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Objective: To characterize the relation between established and previously unexplored characteristics of the fertile life with all-cause
and cause-specific mortality.
Design: Prospective cohort study.
Setting: Not applicable.
Patient(s): A total of 4,076 postmenopausal women.
Intervention(s): Women's fertile lifespan (age at menarche to menopause), number of children, maternal age at first and last child,
maternal lifespan (interval between maternal age at first and last child), postmaternal fertile lifespan (interval between age at last child
and menopause), lifetime cumulative number of menstrual cycles, and unopposed cumulative endogenous estrogen (E) exposure.
Main Outcome Measure(s): Registry-based all-cause and cause-specific mortality.
Result(s): A total of 2,754 women died during 14.8 years of follow-up. Compared with women with 2–3 children, a 12% higher hazard
of dying was found for women having 1 child (hazard ratio [HR], 1.12; 95% confidence interval [CI] 1.01–1.24), which became
nonsignificant in models adjusted for confounders (HR, 1.08; 95% CI 0.96–1.21). Late age at first and last birth were associated with
a 1% lower hazard of dying (HR, 0.99; 95% CI 0.98–1.00). Longer maternal and postmaternal fertile lifespan (HR 1.01; 95% CI
1.00–1.02), longer fertile lifespan (HR 1.02; 95% CI 1.00–1.05), and unopposed cumulative E exposure (HR, 1.02; 95% CI 1.00–1.04)
were significantly harmful for all-cause mortality. Findings differed with regard to direction, size, and statistical significance when
stratifying for cardiovascular disease, cancer, and other mortality.
Conclusion(s): Overall, we found that late first and last reproduction were protective for all-cause mortality, whereas a longer maternal
lifespan, postmaternal fertile lifespan, and E exposure were harmful for all-cause mortality. More research is needed in contemporary
cohorts with larger sample sizes and more extreme ages of birth. (Fertil Steril� 2017;107:448–56. �2016 by American Society for
Reproductive Medicine.)
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D uring the past decades there
has been a major interest in
the role of fertility characteris-

tics, including parity and timing of
childbirth, in later life health (1). This
research area has intensified during
the past 20 years given the demo-
graphic trends wherein couples tend
to postpone childbirth to later life
stages (2). Since the 1970s, the propor-
tion of European women aged
R30 years at first childbirth increased
from 8%–40% and the mean age hereof
increased by 4–5 years (3). The para-
digm shift in reproductive choices is
not without risk as it could lead
to involuntary childlessness and
VOL. 107 NO. 2 / FEBRUARY 2017

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/13103-22973
https://www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/13103-22973
mailto:l.jaspers@erasmusmc.nl
http://dx.doi.org/10.1016/j.fertnstert.2016.11.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fertnstert.2016.11.006&domain=pdf


Fertility and Sterility®
unattained desired family sizes (4). In addition, pregnancy
complications and maternal mortality rates are higher during
late motherhood at advanced ages (5). Nevertheless, benefits
from these changing fertility patterns on mortality and
longevity have also been widely observed (1).

Several measures of fertility potential have been sug-
gested, some of which include late reproduction, parity, and
age of menopause (6). The fertile lifespan (the interval be-
tween menarche and menopause), which has been used as a
proxy for endogenous sex steroid exposure in cardiometa-
bolic studies (7), could serve as physiologic index for fertility
capacity (8, 9). In addition, because most women do not use
their entire reproductive period to bear children, it may be
of interest to look at more precise measures of the
childbearing potential through extra characteristics, which
include maternal lifespan (the interval between age at first
birth and age at last birth) and postmaternal fertile lifespan
(the interval between age at last child and age of menopause).

The full spectrum of fertile lifespan characteristics in as-
sociation with all-cause or cause-specific mortality has not
been examined. Particularly for several characteristics, such
as age at last birth in relation to cause-specific mortality,
the evidence is limited. In the present study we cover a range
of established and previously unexplored characteristics of
the fertile lifespan and expand the scope from all-cause to
cause-specific mortality. Hence, we aimed to assess the asso-
ciations between eight characteristics of the fertile lifespan
(number of children, age at first birth, age at last birth,
maternal lifespan, postmaternal fertile lifespan, fertile life-
span itself, lifetime cumulative number of menstrual cycles,
and lifetime unopposed endogenous estrogen [E] exposure)
with all-cause and cause-specific mortality in the prospective
population-based Rotterdam Study.

MATERIALS AND METHODS
Study Population

The study was embedded within a prospective, population-
based cohort study among subjects R55 years in the munic-
ipality of Rotterdam, the Netherlands: the Rotterdam Study
(RS). The rationale and study design have been described in
detail elsewhere (10).

The baseline examination was completed between 1990
and 1993 (RS-I). Of the 4,878 women enrolled in the RS at
baseline, 4,076 postmenopausal women were included in
the present study. Women without informed consent (n ¼
187), missing data in >50% of the covariates (n ¼ 123),
missing age of menarche or menopause (n ¼ 473), or missing
age at first birth, last birth, or number of children (n ¼ 19)
were excluded from the analyses. An overview of the partic-
ipant flow can be found in the flowchart (Supplemental Fig. 1,
available online). The RS has been approved by the Medical
Ethics Committee of the Erasmus Medical Centre and by the
Ministry of Health, Welfare and Sport of the Netherlands, im-
plementing the Wet Bevolkingsonderzoek: ERGO (Population
Studies Act: Rotterdam Study). All participants provided writ-
ten informed consent to participate in the study and to obtain
information from their treating physicians.
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Assessment of Fertile Lifespan Characteristics

The self-reported number of children, age of the mother at
first and last birth, and age at menarche and menopause
were assessed during the baseline interview using a question-
naire. Age at menopause was defined in retrospect as the age
at final menstrual period, after a 12-month period of amenor-
rhea (11). Maternal lifespan was defined as the interval be-
tween maternal age at first and last birth in women that
had two or more children, and may be a more precise measure
of the childbearing period compared with the fertile lifespan,
considering the fact that women do not use the entire fertile
period to bear children. The postmaternal fertile lifespan
was made by subtracting maternal age at last birth from
age of menopause. Both age of menopause and age at last
birth could be considered indirect proxies for fertility (6).
Fertile lifespan in years was calculated by subtracting the
age at menarche from the age at menopause. Lifetime cumu-
lative number of menstrual cycles was calculated by subtract-
ing 9 months for each pregnancy, 4 months of breastfeeding
for every born child (12, 13), and contraceptive use duration
in months from the reproductive lifespan in months. This
value, the cumulative endogenous E exposure, was then
converted to years, after which it was multiplied by the
reported mean number of menstrual cycles per year (12, 14).
To get the unopposed cumulative endogenous E exposure,
the total postovulatory period in months ({lifetime number
of menstrual cycles � 2}/4), was subtracted from the
cumulative endogenous E exposure in months (12).

Assessment of All-cause and Cause-specific
Mortality

Mortality data were obtained by several complementary ap-
proaches to ascertain (cause of) death for all participants of
the RS. Data sources included the central registry of the Mu-
nicipality of Rotterdam, records from collaborating general
practitioners, and information obtained during follow-up
rounds. If the vital status of participants was missing, the
Central Registry of Genealogy of the Netherlands was con-
sulted. Two research physicians independently classified the
cause of death according to the International Classification
of Diseases, 10th revision (15), from which cause-specific
mortality was assessed. In case of disagreement, consensus
was sought in a separate session. All causes of death were
approved by experienced field-specific experts for final clas-
sification. For all-cause mortality participants were followed
until March 3, 2015, and for cause-specific mortality until
January 1, 2013. For the study of cause-specific mortality,
we created three groups: cardiovascular mortality, cancer
mortality, and other deaths (Supplemental Methods, available
online).

Assessment of Covariates

Socioeconomic and environmental conditions and family
planning can greatly impact the potential biological associa-
tion between fertility and mortality (6). Therefore, the
following covariates were considered for inclusion in the sta-
tistical models: baseline age, education level, marital status,
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household income, ethnicity, smoking, alcohol intake, diet,
physical activity, hormonal contraceptive use, female hor-
mone use, prevalent chronic disease, cycle regularity at
25 years of age, menopause type, and waist-to-hip ratio. In
addition, women of the same age can have different ages of
menopause. Timing of menopause is associated with fertile
lifespan characteristics and with postmenopausal health
(16). Hence, time sincemenopause was included as a covariate
in statistical models. All covariates were self-reported, except
for body mass index (BMI) and waist-to-hip ratio, which was
measured by research assistants at the study center. A
description of the definitions and coding of all covariates
can be found in the Supplemental Methods section.
Statistical Analysis

As a first step the distributions of all fertile lifespan character-
istics was assessed. Because all of these variables were
approximately normally distributed, no transformation was
necessary. The correlations between the variables number of
children, age of the mother at first and last birth, and age at
menarche and menopause (the variables used to make the
eight fertile lifespan characteristics), were assessed using the
Pearson's correlation coefficient.

The associationbetween the eight fertile lifespancharacter-
istics (all analyzed continuously) and all-cause and
cause-specific mortality were assessed using Cox regression.
P-splines were used to characterize the shape of the effect of
each continuous exposures with all-cause mortality and to
identify any potential nonlinear associations (17). In addition,
fertile lifespan characteristics were analyzed categorically us-
ing categories adapted from literature; if no evidence-based
categorizations were available, quartiles were used (18–21).
The proportional hazards assumption was checked by testing
the significance of the interaction term of each exposure with
time in the Cox models (e.g., Time � Number of children),
and this assumption held for all exposures.

Model 1 was adjusted for age and time since menopause.
Model 2 was additionally adjusted for education level, marital
status, household income, hormonal contraceptive use, smok-
ing, alcohol intake, physical activity, menopause type, female
hormone use, prevalent chronic disease, and waist-to-hip ra-
tio. These covariates were chosen because they were statisti-
cally associated with the exposure (e.g., fertile lifespan
characteristic) and the outcome (mortality) at a<0.2 (22).
The same models were created for all-cause and cause-
specific mortality. Covariates were imputed using fully condi-
tional specification using the Markov chain Monte Carlo
method (n ¼ 5 imputations).

Two prespecified interactions were tested in model 2: Age
� Exposure (e.g., age� age at last child) and Number of chil-
dren� Exposure (e.g., number of children� age at last child).
If the interaction term was significant, the analyses were
stratified to show potential differential effects.

As a sensitivity analysis, a complete case analysis was per-
formed to assess whether the imputation process influenced the
findings. Furthermore, in a second sensitivity analysis, the
population was restricted to women who never used hormonal
contraceptives, to assess the magnitude of the effect of family
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planning behavior through fertility control (23). In addition, in
a third sensitivity analysis, we restricted the population to
healthy individuals by means of excluding all women with
prevalent chronic disease at baseline or women who died
within the first 3 years after baseline (these women may
have underlying unknown chronic diseases).
RESULTS
Descriptive Statistics

An overview of the study characteristics can be found in
Table 1. Women had a median age of 69.1 years (interquartile
range, 62.2–76.6) and most women were of Northern Euro-
pean descent (98.4%). The median number of children women
gave birth to was two (interquartile range, 1–3) and the mean
age at first and last birth were 26.4 years (SD 4.5) and
32.1 years (SD 5.5), respectively.

During the study period, 2,754 women died of any cause
and the median follow-up time was 16.6 years (interquartile
range, 9.0–21.0). Until January 1, 2013, 780 women died of
cardiovascular disease, 547 women of malignant cancers,
and 1,024 of other causes (Supplemental Table 1, available on-
line). All variables from which the fertile lifespan characteris-
tics were derived were significantly correlated with each
other, except for age at menarche, which was only correlated
with age at last birth (Supplemental Table 2, available online).
Maternal Characteristics

The Cox regression results for the association between fertile
lifespan characteristics and all-cause mortality can be found
in Table 2. Compared with the reference group of women
who had 2 or 3 children, a 12% higher hazard of dying was
found for women having 1 child in model 1 (hazard ratio
[HR], 1.12; 95% confidence interval [95%CI] 1.01–1.24), which
became statistically nonsignificant in model 2 (HR, 1.08; 95%
CI 0.96–1.21). A 1-year increase in age at first birth was asso-
ciated with a 1% lower hazard of dying in models 1 and 2 (HR,
0.99; 95% CI 0.98–1.00). When compared to the reference
group of women giving birth between 25 and 34 years, older
women (e.g., R35 years) had a 25% lower hazard of dying
in model 2 (HR, 0.75; 95% CI 0.61–0.93). For age at last birth,
a 1-year increase was associated with a 1% lower hazard of
dying in model 1 (HR, 0.99; 95% CI 0.98–1.00). A 1-year longer
maternal and postmaternal fertile lifespan was significantly
associated with a 1% higher hazard of dying in model 1 (HR,
1.01; 95% CI 1.00–1.02), but lost significance in model 2.

Some differences were observed when comparing the as-
sociation of fertile lifespan characteristics with cause-specific
mortality to the association with all-cause mortality
(Supplemental Tables 3–5, available online). For number of
children, having no children compared with having 2–3 chil-
dren was associated with a 26% higher hazard for cardiovas-
cular mortality (HR, 1.26; 95% CI 1.02–1.56). Late age at first
birth (R25 years) resulted in a 16% higher hazard for cancer
mortality (HR, 1.16; 95% CI 0.94–1.46), whereas this was
associated with a 15% lower hazard for other mortality
(HR, 0.85; 95% CI 0.73–0.99). Late age at last birth
(R35 years) resulted in a 17% lower hazard for cardiovascular
VOL. 107 NO. 2 / FEBRUARY 2017



TABLE 1

Characteristics of the study population (n [ 4,076).

Characteristic Value

Age (y), median (IQR) 69.1 (62.2–76.6)
Time since menopause (y), mean (SD) 21.2 (10.7)
Waist-to-hip ratio, mean (SD) 87.1 (8.9)
BMI (kg/m2), mean (SD) 26.7 (4.0)
Education, n (%)

Primary 1,230 (30.2)
Lower/intermediate or lower vocational 1,873 (45.9)
Intermediate vocational or higher general 812 (19.9)
Higher vocational or university 161 (4.0)

Marital status, living with partner, n (%) 2,087 (51.2)
Equivalent household income (/1000,-),

median (IQR)
1.8 (1.2–2.5)

Ethnicity (white), n (%) 4,011 (98.4)
Menopause type (natural), n (%) 3,827 (93.9)
OC (yes), n (%) 1,172 (28.7)
Female hormone use (yes), n (%) 544 (13.3)
Prevalent chronic disease (yes), n (%) 629 (15.4)

Coronary heart disease 176 (4.4)
Heart failure 137 (3.4)
Stroke 89 (2.2)
Diabetes mellitus 206 (5.1)
Cancer 28 (2.3)
COPD 104 (2.6)

Smoking (current), n (%) 752 (18.4)
Alcohol intake (glasses/d), median (IQR) 0.1 (0–0.7)
Physical activity (ideal levels), n (%)a 3,655 (89.7)
Fertile lifespan characteristics

Children (n), median (IQR) 2 (1–3)
Children, n (%)

0 845 (20.7)
1 665 (16.3)
2 1,141 (28.0)
3 743 (18.2)
4 383 (9.4)
R5 299 (7.3)

Age (y) at first birth, mean (SD) 26.4 (4.5)
Age (y) at first birth, n (%)

%19 166 (5.1)
20–24 1,166 (36.1)
25–34 1,745 (54.0)
R35 154 (4.8)

Age (y) at last birth, mean (SD) 32.1 (5.5)
Age (y) at last birth, n (%)

%24 335 (10.4)
25–34 1,880 (58.2)
35–39 743 (23.0)
R40 273 (8.4)

Maternal lifespan (y), median (IQR) 5.0 (2.0–9.0)
Postmaternal fertile lifespan (y), mean (SD) 16.8 (7.0)
Fertile lifespan (y), mean (SD) 35.2 (5.3)
Lifetime number of menstrual cycles,

mean (SD)
331.4 (106.4)

Unopposed cumulative endogenous
E exposure (y), median (IQR)

16.1 (12.8–18.6)

Note: BMI ¼ body mass index; COPD ¼ chronic obstructive pulmonary disorder;
E ¼ estrogen; IQR ¼ interquartile range; OC ¼ oral contraceptive.
a R150/R75 min/wk of moderate and/or vigorous activity.

Jaspers. Fertility characteristics and mortality. Fertil Steril 2016.
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mortality (HR, 0.83; 95% CI 0.68–1.00), whereas no effect was
found for the other causes of death.
Proxies for E Exposure

A 1-year longer fertile lifespan was associated with a 2%
higher hazard for all-cause mortality in models 1and 2 (HR,
VOL. 107 NO. 2 / FEBRUARY 2017
1.02; 95% CI 1.00–1.05). The observed effects were similar
for unopposed cumulative endogenous E exposure. No asso-
ciations were found between lifetime number of menstrual
cycles and all-cause mortality (Table 2).

Fertile lifespan and unopposed cumulative endogenous E
exposure were associated with a 5% and 4% higher hazard for
cardiovascular mortality (HR, 1.05; 95% CI 1.00–1.10 and HR,
1.04; 95% CI 1.00–1.09, respectively), but not with cancer and
other mortality (Supplemental Tables 3–5). More lifetime
number of menstrual cycles was significantly associated
with other mortality, although the effect size reflected unity
(HR, 1.00; 95% CI 1.00–1.00) (Supplemental Table 5).
Linearity and Interaction Terms

In Figure 1 the shape of the effects for each fertile lifespan
characteristic and all-cause mortality are shown. There was
evidence against linearity only for number of children (P
values for each imputed set ranged from .0073–.0192), for
which the association was J-shaped.

The interaction terms with baseline age were not signifi-
cant (NS) for any of the fertile lifespan characteristics,
whereas the interaction terms with number of children were
significant for age at last birth (P¼ .03), postmaternal fertile
lifespan (P¼ .03), and cumulative E exposure (P¼ .04).
When stratifying the analysis for 0, 1, 2, or 3, and R4 chil-
dren, we found that the associations were merely evident
for the group of women bearing one child for age at last birth
(HR, 0.97; 95% CI 0.95–0.99; P¼ .003), for postmaternal
fertile lifespan (HR, 1.03; 95% CI 1.01–1.05; P¼ .003), and
for endogenous E exposure (HR, 1.08; 95% CI 1.03–1.13;
P¼ .002), whereas no significant associations were found
for the other three groups (Table 3).

Supplemental Table 6, available online, details the
multiple imputation process. In three sets of sensitivity ana-
lyses—the complete case analyses, the analyses restricted to
the nondiseased population, and the analyses excluding
women ever using oral contraceptives (OC)—the direction,
size, and significance of the associations remained the same
(data not shown). Finally, because of the 4,878 women
enrolled in the RS at baseline, 4,076 postmenopausal women
were included in the present study, we compared the charac-
teristics of the included participants to the total population of
women at baseline. Compared with the total female popula-
tion of the RS, women included in this study were 0.8 years
younger and had 0.6% less prevalent chronic disease,
but did not differ for other baseline characteristics
(Supplemental Table 7, available online).

DISCUSSION
Given the demographic changes in reproductive choices and
their relevance for mortality and longevity, we characterized
the relation between established and previously unexplored
characteristics of the fertile life with mortality, and therein
expanded the scope from all-cause to cause-specific mortal-
ity. Overall, we found that late first and last reproduction
were protective for all-cause mortality, whereas a longer
maternal lifespan, postmaternal fertile lifespan, and E expo-
sure were harmful for all-cause mortality. For late last
451



TABLE 2

Association between fertile lifespan characteristics and all-cause mortality.

Variable No. Events

Model 1

P Value

Model 2

P ValueHR (95% CI] HR (95% CI]

Children (continuous), n 4,076 2,754 1.00 (0.98–1.02) .83 1.00 (0.97–1.02) .76
Children (categorical), n

0 845 602 1.06 (0.96–1.17) .24 1.10 (0.98–1.23) .10
1 665 470 1.12 (1.01–1.24) .04 1.08 (0.96–1.21) .20
2 or 3 1,884 1,194 Reference Reference
R4 682 488 1.06 (0.95–1.17) .32 1.07 (0.95–1.19) .28

Age (y) at first birth (continuous) 3,231 2,152 0.99 (0.98–1.00) .003 0.99 (0.98–1.00) .01
Age (y) at first birth (categorical)

%19 166 114 1.19 (0.98–1.44) .08 1.09 (0.89–1.35) .41
20–24 1,166 740 1.01 (0.92–1.10) .89 0.99 (0.89–1.09) .78
25–34 1,745 1,188 Reference Reference
R35 154 110 0.79 (0.65–0.96) .02 0.75 (0.61–0.93) .01

Age (y) at last birth (continuous) 3,231 2,152 0.99 (0.98–1.00) .04 0.99 (0.98–1.00) .14
Age (y) at last birth (categorical)

%24 335 233 1.15 (1.00–1.32) .06 1.17 (1.00–1.36) .05
25–34 1,880 1,150 Reference
35–39 743 554 0.99 (0.90–1.10) .90 0.99 (0.89–1.11) .87
R40 273 215 0.97 (0.84–1.13) .69 1.01 (0.85–1.19) .95

Maternal lifespan, y 2,566 1,668 1.01 (1.00–1.02) .05 1.01 (1.00–1.02) .14
Postmaternal fertile lifespan, y 3,231 2,152 1.01 (1.00–1.02) .04 1.01 (1.00–1.02) .14
Fertile lifespan, y 4,076 2,754 1.02 (1.00–1.04) .04 1.02 (1.00–1.05) .04
Lifetime number of menstrual cycles 1,755 928 1.00 (1.00–1.00) .15 1.00 (1.00–1.00) .27
Unopposed cumulative endogenous

E exposure, y
1,736 913 1.01 (0.99–1.03) .24 1.02 (1.00–1.04) .06

Note:Model 1 was adjusted for age and time since menopause. Model 2 was additionally adjusted for education level, marital status, household income, oral contraceptive (OC) use, smoking, alcohol
intake, physical activity, menopause type, female hormone use, prevalent chronic disease, waist-to-hip ratio, and body mass index (BMI). CI ¼ confidence interval; E ¼ estrogen; HR ¼ hazard ratio.

Jaspers. Fertility characteristics and mortality. Fertil Steril 2016.
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reproduction, postmaternal fertile lifespan, and E exposure,
these findings were merely evident in one-child mothers. In
addition, the findings differed with regard to direction, size,
and significance when stratifying for cardiovascular disease,
cancer, and other mortality. From a clinical perspective, the
magnitude of the associations ranged from 1%–5% lower or
higher risk of dying per year increase of each fertile lifespan
characteristic.
Strengths and Weaknesses

Strengths of this study included the consideration of the full
spectrum of established as well as previously unexplored
characteristics of the fertile lifespan, and access to the precise
adjudicated causes of death information, which allowed us to
study cause-specific mortality. Furthermore, the contempo-
rary character of the cohort, in contrary to historic cohorts,
provides a valuable insight into the role of fertility in
longevity against a background of increasing reproductive
choices and improved standards of care and therefore is appli-
cable to the present time. In addition, the adjustment for many
confounders, the graphic representation of the effects using
p-splines and the stratified analysis for number of children,
adds new information to the existing body of evidence in
this field of work.

Several limitations merit careful consideration. Although
we had information on marital status, no information was
available on age at marriage and number of marriages.
Furthermore, for the included women we had no information
452
on fetal losses, abortions, and stillbirths. Assumptions were
made for assembling the lifetime cumulative number of men-
strual cycles and unopposed cumulative E exposure. Because
fertile lifespan characteristics were assessed when women
already reached menopause, retrospective recall could have
occurred. However, because information on fertile lifespan
characteristics were collected before the outcome (mortality)
occurred, we reasonably do not expect this recall to have
impacted our findings. Also, the RS comprises of men and
women of R55 years. Hence, immortal time bias could
have occurred given that women could have died during their
reproductive life, for instance of maternal complications, and
would therefore not be included in the studied population
(24). However, even if it occurred, this would have led to an
underestimation of the true effects in our study. Last, fertility
characteristics may be of different importance for disease
subtypes, such as breast, colorectal, and lung cancer. Our
study was underpowered to stratify analyses for different dis-
ease and cancer subtypes.
Comparison with Other Studies and Possible
Explanations

When comparing our findings to other studies, it is important
to consider that the RS is a contemporary cohort and therefore
conclusions with regard to natural fertility are limited. In
contrast to historic cohorts from the 18th and 19th century
where fertility followed precontraceptive patterns, in the cur-
rent cohort there could have been a larger impact of
VOL. 107 NO. 2 / FEBRUARY 2017



FIGURE 1

The shape of the log hazard ratio of each fertile lifespan characteristic using p-splines. The solid line represents the estimated log hazard ratio of
each fertile lifespan characteristic; the dashed lines represent the 95% confidence intervals. cumu.estrogen.years ¼ unopposed cumulative
endogenous estrogen (E) exposure in years.
Jaspers. Fertility characteristics and mortality. Fertil Steril 2016.

Fertility and Sterility®
reproductive choices. Among the included women, the youn-
gest women were 27 years old at the time of the introduction
of the first OC in the Netherlands in 1962, and only 30% of
women indicated ever using OCs (24, 25). The mean age at
first birth in our study was 26 years, meaning that the
influence of contraceptive use was probably less pronounced
for age at first birth, compared with the consecutive births
thereafter. This may be supported by the large postmaternal
fertile lifespan found in this study (17 years), indicating
women stopped reproducing long before the onset of
menopause. Where age of last birth may be influenced by
family planning, economic circumstances, and socially
acceptable propagation habits, age of menopause is less
subject to these external factors (6). The interval between the
two (e.g., postmaternal fertile lifespan) could provide insight
in the potential influence of these external factors within our
study population. The age at last birth was on average
32 years, whereas last reproduction was nearly 10 years later
in historic cohorts (26). In sensitivity analyses we repeated
the analyses excluding women who ever used OCs. The
results did not substantially change with regard to
significance, direction, and size of the effect.
Maternal characteristics. In line with our findings, for num-
ber of children, contemporary cohorts consistently show a
nonlinear effect, with the highest mortality in nulliparous
women and women bearing R4 children (19, 27), whereas
the findings from historic cohorts have shown negative,
neutral, and positive effects (23, 28). For age at first birth, the
empirical results are inconsistent, ranging from a beneficial
VOL. 107 NO. 2 / FEBRUARY 2017
effect of late first birth on longevity to no effect (1, 23). In
our study, we found a linear protective effect of late first
reproduction on mortality, of which the statistical significance
attenuated after adjusting for socioeconomic factors and
lifestyle. The effects of parity and first reproduction on
mortality have been explained before by evolutionary fitness
trade-off theories, balancing reproductive investment and so-
matic maintenance (29, 30). Two of such theories are the
antagonistic pleiotropy theory (e.g., the same gene could be
beneficial in early life, whereas being detrimental in later life)
(31) and the disposable soma theory (e.g., the limited amount
of energy has to be divided between reproductive activities
and maintaining the soma) (32).

Late first parenthood was protective for other mortality.
Whereas early parenthood has been associated with lower so-
cioeconomic status, particularly during childhood, and with
personality characteristics, such as a tendency toward more
risk taking behavior, late parenthood could be characterized
by less stress and better career prospects (33). We would
have expected to find the same protective effect for cardio-
vascular mortality (33), for which the observed hazard was
around unity. We did find a significant protective effect of
late last reproduction with cardiovascular mortality, which
attenuated after adjustment for covariates.

There has been a particular interest in late last reproduc-
tion, as studies from both contemporary and historic cohorts
consistently point toward a protective effect of late last child-
birth on postreproductive survival (1, 23). In our study, we
found this effect, but less pronounced than in other studies.
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This could be explained by the fact that only 10 of the
included women gave birth to their last child at >45 years,
whereas in other studies these numbers were higher (18).
The shape of the effect of age at last birth was linear and
protective for mortality in our study. Although most
studies did not comment on this extensively, one study by
Helle and colleagues (1) did not find any evidence against
linearity for age at last birth, in line with our findings.
There have been several theories about which mechanisms
could underlie the protective effect of late last
reproduction (23). Reproductive performance, including
measures such as late age of menopause and late last
reproduction, could be viewed as a marker for later life
health (21, 23, 34, 35). Studies have shown that that there
is a genetic link between fertility and longevity that
encompasses overlapping pathways and genes for
telomerase activity, apoptosis mediated through p53/p73,
Foxo transcription factors, the expression of APOE, and
the role of the immune system, mitochondrial function,
and oxidative stress in both processes (6). In addition,
reproductive performance and longevity have shown to be
linked by common genetic factors related to DNA repair
and maintenance. Therefore, it could be that the
occurrence of menopause is a consequence of the aging of
the soma that results from the deterioration of these DNA
repair mechanisms.

Other investigators have suggested that extended
fertility and its association with a longer lifespan might be
explained by the ‘‘rejuvenation theory.’’ This theory de-
scribes that late pregnancy, childbirth, and breastfeeding
could be rejuvenating at the physiologic level (36), and
that the presence of young children in the postreproductive
period could extend the lifespan (37).

Early versus late childbearing. Interestingly, we found a
differential effect for age at last birth when stratifying the
analysis for number of children. After stratification, the pro-
tective effect of late last reproduction (>35 years) on the risk
of dying, compared with last childbearing at%34 years, was
merely evident among women with one child only. A similar
interaction was found in a study by Gagnon et al. (38) in a
historic context.

For age at first reproduction, the median age was 37.1,
29.3, and 25.4 years in 1-child, 2- to 3-child, and
R4-child mothers, respectively. The ages at last reproduc-
tion were 37.1, 37.5, and 38.7 years, respectively. Because
for 1-child mothers the age at first and last reproduction is
the same, there is a nearly 8-year difference in first repro-
ductive event between 1-child and >1 child mothers. A
possible explanation of the observed differential effect
may be that 1-child mothers precisely planned when they
wanted to have their first child but due to their age may
have been unable to attain their desired family size with a
second or third child. Some support for this explanation
comes from the recent work performed by Habbema et al.
(4) finding that to have a 90% chance of giving birth to 1
child, a woman should be no older than 35 years, and to
have 2 children, women should start no later than 31 years.
The social factors that caused these women to have their
VOL. 107 NO. 2 / FEBRUARY 2017
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child late may have protected them from dying (24). When
looking into the characteristics of these women, we found
that older mothers were more highly educated and less often
smokers compared with younger mothers.

Proxies for E exposure. The findings for fertile lifespan and
unopposed cumulative E exposure were in the same line,
both indicating that longer E exposure was hazardous for
all-cause mortality, and cardiovascular mortality in partic-
ular, whereas no association was found between E exposure
and cancer mortality. The latter could be explained by the
fact that various subtypes of cancer that were included in
the study, including hormonal and nonhormonal cancers.
Findings from other studies reporting the association between
endogenous E levels and cardiovascular outcomes have been
inconsistent, particularly in the elderly. Estradiol is supposed
to have a protective role in the cardiovascular system (39).
However, in line with our findings, an increasing number of
studies suggest the opposite (40–47).

Several potential mechanisms have been described.
Visceral adiposity, which is associated with inflammation, in-
sulin resistance/diabetes, and atherogenic dyslipidemia is
suggested to increase E2 levels through two pathways.
Adiposity is negatively correlated with sex hormone-
binding globulin, leading to a higher fraction of bioactive
E2. Also, central adiposity increases aromatase activity, and
therefore the conversion of T into E2 (44). Higher levels of
E2 were more strongly associated with atherothrombotic
stroke in older postmenopausal women with greater central
adiposity (43). In our study, adjusting for waist-to-hip ratio
did not materially change the findings, indicating that path-
ways beyond adiposity may exist.

Another suggested explanation for this finding comes
from the works of Naessen and colleagues (46, 47). They
suggest that higher levels of endogenous E do not increase
the risk of atherosclerosis, but that that the rise in
endogenous E is a response to counteract the developing
atherosclerosis (46, 47).
Conclusion and Directions for Future Research

Overall, we found associations between established and pre-
viously unexplored fertile lifespan characteristics andmortal-
ity that differed for causes of death. We found that late first
and last reproduction were protective for all-cause mortality,
whereas a longer maternal lifespan, postmaternal fertile life-
span, and E exposure were harmful for all-cause mortality.
Furthermore, with regard to late last reproduction, differences
were found when comparing women with various number of
children, which could partly be explained by socioeconomic
status and overdue initiation of family planning. To broaden
our understanding of the effect of changing fertility patterns
on mortality in the present time, more research is needed in
contemporary cohorts with larger sample sizes and more
extreme number of children and ages of birth. The findings
in contemporary cohorts may differ due to changes in
women's reproductive choices, including use of hormonal
contraception. The implications for womenwith diverse num-
ber of children for different causes of death should be further
explored, taking into account insights in reproductive
VOL. 107 NO. 2 / FEBRUARY 2017
choices, and an extensive evaluation of the role of socioeco-
nomic status.
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SUPPLEMENTAL FIGURE 1

Included in analyses
n = 4.076

Excluded from analyses
No informed consent, n=187

Missing data in 50% of covariates, n = 123
Missing age of menarche, n=317

Missing age of menopause, n=156
Missing age at first/last birth, n=15
Missing number of children, n=4

Population available for 
analyses
n = 4.878

Flowchart of study participants.
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