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CONDENSATION: Risks of delay in pregnancy onset and of difficulties in having a baby
increased with paternal age of ≥40 years in a large European database.
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ABSTRACT
Objective: To examine the risk of infertility associated with paternal age, as this factor has
rarely been investigated, whereas maternal age of ≥35 years is a well-known risk factor.
Study design: This large, retrospective, population-based sample included 6,188 European
women (from Denmark, Italy, Spain, Germany) aged 25 to 44 years randomly selected from
census registers in 1991-1993.
Results: Among couples composed of a woman aged 35-39 years, risks were significantly
higher when paternal age was 40 years than when paternal age was <40 years with an
adjusted OR of 2.21 (1.13, 4.33) for delay in pregnancy onset (failure to conceive within 12
months) and of 3.02 (1.56, 5.85) for difficulties in having a baby (failure to conceive within
12 months or pregnancy not resulting in a live birth).
Conclusion: Like maternal age of 35 years, paternal age of 40 years should be considered
as a key risk factor for infertility.
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INTRODUCTION
In industrialized countries, the proportion of women delaying pregnancy beyond the age
of 35 years has greatly increased in recent decades. Women involved in in vitro fertilization
(IVF) programs are also more frequently older than 35. However, women deciding to have
children after 35 have a higher risk of infertility. 1-2 Thus, it is important to identify the risk
factors faced by couples in which the woman is older than 35.
The possibility that paternal age may have an effect has rarely been considered. A few
studies have concluded that paternal age affects the risks of infertility and of adverse
pregnancy outcome such as miscarriage and late fetal death. 3-5 A recent European multicenter
study conducted on a large cohort of couples (n=782) using natural family planning methods
to avoid pregnancy showed that paternal age affects the probability of conception. 6 However,
another study analyzing success rates in 558 IVF cycles with donated oocytes found no
paternal age effect. 7
We investigated the possible effects of paternal age on infertility by analyzing a large
European database.
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MATERIALS AND METHODS
Between 1991 and 1993, 6,188 women aged 25 to 44 years were randomly selected
from census registers in Denmark, Italy, Spain and Germany, and retrospectively interviewed
by trained women in a personal interview lasting 30-90 min. Questions were on their
reproductive history (pregnancies, time to pregnancy, contraception, infertility, medical
consultations) and sociodemographic, lifestyle and professional characteristics of the woman
and her male partner. We excluded women who had never tried to conceive (n=1,369), whose
last pregnancy was unplanned (n=1,193), or who started trying to conceive in the year
preceding the interview because delay of conception 12 months could not be assessed in
these women (n=267). We also excluded observations with missing data (n=72). Finally,
3,287 couples were selected and we analyzed the length of time for which the couple had been
having intercourse without taking measures to prevent conception and the outcome of their
last pregnancy.
To investigate human reproduction, most epidemiological research relies on measures of
‘time to pregnancy’ (TTP), defined as the number of noncontracepting menstrual cycles that it
takes a couple to conceive. 8-9 An increase in the TTP could reflect an alteration in either the
male or female gametes (gametogenesis, transport of the gametes, fertilization) or the embryo
(migration to the uterus, implantation, early survival). Thus, TTP appeared as a potentially
sensitive tool to investigate reproductive hazards. Moreover, estimation of power curves of
TTP showed that small sample sizes are sufficient for investigating reproductive risk
factors. 10 Based on measure of the TTP, we defined infertility as 12 months of unsuccessful
attempts to conceive by considering not only couples that finally conceived, but also couples
that did not conceive or that gave up trying. In order to explore not only pregnancy occurrence
but also the entire reproductive process, we considered two indicators of infertility: (i) risk of
delay in pregnancy onset (no conception after 12 months), (ii) risk of difficulties in having a
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baby (no conception after 12 months or adverse pregnancy outcome, i.e. ectopic pregnancy,
miscarrige or stillbirth).
To analyze paternal age, we compared men aged 40 years with men aged <40 years in
accordance with the literature, which indicated a paternal age effect after 40 years.6,11 As
maternal age is highly correlated with paternal age, we controlled for maternal age by
considering four groups: <30 years, 30-34 years, 35-39 years, 40 years.
We investigated the paternal age effect in logistic multivariate models by estimating
adjusted odds ratio (OR) on potential confounders presented in table I (countries, number of
previous pregnancies, female smoking, male smoking, sexual activity, history of miscarriage,
history of induced abortion). First, we analyzed the paternal age effect in the different
maternal age groups. We then analyzed paternal age and maternal age together.
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RESULTS
We calculated the odds ratios for risk of infertility in the different maternal age groups
after adjustment for potential confounders (Table II). Among couples in which the woman
was aged <30 years or 30-34 years, risk of infertility was not significantly increased when the
male partner was aged 40 years. Among couples in which the woman was aged 35-39 years,
the risk of delay in pregnancy onset and risk of difficulties in having a baby were significantly
higher when the male partner was aged 40 years than when the male partner was aged <40
years. We could not investigate the paternal age effect in couples composed of a woman aged
40 years because there were too few observations in our database.
We then investigated the age effect by considering maternal age, paternal age or both
(Table III). When considering only maternal age, we observed that the risk of delay in
pregnancy onset was significantly increased in women aged 35-39 years and that risk of
difficulties in having a baby increased significantly as soon as the woman was 30 years.
When maternal and paternal age were considered together, we observed a different age
pattern: the risk of delayed pregnancy onset increased in couples composed of a woman aged
35-39 years and of a man aged 40 years but not in couples composed of a woman aged 35-39
years and of a man aged <40 years. Similarly, the risk of difficulties in having a baby when
the woman was aged 30-34 years was increased only if the man was 40 years. Finally, we
noted that couples composed of a woman aged 35-39 years and of a man aged 40 years had
clearly higher risks than other couples as indicated by an OR of 2.99 (95% CI: 1.82, 4.91) for
delay in pregnancy onset and an OR of 4.58 (2.77, 7.55) for difficulties in having a baby.
Among couples composed of a woman aged 35-39 years, we observed a mean maternal
age of 36.05 years if the man was <40 years and of 36.71 years if the man was 40 years. We
estimated that this small increase in maternal age could not account for the large increase in
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risk when the man was 40 years.

Among potential confounders included in models (Table II and Table III), the number
of previous pregnancies was significantly associated with delay in pregnancy onset and
difficulties in having a baby. Female smoking and history of miscarriage were also risk factors
for difficulties in having a baby. 12-14
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COMMENT
Our results obtained from a representative European database provide evidence that
paternal age plays a key role in the risk of infertility. Risks were significantly higher if the
male partner was aged 40 years than if the male partner was aged <40 years when the female
partner was aged 35-39 years. The effect of paternal age was much less dramatic (and not
significant) in couples composed of a woman aged <35 years. Similar results were exhibited
in a recent study where fecundity (measured by the probability of clinical pregnancy following
intercourse on a given day relative to ovulation) decreased with paternal age but only among
couples composed of a woman aged 35-39 years. 6 In this study the probability of pregnancy
following intercourse on only the most fertile day decreased for women aged 35 years from
0.29 when the male partner was age 35 years to 0.18 when the male partner was age 40 years.
Because maternal age ≥35 years is an important risk factor for infertility, the combined effect
of maternal age of ≥35 years and of paternal age of ≥40 years increased markedly the risk of
infertility (Table III). The risk of experiencing difficulties in having a baby increased more
than the risk of delay in pregnancy onset, which reflects the increased risk of miscarriage with
maternal age and paternal age. 15 By showing a significant paternal age effect only in women
aged 35 years, these results indicated that major infertility risks may arise principally in
couples where both male and female ages are elevated. This conclusion was concordant with
results indicating a high risk of infertility when both partners presented reproductive
disorders. 16
In this European study, data were self-reported by women without medical
confirmation. Thus, two limitations must be considered: quality of history recall and
variability in definition of reproductive issues. Quality of recall of time to pregnancy (TTP)
and of pregnancy outcomes has been tested in studies that showed a good concordance
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between retrospectively and prospectively collected data. 9,17 For detection of infertility
(defined as a TTP up to 12 months), the retrospective data had a sensitivity of 86.7% and a
specificity of 93.5% when collected during a personal interview (versus 79.9% and 94.9%
when collected by a self-completion mailed questionnaire). 9 In other respects, the European
questionnaire was developed and validated (pre-tested) in order to question women by clear
specification of reproductive notions (especially TTP). The interviewers were also trained to
give clear information on the definition of reproductive issues.
A Medline review of surveys of infertility showed a large variation in the risk of
infertility. 18 It varies highly according to the definition of infertility (usually a delay in
pregnancy onset > or ≥12 or 24months) and to the studied population. For example, in our
study, the risk of delay in pregnancy onset varies from 25.4% when defined as a delay 12
months among all couples trying to conceive (regardless of whether the couple did in fact
conceive, did not conceive or gave up trying) to 12.4% when defined as a delay >12 months
among couples having conceived. Such a level of risk of infertility is concordant with other
studies on pregnant women which found a risk of 12%. 5 It has been shown that analysis of
couples having conceived led to marked under-estimation of the risk of infertility, because the
studied population excluded less fecund couples who had not yet conceived at the time when
the survey was carried out. 8 For example, it has been shown that this selection bias could lead
to an inverse maternal age effect: in studies based on pregnancy samples, the risk of infertility
may appear to decrease as maternal age increases. 19 To analyze age effect in our study, we
thus considered all couples whether they conceived or not, in order to avoid such marked
selection bias.
There may be a genetic basis for the effects of age on male fertility, as demonstrated for
female fertility. The frequency of genetic diseases due to new autosomal mutations is higher
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in children of fathers aged ≥40 years. 11 A recent study indicated that advanced male age
might also lead to an increase in the frequency of numerical and structural aberrations in
sperm chromosomes. 20 The effect of paternal age may also be mediated by semen
characteristics which deteriorate as the man ages. 21-22
Maternal age of ≥35 years has long been considered an important risk factor for
infertility. Our results showed that for these women, the risk of infertility is significantly
increased when the male partner is aged ≥40 years. Thus, paternal age ≥40 years should also
be considered a key risk factor. Our results may have important implications for couples
delaying childbearing and for infertile couples requesting IVF if the woman is ≥35 years of
age and the man is ≥40 years of age.
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TABLE I.

Description of the study population (n=3287)

Characteristics

No.

%

Delay in pregnancy onset
No
Yes

2452
835

74.6
25.4

Difficulties in having a baby
No
Yes

2354
933

71.6
28.4

Maternal age
<30 years
30-34 years
35-39 years
40 years

2287
771
200
29

69.6
23.4
6.1
0.9

Paternal age
<40 years
40 years

3101
186

94.3
5.7

Countries
Denmark
Germany
Italy
Spain

543
862
1382
500

16.5
26.2
42.1
15.2

Number of previous pregnancies
0
1

1088
2199

33.1
66.9

Female smoking
No
Yes

1909
1378

58.1
41.9

Male smoking
No
Yes

1353
1934

41.2
58.8

Monthly sexual activity
<5
5-19
20

309
1949
403

11.6
73.2
15.2

Previous miscarriage
No
Yes

2796
491

85.1
14.9

Previous induced abortion
No
Yes

3007
280

91.5
8.5
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TABLE II.

Effect of paternal age on risk of delay in pregnancy onset and of difficulties in
having a baby among different maternal age groups

Maternal
age

Paternal
age

Delay in pregnancy onset (a)
n

%

Difficulties in having a baby (b)

adjusted OR (c)

%

adjusted OR (c)

26.21
29.55

1.00
1.18 (0.61, 2.28)

28.21
40.00

1.00
1.65 (0.93, 2.93)

32.58
58.82

1.00
3.02 (1.56, 5.85)

90.00
84.21

- (d)

Men with a female partner aged <30 years (n=2287)
 40
 40

<30 

2243
44

24.12
27.27

1.00
1.18 (0.60, 2.32)

Men with a female partner aged 30-34 years (n=771)
 40
 40

30-34 

716
55

25.00
29.09

1.00
1.17 (0.63, 2.18)

Men with a female partner aged 35-39 years (n=200)
 40
 40

35-39 

132
68

27.27
45.59

1.00
2.21 (1.13, 4.33)

Men with a female partner aged >40 years (n=29)
 40
 40

40 

10
19

50.00
78.95

- (d)

(a)

No conception after 12 months of regular sexual relationship without using a birth control method.

(b)

Delay in pregnancy onset (cf. (a)) or having a pregnancy not resulting in a live birth (i.e. ectopic pregnancy,
miscarriage or stillbirth).

(c)

OR=odds ratio, the confidence interval is indicated in brackets. Adjusted variables were: country, number of
previous pregnancies, female smoking, male smoking, sexual activity, history of miscarriage, history of
induced abortion.

(d)

The logistic model could not be estimated because of insufficient observations.
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TABLE III. Effect of age on the risk of delay in pregnancy onset and the risk of
experiencing difficulties in having a baby when considering paternal age and
maternal age (n=3258)

Maternal
age
(years)

Paternal
age
(years)

Delay in pregnancy onset (a)
adjusted OR (c)

Difficulties in having a baby (b)
adjusted OR (c)

Age effect when considering only maternal age
<30
30-34
35-39

-

1.00
1.16 (0.96, 1.41)
1.79 (1.30, 2.46)

1.00
1.24 (1.03, 1.49)
2.22 (1.64, 3.01)

Age effect when considering only paternal age
-

<40
40

1.00
1.76 (1.26, 2.45)

1.00
2.30 (1.67, 3.17)

Age effect when considering maternal age and paternal age

<30

 40

 40

1.00
1.18 (0.60, 2.32)

1.00
1.17 (0.60, 2.27)

30-34

 40

 40

1.15 (0.94, 1.40)
1.39 (0.76, 2.52)

1.19 (0.98, 1.45)
2.00 (1.15, 3.48)

35-39

 40

 40

1.34 (0.89, 2.00)
2.99 (1.82, 4.91)

1.50 (1.02, 2.20)
4.58 (2.77, 7.55)

(a)

No conception after 12 months of regular sexual relationship without using a birth control method.

(b)

Delay in pregnancy onset (cf. (a)) or having a pregnancy not resulting in a live birth (i.e. ectopic
pregnancy, miscarriage or stillbirth).

(c)

OR=odds ratio, the confidence interval is indicated in brackets. Adjusted variables were: country,
number of previous pregnancies, female smoking, male smoking, sexual activity, history of
miscarriage, history of induced abortion.

