 23.9%, pos-
itive hCG rate was 81.8% (3,321/4,058), delivery rate was
60.8% (2,290/3,769), biochemical loss rate was 10.9% (362/
3,321), and clinical loss rate was 9.9% (294/2,959). The spe-
cific outcomes stratified by male partner age are detailed in
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TABLE 1

Baseline characteristics and cycle outcomes for patients undergoing euploid single embryo transfer after PGT-A, divided by age.

Characteristic

Male age category, y

P valueAll subjects Age <40 Age ‡40

n 4,058 3,021 1,037
Male age (y) 37.2 � 5.3 34.8 � 3.1 44.2 � 4.2
Female partner age (y) 35.1 � 3.8 34.0 � 3.5 38.1 � 3.1
TMSC (in millions), median (IQR) 56.4 (23.2, 105.4) 59.9 (24.4, 110.5) 48.1 (19.7, 93.6) < .01
Sperm concentration (M/mL), median (IQR) 48.0 (28.0, 74.0) 49.0 (28.0, 75.0) 45.0 (27.0, 72.5) .11
Fertilization rate (%) 85.1 � 13.7 85.2 � 13.8 85.0 � 13.6 .58
Blastulation rate (%) 54.9 � 22.6 56.4 � 22.2 50.6 � 23.2 < .01
Euploid rate (%) 69.0 � 23.9 71.1 � 22.6 62.9 � 26.5 .03
Positive hCG rate 3,321 (81.8) 2,484 (82.2) 837 (80.7) .27
Delivery ratea 2,290 (60.8) 1,713 (61.1) 577 (59.7) .42
Biochemical loss rateb 362 (10.9) 283 (11.4) 79 (9.4) .11
Clinical loss ratec 294 (9.9) 208 (9.5) 86 (11.3) .13
Note: Data presented as mean� standard deviation or n (%), unless stated otherwise. hCG¼ human chorionic gonadotropin; IQR¼ interquartile range; PGT-A¼ preimplantation genetic testing
for aneuploidy; TMSC ¼ total motile sperm count.
a Delivery data available for 3,769 patients.
b Biochemical loss data available for 3,321 patients.
c Clinical loss data available for 2,959 patients.

Hanson. Paternal age and reproductive outcomes. Fertil Steril Rep 2020.
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Table 1. Graphical depictions comparing the embryology and
pregnancy outcomes based on each paternal age group can be
found in Figure 1.

When comparing embryology and pregnancy outcomes,
significantly lower rates of blastulation were obtained with
FIGURE 1
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increasing paternal age after controlling for maternal age
(P< .01 for patients with a male partner agedR40 years). Sta-
tistically significant decreases in euploid embryo rates also
were observed with increasing paternal age (P¼ .03 for male
partners R40 years). There were no associations noted
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TABLE 2

Association between paternal age and reproductive outcomes after
adjusting for female age.

Variable

Male age category, y

Age <40 Age ‡40 P value

Positive hCG rate 1.06 (0.86–1.30) .57
Delivery rate 1.12 (0.94–1.32) .19
Biochemical loss rate Reference 0.74 (0.55–1.00) .05
Clinical loss rate 1.08 (0.80–1.46) .61
Fertilization rate 0.21 (0.56) .70
Blastulation rate �3.01 (0.91) < .01
Euploid rate �2.08 (0.94) .03
Note: Data presented as odds ratio (95% confidence interval) or beta value (standard error),
unless stated otherwise. Statistical analysis was performed using logistic and linear regression

Fertil Steril Rep®
between paternal age and positive hCG rate, delivery rate,
biochemical loss rate, clinical loss rate, or fertilization rate
(Table 2).

These findings also were consistent when an analysis was
performed controlling for both maternal age and number of
mature oocytes retrieved. Applying linear and logistic regres-
sion models that considered both female partner age and
mature oocyte yield, a male partner age of R40 years was
associated with worsened rates of blastocyst formation
(P< .01) and decreased rates of euploid embryos (P¼ .02) but
was not associated with changes in positive hCG rate, delivery
rate, biochemical loss rate, clinical loss rate, or fertilization
rate (P¼ .55, .19, .05, .64, and .70, respectively) when
compared with male partners <40 years of age.
models. hCG ¼ human chorionic gonadotropin.

Hanson. Paternal age and reproductive outcomes. Fertil Steril Rep 2020.
Secondary Analyses

To further assess the impact of paternal age on rates of blas-
tocyst development and euploid embryo rates based on semen
analysis parameters, a subgroup analysis was performed that
stratified older and younger men based on sperm concentra-
tion. For the entire study population, 36 participants (0.9%)
had a sperm concentration <1 million/mL. This included 27
of 3,021 (0.9%) subjects with a male partner <40 years and
9 of 1,037 (0.9%) subjects with a male partner R40 years.
One hundred thirty-eight participants (3.5%) had a sperm
concentration between 1 million/mL and 4.9 million/mL
(n ¼ 107 or 3.6% for the <40 years group and n ¼ 31 or
3.1% for theR40 years group). Three hundred twenty partic-
ipants (8.1%) had a sperm concentration between 5 million/
mL and 14.9 million/mL (n ¼ 238 or 8.1% for the <40 years
group and n ¼ 82 or 8.1% for the R40 years group). The
remaining 3,463 participants (87.5%) had a normal sperm
concentration of R15 million/mL. In this study, 2,573 sub-
jects (87.4%) in the <40 years group and 890 subjects
(87.9%) in theR40 years group demonstrated a normal sperm
concentration. There were no statistically significant differ-
ences found in stratified sperm concentration between the
younger and older age cohorts (P¼ .86).

When comparing participants with a male partner age
R40 years to the <40 years age group as a reference, strati-
fied sperm concentration did not affect fertilization rate in a
statistically significant manner (P¼ .88 for concentration
< 1 million/mL, P¼ .29 for concentration 1–4.9 million/mL,
P¼ .91 for concentration 5–14.9 million/mL, and P¼ .49 for
concentrationR15million/mL). Older men with a sperm con-
centration <1 million/mL, 1–4.9 million/mL, and 5–14.9
million/mL did not appear to have a worsened blastulation
rate when compared with younger men with similar sperm
concentrations (P¼ .05, .79, and .38, respectively). However,
the total number of older men in these categories was only
122, which led to a lack of statistical power for this analysis.
Older men with a sperm concentration of R15 million/mL
(n ¼ 890) demonstrated a worsened blastulation rate when
compared with younger men with a similar sperm concentra-
tion (P< .01), in line with the findings observed in the primary
analysis. Similarly, older men with a sperm concentration<1
million/mL, 1–4.9 million/mL, and 5–14.9 million/mL did not
appear to have worsened euploid rates when compared with
VOL. 1 NO. 2 / SEPTEMBER 2020
younger men with similar sperm concentrations (P¼ .84,
.45, and .15, respectively). Older men with a sperm concentra-
tion ofR15 million/mL demonstrated worsened euploid rates
than younger men with similar sperm concentrations
(P¼ .02). The negative impact of paternal age on euploid rates
was observed in the group that was adequately powered
(concentration R15 million/mL), confirming the findings of
the primary analysis.

It is important to note that all cycles included in the pri-
mary analysis had at least one euploid blastocyst available for
embryo transfer. In addition to these 4,058 included cycles,
another 3,945 cycles that otherwise met inclusion criteria
were excluded from the primary analysis because no euploid
blastocyst was generated. Among couples with a male partner
aged R40 years, approximately 50.9% of initiated cycles
failed to generate a euploid blastocyst. After adjusting for
female age, however, advancing paternal age was not associ-
ated with a statistically significant elevation in the risk of
cycle cancellation due to the lack of a euploid blastocyst.
DISCUSSION
Although increasing paternal age was associated with
decreased blastulation and euploid rates among patients us-
ing ejaculated sperm, there was no effect on pregnancy out-
comes or delivery rates after the transfer of a single euploid
embryo in this study population. The relationships between
older paternal age and the diminished embryology outcomes
seen in the current study lack clear mechanistic explanations.
The current findings are consistent with a small number of
prior studies that have observed a detrimental effect on the
number of high-quality or usable embryos achieved with
advanced paternal age (8–10, 17, 18). Specifically, it
previously has been reported that advanced paternal age
may compromise fertilization and blastulation rates, but
pregnancy outcomes after successful implantation do not
appear to be impacted negatively by older paternal age (19).
However, these findings are not consistent across the
literature, making it difficult to attribute confidently certain
laboratory outcomes to older male partners (4, 20).
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One possible explanation for the link between advanced
paternal age and poorer embryology outcomes relates to
levels of sperm DNA fragmentation. At relatively low levels,
it is theorized that sperm DNA strand breaks can be repaired
within the oocyte after fertilization. With significantly
elevated sperm DNA fragmentation, however, the developing
embryomay be unable to compensate for the diminished DNA
quality, potentially resulting in poorer embryo quality (5, 21).
Because sperm DNA fragmentation appears to worsen with
age, it is possible that the decreased rates of blastulation
and decreased euploid rates noted in the current study are
the result of higher rates of sperm DNA damage seen in older
men (22). However, this study does not include data regarding
sperm DNA fragmentation, and the relationship between
sperm DNA damage and embryology outcomes is a putative
association lacking confirmation.

In the data presented, sperm quality as determined based
on sperm concentration was equivalent between the older and
younger male age groups. Although TMSC was noted to be
higher in the group with younger male partners, the universal
use of ICSI in the current study likely corrects for any detri-
mental effects of lower TMSC. Although some controversy
exists, prior research has indicated that when ICSI is used
differences in TMSC have no impact on rates of blastocyst
formation, euploid rates, positive hCG rates, clinical preg-
nancy rate, and live birth rate (23–25). Additionally, the
proportions of men with a sperm concentration of <15
million or a TMSC of <10 million were equivalent between
the two age groups. Based on these findings, truly
significant differences attributed to either sperm
concentration or TMSC between the two age categories are
unlikely.

This study is not without limitations. Issues related to the
retrospective nature of the study may have affected the find-
ings. Although this study attempts to correct for certain con-
founders, factors such as bodymass index, smoking, drug use,
and alcohol use in male participants were not assessed. In the
future, controlling for the many factors that have been asso-
ciated with elevated rates of sperm DNA fragmentation and
decreased live birth rates would add to the strength of findings
related to this topic (26–29). Additionally, diagnoses
associated with male factor infertility such as varicocele
that often require evaluation or treatment by a urologist
were not evaluated. If an individual had been seen by a
urologist before undergoing IVF or underwent IVF and then
subsequently had evaluation or treatment performed by a
urologist, this information was not captured in the data.
Furthermore, no differences were observed in rates of
fertilization based on paternal age. This may be related to
the fact that ICSI was used for all participants because prior
studies have noted differences in fertilization rates when
conventional insemination was used for fertilization (2, 5).

The current study used a paternal age of 40 as a cutoff for
statistical analysis. This decision was made based on prior re-
ports of increased rates of de novo genetic mutations when
paternal age exceeds 40 years as well as the ability to achieve
adequate statistical power (30). Although there is no univer-
sally accepted definition for advanced paternal age, if differ-
ences in embryology or pregnancy outcomes begin to arise at
104
an age significantly older than 40 years, the current study
would not have identified these differences. The retrospective
nature of the study also eliminated the ability to assess for
levels of sperm DNA fragmentation directly. Although
elevated sperm DNA fragmentation serves as one potential
explanation for the findings observed in this study, it cannot
be known with certainty whether the older patients had
higher levels of sperm DNA damage because this was not
assessed.

Finally, it must be recognized that selection bias was
introduced through the study design. By requiring couples
to undergo a euploid SET to be included in the primary anal-
ysis, all patients who were unable to generate a euploid
embryo were excluded. The relationship between increased
paternal age and adverse outcomes for patients who failed
to create successfully a euploid blastocyst, therefore, was
not evaluated in the primary analysis. Future studies are
necessary to determine whether the outcomes observed in
the current study hold true when additional confounding
variables are considered, when surgically extracted or
cryopreserved sperm samples are used, and when different
age cutoffs are applied.
CONCLUSIONS
The current study links advancing paternal age with poorer
rates of blastocyst formation and euploid status among men
using ejaculated sperm. It is reassuring to note that if a
euploid embryo is achieved, older paternal age does not
appear to affect negatively pregnancy outcomes. A clear
mechanistic explanation for these findings fully has not
been elucidated. However, sperm DNA fragmentation or other
factors related to the functional characteristics of spermato-
zoa within aging men may provide plausible explanations.

Comprehensive data sets linking paternal age to levels of
sperm DNA fragmentation may prove to be useful in the
future. Additionally, generating a standard definition for
advanced paternal age that correlates to specific embryologic,
pregnancy, or developmental outcomes would allow for con-
sistency in data collection for future studies. Going forward, a
thorough investigation into potential interventions that may
protect against the harmful effects of paternal age on male
fertility is warranted.
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