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Abstract
Objective—To quantify the natural decline in fecundability by age and assess the effect of
selected volitional factors.

Design—Prospective cohort study of women attempting conception.

Setting—General population cohort of Danish women aged 20–40 years.

Participants—2,820 women without infertility, trying to conceive for less than 3 cycles at study
entry.
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Intervention—none.

Outcome measure—fecundability.

Results—Age had little effect on fecundability except for women 35–40 yrs, for whom it was
0.77 relative to women aged 20–24. Male age showed a similar but smaller drop, declining to 0.95
for men aged 35–39. The effect of age differed for parous and nulliparous women, with the latter
experiencing much stronger age-related declines relative to fecundability at age 20. Frequency of
intercourse, use of nonhormonal birth control as the last method, and timing of intercourse each
had small effects on fecundability. Women who were in the high-fecundability categories for all
three of these volitional factors had an estimated probability of conceiving of 88% (95% CI: 83%–
93%). Unlike age, these factors represent individual choices that together can offset some of the
age-related decline in fecundability.

Conclusion—Fecundability peaks around age 30, slightly earlier for nulliparous than for parous
women, and then declines. The decline with age is more modest for males. Couples will
experience a compounded effect of their separate age-related declines. At age 40, a couple’s
fecundability would be approximately half of what it is at age 30, but some of this decline can be
counteracted by volitional factors affecting conception.
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Introduction
Age is a strong determinant of fecundability (the probability of conception during a single
menstrual cycle with unprotected intercourse) (1–5), but it is not modifiable, whereas other
strong determinants of fecundability, such as frequency and timing of intercourse, are
volitional and may be modified to offset declines in fecundability with age. To the extent
that this compensatory behavior occurs, the natural decline in fecundability with age may be
partially masked.

The age-related decline in fecundability has been studied mostly in women receiving donor
insemination or from retrospective data collected from women who have already conceived.
Schwartz and colleagues (1) studied fecundability among women with azoospermic partners
receiving donor insemination with frozen semen. They reported a probability of conception
of 73% within 12 cycles for women under age 30, declining to 61% for women 30–34 years
of age and to 54% for women older than 34. van Noord-Zaadstra et al. (2) found similar
results in a Dutch population of women receiving donor insemination. Studies in historical
populations that did not use contraception show accelerating decreases in fecundability as
women age from their mid-20s into their 40s (4, 5). Studies based on women who succeed in
getting pregnant are subject to selection biases that may distort the age relation (6).

Couples also appear to experience declining fecundability with increasing age of the male
partner. Homan et al. reported a decline in fecundability for couples in which the male is
older than 40 years (7); Baird et al. mention a decline in fertility success in attempts at
assisted reproduction when the sperm comes from males over 50 years (8). Hassan and
Killick found increased time to pregnancy with increasing age of the male partner (9). These
studies are reinforced by findings of declining semen volume, sperm motility, and sperm
morphology (but not sperm concentration) with increasing age of the male partner (10).

No study has examined the age-related decline in fecundability in a population-based
prospective cohort study of women trying to conceive, while controlling for volitional
factors. We therefore examined the pattern of age-related fecundability after controlling for
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several volitional factors, together with other factors that might confound the fecundability
estimates. We also examined the decline in fecundability in relation to age of the male
partner.

Methods
Study population and data collection

The Snart Gravid prospective cohort study enrolled Danish women from the general
population who stopped using contraception because they wished to become pregnant
(11,12). The cohort was recruited and followed for up to one year via the internet, beginning
in June of 2007. Potential participants learned about the study from an advertisement on a
Danish health-related website (www.netdoktor.dk) or through other publicity, such as
magazine articles. The study website contained an on-line consent form and a screening
questionnaire. Eligible women were residents of Denmark, age 18–40, in a stable
relationship with a male partner of any age, not using any form of contraception or fertility
treatment. Participants provided proof of identity and record linkage through their Civil
Registration Number (CRN). They also gave an email address and completed an extensive
baseline questionnaire. Shorter follow-up questionnaires were completed at intervals of eight
weeks to ascertain pregnancies and to update exposures. Follow-up continued for up to 12
months (6 follow-up questionnaires), but ceased if the woman reported being pregnant,
stopped trying to become pregnant, or began fertility treatment. 82% of women were
followed for all 12 months, or until a study event occurred (13).

On the baseline and follow-up questionnaires, women were asked “Are you or your partner
doing anything to help you time intercourse (e.g., keeping a record of basal body
temperature, monitoring changes in cervical mucus, using LH or ovulation testing kits)?” On
the baseline questionnaire women were also asked to specify which methods they were
using (indicating all that applied): basal body temperature, monitoring of cervical mucus,
LH/ovulation testing kit, or other. The most common response for the “other” category was
“counting days of menstrual cycle”. At baseline and at each follow-up, women were asked
to report on their frequency of sexual intercourse (in the past month) in categories of “<1 per
month, once per month, 2–3 times per month, once per week, 2–3 times per week, 4–6 times
per week, and daily.”

After 54 months of recruitment, 5,920 women were enrolled in the cohort. Many of these
women had been trying to conceive for several months before they entered. For this
analysis, we excluded the 1,948 women who had been trying to conceive for >3 cycles at
study entry, to focus on women who were just recently attempting to conceive. We also
excluded 38 women and 2 male partners aged <20 at study entry, 236 women with a history
of infertility, 296 women with insufficient or implausible information about their last
menstrual period date or length of time trying to conceive, and 580 women who completed
only the baseline questionnaire. Thus, our cohort for this analysis comprised 2,820 women.
Of these, 69% had been trying to become pregnant for 1 month or less at enrollment.

Data analysis
We examined the relation between female age at the time of study enrollment and
conception during the following 12 menstrual cycles by applying life-table methods to
estimate the cumulative probability of conception within four age categories of women, 20–
24, 25–29, 30–34, and 35–40 years. Within each of these age categories, we examined
cumulative probabilities of conception for three subsets of women: 1) women with higher
frequency of intercourse (≥2 times/week); 2) women who were timing intercourse to
become pregnant; and 3) women who used non-hormonal methods as their last method of
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contraception, because women using hormonal methods have a short delay in return to
fertility (14). We also examined fecundabilty for the 319 women who met all three criteria.
We then fit a proportional probabilities regression model to compute fecundability ratios
(FRs) and 95% confidence intervals (CIs) by age category, adjusting for cycle at risk using
left-truncation and controlling for potential confounders including vigorous physical
activity, female body mass index (BMI), education, alcohol consumption, current smoking,
pack-years of smoking (ever smokers), male BMI, male smoking, cycle length, cycle
regularity, intercourse frequency, last method of contraception, parity, and methods used to
time intercourse (15). The FR represents the average per cycle probability of conception for
women (or men) of a given age relative to those at a referent age. A FR below one indicates
reduced fecundability of exposed persons relative to unexposed persons.

We used menstrual cycles rather than calendar time as the time metric in the regression
model. We asked women whether they had regular menstrual cycles (defined as “usually
being able to predict from one menstrual period to the next about when the next menstrual
period would start”). Women with regular cycles were asked to report their usual cycle
length. For women with irregular cycles or missing data, we estimated cycle length from the
date of last menstrual period (LMP) at the baseline questionnaire, and from the actual LMP
dates recorded during each follow-up questionnaire. We estimated time to pregnancy in
cycles based on the following formula:

We added one cycle to account for the average woman being at midcycle when she filled out
the baseline questionnaire. Observed cycles at risk were defined as those occurring after
study entry.

We censored follow-up if and when participants (1) reported use of fertility treatments or
change in intention to become pregnant, (2) became lost to follow-up or actively resigned
from the study, or (3) reached the end of the observation period (no conception after 12
menstrual cycles). Using the same methods, we also examined the relation between male age
and fecundability in five age categories, 20–24, 25–29, 30–34, 35–39, and ≥40 years. Finally
we fitted smoothed curves to depict the trend in fecundability ratio with age, using restricted
cubic splines (16, 17). A spline curve is a concatenated series of polynomial functions with
segments joined at points called “knots,” intended to depict the underlying trend. The slopes
of the polynomial segments are constrained to fit smoothly at the knots, and the end
segments (in a restricted spline model) are kept linear to avoid the undue influence of
outliers.

We used multiple imputation methods to impute missing data (18). The proportion of
missing data at baseline ranged from as low as 0.13% (age of the male partner) to as high as
4% (pack-years of smoking); proportions were 0.39% for last method of contraception,
0.42% for frequency of intercourse, and 0.58% for actions to improve chances of fertility
success (e.g., timing intercourse). There were no missing data for age of female (by design).
In SAS statistical software (version 9.2), we used PROC MI to create five imputed datasets
and PROC MIANALYZE to combine results across the five datasets (19). All potential
confounders were included in the imputation procedure.
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Ethical Review
The Snart Gravid study was approved by the Danish Data Protection Board and the
Institutional Review Board at Boston University, and consent was obtained from all
participants via the internet.

Results
Characteristics of the study population according to female and male age at baseline are
shown in Table 1. Female age was positively associated with male partner’s age, regular
menstrual cycles, short cycle length, higher education, parity, pack-years of smoking,
alcohol intake, use of barrier methods as last method of contraception, and attempting to
time intercourse. An intercourse frequency of 4+ times per week was highest for women
under age 25 and diminished progressively with increasing age. Female age was not
appreciably associated with BMI. Similar patterns were observed for male age.

Among the 2,820 couples in this analysis, 2,075 became pregnant within 12 menstrual
cycles of follow-up, for a crude cumulative probability of conception of 74%. This crude
figure does not adjust for the fact that some couples had incomplete follow-up or stopped
trying to conceive; when we accounted for these phenomena using life-table methods, the
estimated probability of becoming pregnant within 12 months was 83% (95% CI 81%–
85%). Women between 25 and 34 years of age had greater fecundability than women in
younger or older age categories when other variables were not considered. Table 2 shows
how age-specific fecundability changed according to various volitional factors affecting
conception. A frequency of intercourse of 2+ times per week, the last method of birth
control, and whether intercourse timing was used each had small effects on fecundability,
but women who were in the high-fecundability categories for all three of these factors had
an estimated probability of conceiving of 88% (95% CI 83%–93%) within 12 cycles, 6%
greater in absolute probability than the value of 82% for women who did none of the three.
Overall, these results indicate that volitional factors enhance fecundability, although the
magnitude does not fully offset the age-related decline. Also, the increase in fecundability
attained by timing of intercourse, use of non-hormonal methods of birth control, and greater
frequency of intercourse appears to be more modest for older women than for women under
age 30.

Table 3 shows the unadjusted and fully-adjusted associations for fecundability in relation to
female and male age, derived from a proportional probabilities regression model. With
adjustment for confounders, a woman’s age had comparatively little effect except for a
marked decline in fecundability in the oldest age category, 35–40 yrs, to 0.77 (95% CI: 0.62
—0.97) relative to women aged 20–24. Male partner’s age appeared showed the same
pattern as females with an increase in fecundability from age 20–24 to age 30–34, followed
by a drop at older ages, but the drop was small, declining to 0.95 for men aged 35–39 (95%
CI: 0.77—1.19) relative to men aged 20–24. We also fit these models after removing terms
for cycle regularity and menstrual cycle length, to address the concern that these variables
were mediating factors and therefore should not be controlled. The results were essentially
unchanged when these variables were removed.

These results involve collapsing data into a few relatively broad age categories; to avoid the
loss of information from collapsing the data, and to depict the age trend visually, we also
plotted smoothed curves using a restricted cubic spline regression model. The first panel of
figure 1 shows the trend in fecundability by female age with and without adjustment for
other predictors of fecundability. With adjustment, fecundability rises only slightly until
around age 30, after which there is a gradual decline. In the bottom panel of figure 2, the
results are shown separately for parous and nulliparous women. For parous women the curve
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is an inverted “U,” with fecundability at age 40 similar to fecundability at age 20, and much
higher between these ages. For nulliparous women, however, fecundability does not appear
to increase much between age 20 and 30 and then declines so that by age 40 it is
substantially below the value at age 20.

Because nulliparous women comprise gravid and nulligravid women, we also fit the curves
examining fecundability ratio by age for these two groups separately (not shown). The
former group comprised only 306 women out of the 1939 nulliparous women, and
consequently that curve had wide confidence bands and the regression model did not
converge with all covariates included. With control for a smaller subset of covariates, we
found that the curve for the nulligravid group moved closer to that for parous women in
figure 3, and the nulliparous but gravid group showed an earlier and much steeper decline in
fecundability with age, although this finding was based on comparatively few women.

The central panel of figure 1 summarizes the data on the relation between fecundability and
age of male partner. The changes with age resemble those of females, but when confounders
are controlled, the change appears much smaller than for females, dropping about 20% from
the peak at age 30 to age 45. In all these analyses, age of partner has been controlled. Most
couples, however, will experience the compounding effect of a simultaneous advance in
both partners’ ages, and therefore the decline in fecundability after age 30 will be
considerably steeper than is depicted in any of these figures. As an illustration, we estimated
the fecundability ratio for couples in which both partners were either age 37 or above or in
the age range 27–33 (essentially comparing couples around age 40 with couples around age
30), using the same model as in table 3. The fecundability ratio for the older couples was
0.58 compared with the younger couples (95% CI 0.42—0.79).

Discussion
We found that women had slightly higher fecundability than estimates reported in earlier
studies (1–5), a difference that may at least partially stem from differences in the
populations studied. In our study, peak fecundability was approximately 29–30 years among
parous women and 27–28 years among nulliparous women. Among parous women, age was
associated with increasing fecundability until age 30 years, after which it decreased; among
nulliparous women, there was little increase in fecundability after age 20 and a marked
decline starting around age 28 years. The effect of male age was more modest, but also was
associated with a decline beginning near age 30 years. Our cohort is relatively young, with
few participants from the oldest categories of reproductive age, and therefore our findings
may not be applicable for the oldest couples seeking to conceive.

Previous studies have examined fecundability in women receiving donor insemination,
whereas the current study prospectively followed a cohort of women trying to conceive
naturally, and is restricted to women who were just beginning to attempt pregnancy. Our
study most closely resembles that of Howe et al. (3), a prospective cohort study in which
data also were stratified by parity. In that study, the effect of age on fecundability was
modest among parous women until age 37, after which it declined appreciably, but for
nulliparous women there was a strong and consistent decrease in fecundability in each age
category above 25–27 (the youngest age group in study). Howe et al. reported peak
fecundability for parous women at age 28–29 years (3). Therefore, the results from these
two prospective studies show remarkably similar parity-specific age patterns. Both studies
indicate that the age-fecundability fertility decline is stronger in nulliparous women

The validity of our findings depends ultimately on the data quality and completeness of
follow up. Our study population was recruited via the internet. Although study participants
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are volunteers, the same is true for essentially all population-based cohort studies and all
randomized trials. If the age-related decline that we report differed between Danish internet
users and others, our results might have limited generalizability, but we see no reason why
age-related declines in fecundability would differ according to whether a woman had
internet access. Other factors, such as reproductive history, could have affected participation
and be related to fecundability; if these factors were also associated with age, they could
have distorted the estimates of fecundability ratios by age. Because women who were
included in this analysis began their attempts to conceive up to three months before we
began to follow them, women who became pregnant very soon after attempting to conceive
were less likely to be enrolled. This selective enrollment also could have distorted our
findings.

We found that older women more often employed timing of intercourse to improve their
chances for conception, but there was nevertheless a decreasing frequency of intercourse
with increasing age, even among this population of women who were trying to conceive.
Among women who had both a decreased frequency of intercourse and more careful timing
of intercourse, there was only a modest net effect on fecundability, which offset some but
not all of the age-related decline.

The decline in fecundability that we observed is steeper for women than for men, but begins
at approximately the same age for both. Thus, for committed couples who are aging
together, there is a compounded effect of their separate age-related declines. For example, if
both partners are the same age and the declines are considered independent, then their
fecundability at age 40 is nearly half of what it is at age 30.
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figure 1.
Association between age and fecundability, fitted by restricted cubic splines. Reference level
for FR is 20 years. All curves used 3 knots located at 25, 30, and 35 years, except for the
male curves, which have an additional knot at age 40. In the first two panels, the unadjusted
curve controls for cycle number only, and the adjusted curve controls for cycle number,
partner’s age, vigorous physical activity, BMI, vocational training, alcohol intake, current
smoking, pack-years of smoking (ever smokers), partner smoking, partner BMI, cycle
length, cycle regularity, parity, intercourse frequency, last method of contraception, and
methods used to time intercourse. In the third panel, both curves control for cycle number,
female age, vigorous physical activity, BMI, vocational training, alcohol intake, current
smoking, pack-years of smoking (ever smokers), partner smoking, partner BMI, cycle
length, cycle regularity, parity, intercourse frequency, last method of contraception, and
methods used to time intercourse.
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