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Abstract

Background: Worldwide, there is an increase in uptake of assisted reproductive technology (ART) treatment. The
impact of paternal age on ART outcomes is unclear. In view of the conflicting results reported by studies evaluating
effect of paternal age on ART outcomes, we planned a study to investigate the impact of advanced paternal age in
couples undergoing ART for non-male factor infertility. We conducted a retrospective cohort study at a university-
level teaching hospital in South India. All couples who underwent ART for non-male factor infertility were included.
The couples were divided into two groups based on the age of the male partner. Group I included couples with
male partner’s age less than 40 years, taken as reference group. Group II included couples with male partners age
more than or equal to 40 years. The primary outcome was live birth rate. Secondary outcomes included clinical
pregnancy, miscarriage, fertilization, embryo development, and blastulation rates.

Results: A total of 809 cycles were included for the study. Following exclusion of 39 cycles, 770 cycles were analyzed
for outcomes. Group I comprised of 556 (72%) cycles and group II comprised of 214 (28%) cycles. There was no
significant difference in live birth rate per embryo transfer between groups I and II (31.8% vs. 29.4%; odds ratio, OR,
0.89; 95% CI 0.63 to 1.26). After adjustment for potential confounders, the live birth rate did not differ significantly
(adjusted odds ratio, aOR, 1.10; 95% CI 0.74 to 1.65). The clinical pregnancy (39.4% vs. 36%; aOR 1.06; 95% CI 0.72 to
1.56) and the miscarriage rates (18.3% vs. 15.6%; aOR 0.73; 95% CI 0.32 to 1.66) were also similar between the two
groups. There was significant decrease in the blastulation rate (36.8% vs. 32.1%; P 0.002) in the advanced paternal age
group as compared to the reference group.

Conclusion: The current study suggests that in couples undergoing ART for non-male factor, there is no detrimental
effect of increasing paternal age on treatment outcomes.
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Background
Inability to conceive after 1 year of unprotected sexual
intercourse is known as infertility, and one in six couples
in the reproductive age group is diagnosed as infertile
[1]. Worldwide, there is an increase in uptake of assisted
reproductive technology (ART) treatment [1]. For many
indications such as bilateral tubal damage, severe endo-
metriosis, and male factor, ART remains the most effect-
ive treatment option [2]. Due to sociodemographic
changes across the world, ART is being increasingly
offered to couples aged 40 years and beyond [3].
Maternal age remains one of the important prognostic

factors for ART success. Studies have reported a steep
decline in live birth rates with ART after the age of 40
years [4–6]. This decline in live birth is mainly attributed
to age-related decline in oocyte quality and quantity, in-
crease in aneuploidy, reduced fertilization, and lower im-
plantation rates [7, 8].
The impact of paternal age on fertility treatment such

as intrauterine insemination (IUI) and ART outcomes is
unclear. Studies evaluating the effect of paternal age on
IUI cycles reported no association of paternal age with
pregnancy outcomes [9, 10]. An earlier study reported a
significant negative influence of increasing paternal age
on pregnancy rate following ART [5], while other studies
did not find any association of paternal age on ART out-
comes [11–13]. It is suggested that advanced paternal
age affects fertility partly due to the changes in semen
parameters, such as sperm motility and morphology
[14], but mostly due to genetic alterations and de novo
mutations in the male germ cells [15].
Although many studies have reported effects of pater-

nal age in male factor infertility [5, 8], there is a paucity
of studies evaluating the effect of paternal age in non-
male factor infertility [16]. Hence, we planned a study to
investigate the impact of advanced paternal age in cou-
ples undergoing ART for non-male factor infertility.

Methods
We conducted a retrospective cohort study. The study
was carried out in the Department of Reproductive
Medicine of a university-level teaching hospital in South
India. All couples who underwent ART for non-male
factor infertility and resulted in a fresh or frozen embryo
transfer between July 2010 and June 2018 were included
in the study. The type of ART treatment included either
intracytoplasmic sperm injection (ICSI) or a combin-
ation of in vitro fertilization (IVF) and ICSI. As this was
a retrospective study, ethics committee approval was not
required.
We included all couples who underwent ART, and the

male partner had a normal diagnostic semen analysis.
Semen volume was determined using wide-bore volu-
metric pipette, and motility was assessed by wet slide

preparation. Concentration was assessed using Neu-
bauer’s counting chamber, and morphology was assessed
using prestained slides and graded by Kruger’s criteria.
The analysis of semen parameters was based on lower
reference ranges as defined by the WHO 2010 criteria
[17]. We excluded the following couples: (i) female part-
ner’s age more than 40 years, (ii) poor response (less
than or equal to 4 oocytes obtained on oocyte retrieval),
and (iii) cycles where cryopreserved semen sample was
used. We included only a single ART cycle for each
couple for analysis of outcomes.
We divided the cases into two groups based on the

age of the male partner. Group I included couples where
the male partner’s age was less than 40 years and was
chosen to be the reference group. Group II included
couples with male partner’s age more than or equal to
40 years.
We used conventional long GnRH agonist, GnRH

antagonist, or ultralong protocols depending on indi-
cation for ART. Controlled ovarian hyperstimulation
was done using recombinant FSH (between 100 and
300 IU), and follicular monitoring was carried out by
serial transvaginal ultrasound. An hCG trigger of
5000 IU was administered when at least 3 follicles ≥
17 mm were seen on ultrasound. Oocyte retrieval was
done after 35 h, after the trigger. Between one and
three embryos were transferred either at cleavage (day
2 or 3) or blastocyst stage (day 5). Luteal support was
given with intravaginal micronized progesterone, 400
mg twice daily, and intramuscular progesterone (100
mg) was administered twice weekly. Pregnancy was
confirmed by checking serum beta hCG levels on day
18 after oocyte retrieval.
In cycles where an elective cryopreservation of em-

bryos was done, a frozen embryo transfer was planned
after artificial preparation of the endometrium was done
using escalating doses of oral estrogen valerate and
intravaginal progesterone. The transfer was planned ac-
cording to the day of embryo cryopreservation. Luteal
support was the same as that given for fresh cycles. The
serum beta hCG was checked on the 18th day of starting
progesterone.
Information regarding clinical and laboratory vari-

ables such as age, indication, oocyte numbers, embryo
quality, number of embryos transferred, type of trans-
fer (fresh vs. frozen), and day of transfer (cleavage vs.
blastocyst) were obtained from the departmental ART
database. The pregnancy outcomes were collected
from the women through e-mails and telephone con-
tacts. Collected data were entered in SPSS, and data
were analyzed using STATA, version 21.0 (Statacorp).
The primary outcome was live birth per embryo trans-

fer. Live birth was defined as delivery after 24 completed
weeks of gestation. Secondary outcomes included clinical
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pregnancy rate, miscarriage rate, fertilization rate, em-
bryo development rate, and blastulation rate.
Clinical pregnancy was defined as presence of a gesta-

tional sac on ultrasound between 6 and 8 weeks of gesta-
tion. Miscarriage rate was defined as the number of
spontaneous losses of the fetus or the absence of cardiac
activity prior to 24 weeks divided by the number of clinical
pregnancies. Fertilization rate was defined as the total
number of fertilised oocytes divided by the total number
of inseminated or injected oocytes. Embryo development
rate was defined as the total number of embryos which
have undergone cleavage divided by the total number of
fertilised oocytes. Blastulation rate was defined as total
number of blastocysts divided by the number of cleaved
embryos.
Data were reported as mean (SD) for continuous vari-

ables and frequency (percentages) for categorical variables.
t test was used to compare both groups. To find out the

association between two categorical data, the chi-square
test was used. Fertilization rate, embryo development rate,
and blastulation rate were compared between the age
groups using proportion test. Dichotomous outcomes (live
birth, miscarriage, and clinical pregnancy) were analyzed
by simple logistic regression. Multiple logistic regression
models were constructed to control for potential con-
founders such as female age, female body mass index, in-
dication for ART, day of transfer (cleavage vs. blastocyst),
and type of transfer (fresh vs. frozen) and assess the asso-
ciation between paternal age and outcomes. The effect is
reported as odds ratio (OR) with 95% confidence interval
(CI). Data were analyzed using SPSS, version 21.0
(Armonk, NY: IBM Corp).

Results
A total of 2849 ART cycles were performed during the
study period. After excluding 2040 cycles for reasons as

Fig. 1 Algorithm for recruitment of cases
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shown in Fig. 1, a total of 809 ART cycles were included
in the study. Additionally, 39 cycles were excluded for
not completing the treatment cycle (n = 13) or were lost
to follow up (n = 26). Finally, 770 ART cycles were ana-
lyzed for the planned outcomes (Fig. 1).
A total of 556/770 (72%) cycles were included in group

I (male partner age < 40 years) and 214/770 (28%) cycles
were included in group II (male partner age ≥ 40 years).
The baseline parameters were compared, and significant
difference was observed for the following parameters: fe-
male age, mean female body mass index (BMI), previous
parity, type of infertility, number of oocytes retrieved,
and fresh or frozen transfer (Table 1).
There was no significant difference in live birth rate

per embryo transfer between groups I and II (31.8%
vs. 29.4%; OR 0.89, 95% CI 0.63 to 1.26; P 0.52).
After the adjustment for potential confounders, the
live birth rate did not differ significantly (aOR 1.10;
95% CI 0.74 to 1.65; P 0.64). There were no signifi-
cant differences in clinical pregnancy (39.4% vs. 36%;

aOR 1.06; 95% CI 0.72 to 1.56; P 0.75) and the mis-
carriage rates (18.3% vs. 15.6%; aOR 0.73; 95% CI
0.32 to 1.66; P 0.45) observed between the two
groups (Table 2).
There were no significant differences in fertilization

(76.8% vs. 75.3%; OR 0.92; 95% CI 0.81 to 1.05; P 0.20)
and the embryo development rates (96.2% vs. 95.6%; OR
0.86; 95% CI 0.63 to1.18; P 0.33), but there was a signifi-
cant decrease in the blastulation rate (36.8% vs. 32.1%;
OR 0.81; 95% CI 0.71 to 0.93; P 0.002) in the advanced
paternal age group as compared to the reference group
(Table 3).
The semen volume was found to be significantly lower

(2.7 ± 1.31 vs. 2.6 ± 1.36 ml; P 0.02) in the advanced age
group while no significant difference was seen in the
sperm concentration (61, interquartile range, IQR 33 to
101 vs. 70, IQR 38 to101 million per ml; P 0.06), motility
(53%, IQR 44 to 57% vs. 52%, IQR 42 to 56%; P 0.21),
and morphology (5%, IQR 3 to 5% vs. 5%, IQR 3 to 5%;
P 0.51) between the two groups (Table 4).

Table 1 Baseline characteristics of group I (male partner age < 40 years) and group II (male partner ≥ years)

Group I (< 40 years) (n = 556) (%) (reference group) Group II (≥ 40 years) (n = 214) (%) P value

Mean female age (years)* 31.08 (3.8) 35.14 (3.4) 0.01#

Mean female BMI* 25.04 (3.9) 26.62 (4.7) 0.01#

Previous parity 31/556 (5.6) 32/214 (15.0) 0.02#

H/o smoking 85/556 (15.3) 29/214 (13.5) 0.67

Primary infertility 365/556 (65.6) 119/214 (55.6) 0.01#

Indication—tubal factor 141/556 (25.3) 50/214 (23.3) 0.05

No. of oocytes retrieved† 9 (6, 14) 8 (5, 13) 0.01#

ICSI cycles 325/556 (58.4) 143/214 (66.8) 0.06

Day of transfer

Cleavage stage 411/556 (73.9) 167/214 (78.1) 0.45

Blastocyst stage 145/556 (26.1) 47/214 (21.9)

No. of embryos transferred† 2 (2, 3) 2 (2, 3) 0.43

Type of transfer

Fresh transfer 417/556 (75) 183/214 (85.5) 0.02#

Frozen transfer 139/556 (25) 31/214 (14.5)

BMI body mass index, ICSI intracytoplasmic sperm injection
*Mean (standard deviation)
†Median (interquartile range)
#Statistically significant

Table 2 Comparison of clinical outcomes between group I (male partner age < 40 years) and group II (male partner ≥ years)

Group I (< 40 years) (reference group) Group II (≥ 40 years) OR (95% CI) aOR (95% CI)

Live birth rate* 177/556 (31.8%) 63/214 (29.4%) 0.89 (0.63 to 1.26) 1.10 (0.74 to 1.65)

Clinical pregnancy rate* 219/556 (39.4%) 77/214 (36.0%) 0.86 (0.62 to 1.20) 1.06 (0.72 to 1.56)

Miscarriage rate† 40/219 (18.3%) 12/77 (15.6%) 0.83 (0.41 to 1.67) 0.73 (0.32 to1.66)

aOR adjusted odds ratio—adjusted for female age, female body mass index, indication for ART, day of transfer (cleavage vs. blastocyst), and type of transfer (fresh
vs. frozen), ART assisted reproductive technology, CI confidence interval, OR odds ratio
*Calculated per embryo transfer
†Calculated per clinical pregnancy
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We carried out a subgroup analysis to evaluate the ef-
fect of advanced paternal age in young women (≤ 35
years). There was no significant difference in live birth
(32.1% vs. 35.2%; OR 1.15; 95% CI 0.74 to 1.78; P 0.53),
clinical pregnancy (39.4% vs. 43.8%; OR 1.14; 95% CI
0.75 to 1.74; P 0.53), and miscarriage rates (17.5% vs.
13.0%; OR 0.71; 95% CI 0.28 to 1.80; P 0.47) between
the two groups. The results were similar after adjust-
ment of various confounding factors (Table 5).

Discussion
The current study showed no difference in live birth
rates following ART in couples with advanced paternal
age (≥ 40 years) compared to those couples in whom
the paternal age was < 40 years. There was no significant
difference in clinical pregnancy and miscarriage rates in
both the groups. While the fertilization rate and the em-
bryo development rate were similar in both the groups,
the blastulation rate was significantly lower in the ad-
vanced paternal age group.
Klonoff Cohen et al. in a retrospective study showed

lower pregnancy rates with advanced age > 35 years. The
investigators reported an 11% increase in odds of not
achieving a pregnancy with every one year increase in
paternal age [6]. The differences in the paternal age
groups compared, inclusion of previous failed cycles,
and inclusion of cycles with different methods of
fertilization (GIFT and IVF) may be the reasons for
contradictory findings compared to the current study.
Conversely, another retrospective study including 2627
ICSI cycles with men aged between 22 and 78 years re-
ported increased negative influence of paternal age on
the number of high-quality embryos but no impact on
treatment outcomes such as clinical pregnancy, miscar-
riage, and live birth rates [18]. Luna et al. in an analysis

of donor oocyte cycles showed significant decrease in
blastulation when paternal age > 40 years [12]. The de-
crease in blastulation may be explained by the activation
of a compromised paternal genome due to advanced age
during compaction of the embryo. The results of an-
other retrospective study of 1023 oocyte donor cycles
suggested a significant decrease in live birth rate and sig-
nificant increase in miscarriage rate in couples with male
partners’ age > 50 years [5]. However, the quality of evi-
dence presented by the above study was suggested to be
medium in another systematic review due to its observa-
tional nature and potential for bias [19]. This review
which included an analysis of 12,538 oocyte donation cy-
cles further concluded that there was no statistical cor-
relation between advanced paternal age and live birth,
pregnancy, miscarriage, fertilization, or embryo develop-
ment. A systematic review of 10 retrospective studies
showed no significant negative correlation between ad-
vanced paternal age and live birth, clinical pregnancy,
miscarriage, and fertilization [20]. However, the same re-
view suggested a significant decrease in blastulation with
increasing paternal age.
A retrospective study on 4887 oocyte donation cycles

by Begeuria et al. reported significant decrease in semen
volume and sperm motility and a significant increase in
sperm concentration with advanced paternal age [21].
The reason for this contradictory finding could be the
use of cryopreserved semen samples and semen samples
with abnormal parameters.
In the current study, comparison of semen parameters

showed significant decrease in semen volume and no
significant difference in sperm concentration, motility,
and morphology in couples with paternal age > 40 years.
A recent retrospective study including 70 men with nor-
mal semen parameters and normal DNA fragmentation

Table 3 Comparison of laboratory outcomes between group I (male partner age < 40 years) and group II (male partner ≥ years)

Group I (< 40 years) (reference group) Group II (≥ 40 years) OR (95% CI)

Fertilization rate 3874/5042 (76.8%) 1295/1719 (75.3%) 0.92 (0.81 to 1.05)

Embryo development rate 3726/3874 (96.2%) 1238/1295 (95.6%) 0.86 (0.63 to 1.18)

Blastulation rate 1371/3726 (36.8%) 398/1238 (32.1%) 0.81 (0.71 to 0.93)#

OR odds ratio, CI confidence interval
#Statistically significant

Table 4 Comparison of semen parameters between group I (male partner age < 40 years) and group II (male partner ≥ years)

Group I (< 40 years) (reference group) (n = 556) Group II (≥ 40 years) (n = 214) P
valueMedian (IQR) Median (IQR)

Volume, ml* 2.7 (1.31) 2.6 (1.36) 0.02#

Concentration, million/ml 61 (33 to 101) 70 (38 to 101) 0.06

Motility, % 53 (44 to 57) 52 (42 to 56) 0.21

Morphology, % 5 (3 to 5) 5 (3 to 5) 0.51

IQR interquartile range, ml milliliter
*Mean (standard deviation)
#Statistically significant
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index showed no significant difference in semen volume,
motility, and morphology between men ≥ 45 years com-
pared to those < 45 years [22]. However, Dain et al. in
his systematic review suggested a significant decrease in
volume with advancing paternal age [20]. This decrease
can be explained by reduced androgen-stimulated fluid
production from the seminal vesicles and prostate [20].
The same review did not find a significant difference in
concentration, motility, and morphology in the advanced
paternal age group.
The current study is one of the few studies evaluating

the effect of advanced paternal age in couples undergo-
ing ART for non-male factor infertility. Among the
strengths of the current study are the inclusion of large
number of ART cycles and including live birth rate as an
outcome. We excluded potential confounders such as
advanced maternal age, poor responders, and male factor
infertility. While we have also adjusted for known poten-
tial confounders, it is possible that residual confounders
may have influenced the results. One of the limitations
of the study is the retrospective design. Another factor
was that the lack of objective assessment of DNA
damage.

Conclusion
In couples undergoing ART for non-male factor, the
current study suggests no detrimental effect of increas-
ing paternal age on treatment outcomes. However, a lar-
ger study with inclusion of larger proportion of men
with advanced age (> 50 years) is needed to validate the
current study findings.
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