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Abstract

Background—There is a well-documented decline in fertility treatment success with increasing
female age; however, there are few preconception cohort studies examining female age and natural
fertility. In addition, data on male age and fertility is inconsistent. Given the increasing number of
couples attempting conception at older ages, a more detailed characterization of age-related
fecundability in the general population is of great clinical utility.

Objective—To examine the association between female and male age with fecundability.

Study Desigh—We conducted a web-based preconception cohort study of pregnancy planners
from the United States and Canada. Participants enrolled between June 2013 and July 2017.
Eligible participants were aged 21-45 years (females) or >21 years (males), and not using fertility
treatments. Couples were followed until pregnancy or for up to 12 menstrual cycles. We analyzed
data from 2,962 couples who had been trying to conceive for <3 cycles at study entry and reported
no history of infertility. We used life-table methods to estimate the unadjusted cumulative
pregnhancy proportion at 6 and 12 cycles by female and male age. We used proportional
probabilities regression models to estimate fecundability ratios, the per-cycle probability of
conception for each age category relative to the referent (21-24 years), and 95% confidence
intervals.

Results—Among females, the unadjusted cumulative pregnancy proportion at 6 cycles of attempt
time ranged from 62.0% (age 28-30 years) to 27.6% (age 4045 years); the cumulative pregnancy
proportion at 12 cycles of attempt time ranged from 79.3% (age 25-27 years) to 55.5% (age 40-45
years). Similar patterns were observed among males, although differences between age groups
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were smaller. After adjusting for potential confounders, we observed a nearly monotonic decline

in fecundability with increasing female age, with the exception of 28-33 years, where
fecundability was relatively stable. Fecundability ratios were 0.91 (95% confidence interval: 0.74—
1.11) for ages 25-27, 0.88 (95% confidence interval: 0.72-1.08) for ages 28-30, 0.87 (95%
confidence interval: 0.70-1.08) for ages 31-33, 0.82 (95% confidence interval: 0.64-1.05) for ages
34-36, 0.60 (95% confidence interval: 0.44-0.81) for ages 37-39, and 0.40 (95% confidence
interval: 0.22-0.73) for ages 40-45, compared with the reference group (ages 21-24 years). The
association was stronger among nulligravid women. Male age was not appreciably associated with
fecundability after adjustment for female age, although the number of men over age 45 years was
small (n=37).

Conclusion—In this preconception cohort study of North American pregnancy planners,
increasing female age was associated with an approximately linear decline in fecundability. While
we found little association between male age and fecundability, the small number of men in our
study over age 45 years limited our ability to draw conclusions on fecundability in older men.
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INTRODUCTION

Over the last several decades, couples in Western societies have been gradually postponing
conception until older ages.! There are several hypothesized reasons for delayed
childbearing,? including increased access to effective contraception;3 higher female
educational attainment;#-8 increased female participation in the workforce;” cultural shifts
concerning the ideal number of children;8 improved gender equity;%-12 economic
uncertainty,13 14 and the absence of family-friendly workplace policies.1® 16 Given the
increasing number of couples attempting conception at older ages, a more detailed
characterization of age-related fecundability in the general population is of great clinical
utility.

There is a well-documented decline in fertility treatment success with increasing female
age.17-18 |n addition, data from non-contracepting natural fertility populations have shown
that marital fertility rates decline with increasing female age, with peak fecundability in the
early to mid-twenties and a steady decline at older ages; in some populations, a more rapid
decline was observed after age 30 years.19-2

Studies examining the association between age and fecundability in infertile populations or
populations of pregnant women are subject to selection bias?2 and misclassification.23
Though limited in number, preconception cohort studies of women from the general
population avoid these biases and support the hypothesis that a woman’s fecundability
begins to decline during her early thirties. In a Danish preconception cohort study,
fecundability peaked at around age 30 and then declined steadily at older ages. The age-
related decline in fecundability was stronger among nulliparous women.?4 In a
preconception cohort study of American women age 30—44 years, fecundability began to
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decline around age 34 years; this association was more marked among women who had
never conceived before.2>

Studies also indicate that increasing male age, independent of female age, is associated with
reduced fertility. Meta-analyses have shown age-related declines in semen quality, including
volume, motility, morphology and DNA integrity.26: 27 However, prospective cohort studies
examining male age and natural fertility? 28 and success of assisted reproductive
technologies?%-32 report conflicting results. In particular, in a preconception cohort from
seven European cities, among couples in which the female was age 35 years, the crude
probability of conceiving within 12 cycles decreased from 82% if the male was 35 years old
to 72% if the male was 40 years old.28 However, in a Danish preconception cohort study, the
crude probability of conceiving within 12 cycles did not vary substantially by male age
(86%, 81%, and 86% among men aged 30-34, 35-39, and =40 years, respectively), and men
aged =40 years had 0.95 times the fecundability of men aged 21-24 years after adjusting for
covariates.24

To better characterize the age-related decline in fecundability among couples attempting to
conceive naturally, we examined the association between female and male age and
fecundability in a preconception cohort study of pregnancy planners from North America.

MATERIAL AND METHODS

Study design and population

Exclusions

Pregnancy Study Online (PRESTO) is an ongoing prospective cohort study of North
American couples attempting conception.33 Recruitment began in June 2013 using primarily
web-based methods. We used banner ads on social networking sites (/.e., Facebook) that
targeted women based on age, gender, and marital status. We also advertised on health-
related websites, pregnancy-related websites, and parenting blogs. Eligible women were 21—
45 years old, residents of the United States or Canada, in a stable relationship with a male
partner, and attempting to conceive without use of fertility treatments. Female participants
could invite their male partner to participate if the partner was =21 years of age (58% of
participating women invited their male partners and 51% of males invited chose to
participate). Participation for both partners involved a baseline questionnaire on
demographics, lifestyle and behavioral factors, and medical and reproductive histories.
Women completed shorter bimonthly follow-up questionnaires for up to 12 months to
ascertain pregnancies and update exposure information.

The study protocol was approved by the institutional review board at Boston University
Medical Center. All participants provided informed consent online before initiating the
study.

Over 50 months of recruitment, 5,249 women completed the baseline questionnaire. We
excluded couples in which the woman had implausible or missing LMP data (n=175), or was
pregnant at study entry (n=46), and couples who had been attempting conception for longer
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than 3 cycles at study entry (n=1,856). We also excluded couples with a history of infertility
(n=210) for a final analytic sample of 2,962 couples.

Definition of study variables

On the female baseline questionnaire, women reported their date of birth and their partner’s
current age. On the male baseline questionnaire, men reported their date of birth. We
calculated female and male ages at baseline from date of birth and date of female baseline
questionnaire completion. When both partners participated in the study, we used information
from the male questionnaire to measure male age. When only the female partner
participated, we used information from the female questionnaire to measure male age.
Agreement between female and male reports of age was high: among the 842 couples in
which both partners contributed data, 810 (96.2%) reported male age identically, 30 (3.6%)
reported ages discrepant by 1 year, 1 (0.1%) reported ages discrepant by 2 years, and 1
(0.1%) reported ages discrepant by 5 years.

We measured fecundability using data from the female baseline and follow-up
questionnaires. We asked women with regular menstrual cycles about their typical cycle
length. For women with irregular menstrual cycles, we estimated cycle length based on last
menstrual period (LMP) dates at baseline and over follow-up. We estimated time-to-
pregnancy in discrete menstrual cycles using the following formula: [(cycles of attempt at
study entry)+[(LMP date from most recent follow-up questionnaire—date of baseline
questionnaire)/cycle length]+1]. Only observed cycles at risk (those that occurred after study
entry) were included in the analysis. Women who did not complete any follow-ups (n=304)
were assigned one cycle of observation; their outcome information was imputed (see
multiple imputation procedures below).

We obtained additional information on female and male demographics and behaviors from
the female baseline questionnaire. Women reported their race/ethnicity, education level,
household income, menstrual cycle characteristics, weight, height, physical activity,
pregnancy history, smoking history, current alcohol and caffeine intake, intercourse
frequency, use of methods to improve chances of conception (/.e., recording basal body
temperature, monitoring cervical mucus, using an ovulation test kit, and other methods), and
last method of contraception. Women also reported their male partner’s weight, height,
education level, and smoking status. Body mass index (BMI) for females and males was
calculated as weight (kg) divided by height (m?2). Vigorous physical activity for females was
calculating by summing the hours per week spent participating in each of the following
activities: biking, jogging, swimming, racquetball, aerobics, and free weights.

Data analysis

All analyses were conducted using SAS version 9.4.34 We applied life-table methods to
estimate the cumulative pregnancy proportion at 6 and 12 cycles, overall and by age group.
We measured effects of factors affecting fecundability with the fecundability ratio (FR),
which is the average per-cycle probability of conception in exposed compared with
unexposed women; a FR <1.00 indicates that exposure has an adverse association with
fecundability. We fit proportional probabilities regression models to compute FRs and 95%
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confidence intervals (Cl) by age category. This model adjusts for changes in fecundability
over time since beginning pregnancy attempts by including indicators of cycle attempt, and
it accounts for left truncation by allowing for delayed entry into the risk set.3% 36 Crude
fecundability declines rapidly with time since attempting pregnancy because there is steady
depletion of the most fertile couples from the eligible pool. Follow-up was censored at
reported pregnancy, initiation of fertility treatment, cessation of pregnancy attempt, loss to
follow-up, or 12 cycles, whichever came first.

We adjusted for female education (<high school, some college, college degree, graduate
school), female smoking history (never, former, current occasional, current regular), female
alcohol use (0, 1-6, 7-13, =14 drinks/week), female BMI (<25, 25-29, 3034, =35 kg/m?),
female vigorous physical activity (0, 1-3, 4-6, =7 hours/week), parity (nulliparous, parous),
male BMI (<25, 25-29, 30-34, =35 kg/m?), male education (<high school, some college,
college degree, graduate school), male smoking (not current, current), annual household
income (<$50,000, $50,000-$99,999, $100,000-$149,999, >$150,000), intercourse
frequency (<1, 1, 2-3, =4 times/week), use of methods to improve chances of conception
(recording basal body temperature, monitoring cervical mucus, using an ovulation predictor
kit, and other; not mutually exclusive), and last method of contraception (hormonal methods,
barrier methods, withdrawal/rhythm methods). Models were additionally adjusted for
partner age (<25, 25-27, 28-30, 31-33, 34-36, 37-39, =40 years).

We fit restricted cubic splines to allow for non-linear relations between age and
fecundability.3” 38 We stratified final models by gravidity to determine if the relation
between age and fecundability differed between women with and without a prior pregnancy.
Lastly, given that miscarriage is more common among older women,3 we ran separate
models with viable pregnancy as the outcome, censoring pregnancy losses at their LMP date.

Data missingness ranged from 0% (age) to 3% (income). We used multiple imputation to
account for missing data on covariates. Our imputation model contained 150 variables, and
we created five imputation data sets using PROC MI. We used PROC MIANALYZE to
combine betas and standard errors from each imputation data set.

RESULTS

Among women who completed the eligibility screening questionnaire, 89% were eligible for
participation. Of those eligible, 65.8% completed the baseline questionnaire. We included
2,962 couples with no history of infertility who had been trying to conceive for <3 cycles at
study entry in the present analysis; 62.4% of these couples conceived over follow-up, 6.0%
started fertility treatment, 0.6% stopped trying to conceive, 19.8% were lost to follow-up
before 12 cycles, and 11.2% were censored at 12 cycles. Women who completed the study
(n=2,377) were more likely to have a college degree (82.3% vs. 71.5%), less likely to have a
household income <$50,000/year (18.5% vs. 27.1%), and more likely to be white, non-
Hispanic (80.8% vs. 77.2%) than women who were lost to follow-up. However, they were
similar with respect to age (mean female age=29.9 years in both groups; mean male
age=31.7 and 32.1 years, respectively).
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The average ages of female and male PRESTO participants were 29.9 (standard deviation
(SD)=4.0) and 31.8 (SD=5.1) years, respectively. Female age ranged from 21 to 44 years;
male age ranged from 21 to 65 years. Female and male age were positively correlated
(Pearson’s correlation coefficient (r)=0.62). Female age was positively associated with
female education, household income, parity, gravidity, cycle regularity, female BMI, and
doing something to improve chances of conception; it was inversely associated with cycle
length, female current smoking and alcohol intake, and intercourse frequency (Table 1).
Male age was positively associated with male education, household income, having ever
impregnated a partner, and male alcohol intake; it was inversely associated with intercourse
frequency.

The cumulative pregnancy proportions after 6 and 12 cycles of attempt time were 58.1% and
74.9%, respectively. Among couples attempting to conceive for 0 or 1 cycles at study entry,
these proportions were 63.9% and 78.7%, respectively. Females in the 25-27 year age group
had the highest crude probability of pregnancy after 12 cycles (79.3%), whereas women in
the 40-45 year age group had the lowest probability (55.5%) (Table 2). Variation in the
crude cumulative probability of pregnancy after 12 cycles was less substantial across male
age groups; the probability was lowest among men aged 21-24 years (70.0%) and men aged
>40 years (68.9%), and was relatively similar for men aged 25-39 years.

In unadjusted models, we observed an inverted-J shaped association between female age and
fecundability (Table 2 and Figure 1). Compared with women aged 21-24 years, FRs for
women aged 25-27, 28-30, 31-33, 34-36, 37-39, and 40-45 years were 1.06 (95% CI:
0.88, 1.28), 1.08 (95% CI: 0.91, 1.29), 1.06 (95% ClI: 0.88, 1.26), 1.02 (95% ClI: 0.83, 1.25),
0.75 (95% CI: 0.58, 0.98), and 0.48 (95% ClI: 0.27, 0.85), respectively. However, after
adjustment for female and male covariates, we observed a more linear decline, with FRs of
0.91 (95% CI: 0.74, 1.11), 0.88 (95% CI: 0.72, 1.08), 0.87 (95% Cl: 0.70, 1.08), 0.82 (95%
Cl: 0.64, 1.05), 0.60 (95% CI: 0.44, 0.81), and 0.40 (95% ClI: 0.22, 0.73), respectively.

The unadjusted association between male age and fecundability was roughly similar to that
for female age, although not declining as steeply (Table 2 and Figure 1). FRs for men aged
25-27, 28-30, 31-33, 34-36, 37-39, and =40 years compared with men aged 21-24 years
were 1.14 (95% CI: 0.90, 1.46), 1.24 (95% CI: 0.99, 1.55), 1.16 (95% CI: 0.92, 1.46), 1.15
(95% CI: 0.91, 1.45), 1.09 (95% ClI: 0.84, 1.41), and 0.91 (95% ClI: 0.69, 1.19), respectively.
However, after adjustment for female age and other covariates, there was no substantial
association between male age and fecundability.

The inverse association between older female age and fecundability was slightly stronger
among nulligravid women (Table 3). FRs for women aged 34-36, 37-39, and 40-45 years
compared with women aged 21-24 years were 0.68 (95% CI: 0.48, 0.96), 0.51 (95% ClI:
0.30, 0.85), and 0.20 (95% CI: 0.03, 1.44), respectively, among nulligravid women and 0.96
(95% CI: 0.67, 1.40), 0.70 (95% ClI: 0.46, 1.08), and 0.48 (95% ClI: 0.24, 0.94), respectively,
among gravid women.

When we specified viable pregnancy as the outcome variable, our results were slightly
stronger (FRs for women aged 25-27, 28-30, 31-33, 34-36, 37-39 and 40-45 years
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compared with 21-24 years were 0.91 (95% CI: 0.74, 1.13), 0.85 (95% ClI: 0.68, 1.05), 0.84
(95% CI: 0.67, 1.05), 0.79 (95% CI: 0.61, 1.03), 0.61 (95% CI: 0.44, 0.84), and 0.38 (95%
Cl: 0.20, 0.73), respectively).

COMMENT

In this North American preconception cohort study of pregnancy planners, we observed an
approximately linear decline in fecundability with increasing female age. Women aged 40—
45 years were 60% less likely to conceive in any given cycle than women aged 21-24 years.
The age-related decline in fecundability was more pronounced among women who had
never conceived before. Results were stronger when considering viable pregnancies rather
than all pregnancies as the outcome variable, indicating that older women are both less likely
to conceive and less likely to carry a pregnancy term if they do conceive. We excluded
women with a history of infertility from our analysis and adjusted for selected factors that
may be related to both age and fecundability (e.g., intercourse frequency, partner age). After
accounting for female age, male age was not substantially associated with fecundability.

Diminished ovarian reserve and periodic anovulation are thought to contribute to lower
fecundability among older women.40: 41 Other preconception cohort studies have also
reported a female age-related decline in fecundability. In a cohort study of older American
women (age 30-44 years), a gradual association was observed between increasing female
age and reduced fecundability, with the decline starting around age 34 years.25> Results were
not adjusted for potential confounding factors. In a Danish preconception cohort study,
adjusted fecundability increased slightly from ages 20 through 28, then decreased linearly at
older ages.?* In the present study, we also found a slightly stronger association between age
and fecundability among nulligravid women, as has been observed in other studies.24 2
These findings may reflect prior unplanned pregnancies among the gravid women, as older
women with no history of unplanned pregnancy may be inherently less fertile.

We found little association between male age and fecundability after accounting for female
age. This finding generally agrees with the similarly-designed Danish preconception cohort
study, where only slight reductions in fecundability were observed among men aged =40
years.24 However, our results conflict with those from a preconception cohort study
comprising couples from seven European cities,28 and with two pregnancy-based studies
that found stronger associations between advanced male age and fertility.2: 43 Despite
evidence that male reproductive capacity exists well into the sixties, we had very few men in
our study over age 45 (n=37); therefore we were unable to examine fecundability separately
for the oldest age ranges of men.

Our study population comprised pregnancy planners recruited via the internet. While there
are differences between users and non-users of the internet,* these differences would not
affect our comparisons unless the relationship between age and fecundability differs between
internet users and non-users, which seems unlikely.#> Furthermore, our study*® and

others#”- 48 have demonstrated that even when participation in a cohort study is related to
characteristics such as age and parity, bias due to self-selection is not necessarily present.
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Our study population was restricted to couples planning a pregnancy. If unplanned
pregnancies are more prevalent among fertile couples and younger women,#° exclusion of
unplanned pregnancies could have introduced selection bias. Because younger, more fertile
women may be underrepresented in our study population, the FRs for older women may be
biased upwards.

Although 19.8% of our participants were lost to follow-up before completing the study,
mean female and male ages were similar among those who did and did not complete the
study. Therefore, we do not believe that differential loss to follow-up is a major source of
bias in this analysis.

The present study improves upon prior preconception cohort studies by controlling for
potential confounders and categorizing age more finely. Our results confirm the decline in
fertility with increasing female age, but we found an approximately linear relationship
throughout the reproductive years. The oldest women in our cohort (40-45 years) had 60%
lower fecundability and approximately three-quarters the probability of conceiving within 12
cycles than women 21-24 years of age. In contrast, we found that male age is not strongly
associated with fertility, although we were unable to examine the relationship between age
and fecundability among men >45 years due to small numbers.
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Association between female and male age and fecundability, fitted by restricted cubic
splines, PRESTO, 2013-2017. The reference value was 21 years, the youngest age in the
cohort. Both unadjusted (dotted line) and adjusted (solid line; adjusted for female education,
female smoking, female alcohol use, female BMI, female vigorous physical activity, male
education, male BMI, male smoking, household income, using methods to improve chances
of conception, intercourse frequency, last method of contraception, and partner age) results
are presented. Knots are located at the 101, 25t 75t and 90t percentiles (25, 27, 33, and
36 years for females; 26, 28, 35, and 39 years for males). The spline for male age is trimmed
at the 99t percentile (50 years).
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