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Abstract

Objective—To examine associations of parental ages at childbirth with healthy survival to age 90
years among older women.

Study Design—This study included a racially and ethnically diverse sub-cohort of 8,983
postmenopausal women from the larger Women’s Health Initiative population, recruited during
1993-1998 and followed for up to 25 years through 2018.

Main Outcome Measures—The outcome was categorized as: 1) healthy survival, defined as
survival to age 90 without major morbidities (coronary heart disease, stroke, diabetes, cancer, or
hip fracture) or mobility disability; 2) usual survival, defined as survival to age 90 without healthy
aging (reference category); or 3) death before age 90. Women reported their own and their parents’
birth years, and parental ages at childbirth were calculated and categorized as <25, 25-29, 30-34,
or =35 years.

Results—Women were aged on average 71.3 (standard deviation 2.7; range 65-79) years at
baseline. There was no significant association of maternal age at childbirth with healthy survival to
age 90 or death before age 90. Women born to fathers aged =35 compared with 3034 years at
their births were more likely to achieve healthy than usual survival (OR, 1.15; 95% CI, 1.00-1.32).
There was no association of paternal age at childbirth with death before age 90.

Conclusions—Findings suggest that being born to older fathers was associated with healthy
survival to age 90 among women who had survived to ages 65—79 years at study baseline. There
was no association of maternal age at childbirth with healthy survival to age 90 among these older
women.

Keywords
childbirth; aging; longevity; maternal age; paternal age; women

1. INTRODUCTION

Maternal and paternal ages at childbirth have been rising during the past four decades in the
United States [1-3]. Average maternal age at first childbirth rose from 21.4 years in 1970 to
26.3 years in 2014 [1,2]. Average paternal age at childbirth increased from 27.4 years to 30.9
years during this time [3]. The proportion of births to parents older than 35 years is also
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increasing [1-3]. The desire to further one’s education and start a family after establishing
one’s professional career may influence the decision to have a child at an older age [2].

Studies examining associations of parental ages at childbirth with offspring health outcomes
have yielded inconsistent findings, and few studies have examined aging outcomes [4-16].
Some studies have linked older parental age at childbirth to outcomes including
neurodevelopmental disorders, obesity, mortality, and morbidities including cancer among
offspring in childhood and adulthood [4,9,10-12,14].

There is some evidence that older paternal age at childbirth may confer health benefits
among offspring. For example, older paternal age at childbirth has been associated with
longer telomere length among adult offspring [17,18]. Shortened telomere length is
associated with decreased lifespan and increased risk of cancer, cardiovascular diseases, and
type 2 diabetes among adults [19-22]. However, the hypothesis that older paternal age at
childbirth is associated with healthy survival to an advanced age among offspring has not, to
our knowledge, been yet examined in a large, epidemiologic study with follow-up into late
ages.

We examined associations of parental ages at childbirth with healthy aging, defined as
survival to age 90 without major morbidities or mobility disability, among participants in the
Women’s Health Initiative (WHI), a large, national, prospective study of postmenopausal
women in the United States.

2. METHODS
2.1 Study population and design

Details of the WHI study design and population are described elsewhere [23]. Briefly,
161,808 postmenopausal women aged 50-79 years were recruited from 40 United States
clinical centers from 1993-1998 to participate in one or more of three clinical trials or an
observational study. In 2005, 77% of eligible women agreed to be followed through 2010 in
the first WHI Extension Study. In 2010, 87% of eligible women enrolled for an additional
five years of follow-up in the second Extension Study. Follow-up is how continuing at least
through 2020. All participants provided written informed consent, and institutional review
board approval was received by all participating institutions.

This study was restricted to participants born on or before March 31, 1928 who had
potential, because of their birth years, to survive to age 90 during the follow-up period
ending March 31, 2018. During the second Extension Study, women were asked to report
the year in which their mothers and fathers were born. Women who had complete
information on parental ages at childbirth, survival status, and mobility status if survived to
age 90 were included in the present study. A sub-cohort of 8,983 women with up to 25 years
of follow-up met the inclusion criteria (Supplementary Figure 1).

2.2 Parental ages at childbirth

Parental ages at childbirth were determined by subtracting the self-reported parental birth
years from the participant birth year and categorized as follows: <25, 25-29, 30-34, and =35
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years. Teen births were not examined as a separate category due to low numbers of parental
ages at childbirth <19 years. Older parental age at childbirth was considered =35 years,
because sociodemographic trends indicate that the number of first births in this age group is
increasing among men and women [1-3]. Further, there were fewer women whose mothers
or fathers were aged =40 compared with <40 years at their births. Henceforth, maternal and
paternal ages refer to a woman’s mother’s and father’s ages at her own birth, respectively.

2.3 Covariates

Covariates collected at baseline included age, race/ethnicity, education, income, marital
status, smoking, alcohol consumption, diet quality, body mass index (BMI), total leisure-
time physical activity, depressive symptoms, and self-rated health. Additional information
on these variables is provided in the Supplementary Methods.

2.4 Outcome

Participants were classified as having survived to age 90 or died before this age. Deaths were
verified by physician adjudication using hospital records, autopsy or coroner’s reports, or
death certificates. Periodic linkage to the National Death Index was performed for all
participants, including those lost to follow-up, for verification if medical records or death
certificates were not available.

In prior studies, definitions of healthy aging were based on Rowe and Kahn’s model, which
is characterized by avoidance of major diseases and disabilities [24,25]. In the present study,
healthy aging was defined as survival to =90 years without a history of major morbidities
(coronary heart disease, stroke, cancer, diabetes, or hip fracture) or mobility disability, which
was determined using the physical function subscale of the RAND 36-item health survey
[26]. Women who reported needing crutches, a walker, or a wheelchair to walk on a level
surface or who self-reported on the physical function subscale that their health greatly
limited their ability to walk one block or climb one flight of stairs were characterized as
having mobility disability [24]. The questionnaire that was collected within 2 years of the
90th birth year and with the least missing data for physical function was used. Information
on collection of physician-adjudicated morbidities is provided in the Supplementary
Methods.

The aging outcome variable had three categories, similar to previous studies: healthy
survival (survived to age 90 and met the definition of healthy aging); usual survival
(survived to age 90 but did not meet the definition of healthy aging); and died before age 90
[24,25].

2.5 Statistical analysis

Baseline characteristics were compared by parental ages using chi-square tests for
categorical variables, and analysis of variance and Kruskal-Wallis tests for normally-
distributed and non-normally distributed continuous variables, respectively.

The analytic approach for this study was similar to that from previous studies examining
factors associated with aging outcomes [24,25]. Multinomial logistic regression models
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examined associations of maternal and paternal ages with the aging outcome. The reference
category for maternal age at childbirth was 25-29 years and that for paternal age at
childbirth was 30-34 years, which include the current average maternal (26.3 years) and
paternal (30.9 years) ages at childbirth in the United States, respectively [1,3]. Usual
survival was the reference category for the aging outcome. Multivariable models were
adjusted for potential confounders including age at baseline, study assignment (Clinical Trial
or Observational Study), race/ethnicity, education, income, marital status, smoking, alcohol
consumption, BMI, physical activity, diet quality, depressive symptoms, and self-rated
health. Linear trend associations were evaluated by examining parental ages as continuous
predictors in the models. Results are reported as odds ratios (OR) and 95% confidence
intervals (CI).

In sensitivity analyses, multivariable models for maternal age adjusted for paternal age and
vice versa; an interaction between parental ages was also evaluated. Because there is no
universal definition of healthy aging, examination of an alternative definition for mobility
disability evaluated the robustness of our findings. Women who reported that their health
greatly limited their ability to walk one block or climb one flight of stairs were classified as
having mobility disability; otherwise, they had intact mobility. Finally, models were adjusted
for number of brothers and sisters to determine whether family size confounded any
associations between parental ages and the aging outcome.

P-values were two-tailed and considered significant at < 0.05. Analyses were performed
using SAS Version 9.4 (SAS Institute, Cary, NC).

3. RESULTS

Women’s average age at baseline was 71.3 (standard deviation 2.7; range, 65-79) years.
Among the overall cohort, 33.4% had healthy survival to age 90, 58.9% had usual (i.e., not
healthy) survival to age 90, and 7.7% died before age 90. Overall, 32.1%, 31.8%, 20.3%,
and 15.8% were born to mothers aged <25, 25-29, 30-34, and =35 years at their births,
respectively. Further, 14.2%, 29.9%, 25.3%, and 30.6% were born to fathers aged <25, 25—
29, 30-34, and =35 years at their births, respectively.

Women born to younger mothers were less likely to be white, college graduates, never
married, or normal weight, or have high income or excellent self-rated health (Table 1).
Similar relationships were observed for baseline characteristics according to paternal age
(Table 2).

Among this cohort of women ages 65-79 years at baseline, maternal age was not associated
with healthy survival to age 90 or death before age 90, adjusting for age, race/ethnicity,
study component, education, income, marital status, smoking, alcohol consumption, diet
quality, BMI, depressive symptoms, physical activity, and self-rated health (Table 3).
Maternal age was not linearly associated with healthy survival to age 90 or death before age
90.

Women born to fathers aged =35 compared with 30—34 years had higher odds (OR, 1.15;
95% ClI, 1.00-1.32) of healthy compared with usual survival to age 90 in the multivariable
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model (Table 3). Younger paternal age categories were not associated with healthy survival,
and no linear association was observed. Paternal age was not associated with death before
age 90, and a linear association was not observed among this cohort of older women.

There were no appreciable changes in findings after adjustment for maternal age in models
for paternal age or vice versa; further, there was no interaction between parental ages.
Findings were also similar after adjusting for number of brothers and sisters (data not
shown). Using an alternative definition of mobility disability, findings for maternal age were
similar (data not shown), and being born to a father aged =35 compared with 30-34 years at
childbirth remained associated with higher odds of healthy compared with usual survival
(OR, 1.19; 95% Cl, 1.04,1.36).

4. DISCUSSION

In a large, national study of postmenopausal women ages 65—79 years at study entry, those
who were born to fathers aged =35 compared with 30-34 years at their births had higher
odds of survival to age 90 without major morbidities or mobility disability, independent of
age, race/ethnicity, socioeconomic status (SES), lifestyle behaviors, BMI, family size, and
health-related factors. There was no association between a woman’s mother’s age at her
birth and healthy survival to age 90, and parental ages were not associated with death before
age 90 in this cohort of older women.

Associations of parental ages with childhood and adulthood health outcomes among
offspring have been mixed, and few studies have examined aging outcomes, such as
exceptional longevity or healthy aging [4-16]. A prospective study among >5,000 adults
ages 65 years and older observed no associations of parental ages with mortality or frailty in
old age among sons or daughters [7]. However, that study did not examine survival to an
advanced age (i.e., longevity) or use a composite definition of healthy aging as we did in our
study. Previous studies have observed no differences in paternal age between children of
centenarians and controls [6,13]; however, these studies relied upon use of historical or
registry-based data and did not conduct prospective studies among large cohorts of
participants.

Parental age has been linked to both negative and positive health outcomes among offspring.
In the Health and Retirement study, there were U-shaped associations of maternal age with
mortality, self-rated heath, obesity, and number of chronic diseases, with worse outcomes for
ages <25 and >35 compared with 25-34 years [9]; however, paternal age was not examined.
Other studies have observed associations of older maternal age with offspring childhood
morbidity [11], higher adult BMI [5], and higher adult blood pressure [5], as well as positive
outcomes including reduced abdominal fat and improved insulin sensitivity among children
[8]. Older paternal age has been associated with increased risk of non-Hodgkin’s Lymphoma
among women [12], obesity in adulthood [14], psychiatric morbidities in childhood and
adolescence [4], and mortality [10]. Furthermore, older paternal age has been associated
with increased risk of low birthweight and premature birth in some studies [15], whereas
others have observed no associations of paternal age with adverse birth outcomes [16].
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Unlike other studies, we examined an older, healthier cohort of women ages 65-79 years at
baseline who had already survived many earlier negative outcomes that may be associated
with delayed parental age. It is possible that older paternal age may be associated with
adverse health outcomes earlier in life and also with healthy survival later in life, conditional
upon survival to a benchmark such as 65 years. Further studies following women from ages
younger than 65 years are needed to confirm these observations.

Previous studies have reported associations of older paternal age with longer offspring
telomere length, supporting a potential biological mechanism for our findings [17,18]. For
example, in the Nurses’ Health Study, older paternal, but not maternal, age was associated
with longer offspring telomere length after controlling for confounders including age and
childhood SES among women [17]. Shortened telomere length is associated with reduced
longevity, chronic diseases, and functional limitations, suggesting that telomere length might
be a mediator in the association of paternal age with healthy aging [19-22,27]. However, we
lacked adequate telomere measurements in our study population, and further studies are
needed to evaluate any potential links between paternal age, telomere length, and aging
outcomes.

The association of older paternal age with healthy aging may also be partly explained by
residual confounding due to childhood SES. Education, employment, and wealth improve as
age increases; therefore, children of older fathers tend to have greater access to economic
resources [28]. We did not have information on childhood SES (e.g., father’s occupation),
which is associated with health outcomes in adulthood [29]. However, SES in childhood
predicts SES later in life, such that older adults with higher incomes had parents who were
financially well-off [30]. Because our findings were independent of SES later in life, it is
possible that SES throughout the life course does not fully explain our findings.

Our study has several limitations. Parental age was not collected at the baseline visit but later
during the WHI Extension Study. Therefore, our study population consisted of an older
cohort of women who lived long enough and agreed to participate in the Extension Study
and complete the questionnaire evaluating parental ages. The number of women who
survived to age 90 was thus lower than that who died before age 90. Women who enrolled
for additional follow-up in the WHI were more likely to be white, educated, and healthier at
baseline. We did not include cognitive status in our definition of healthy aging, because
cognitive data were not regularly collected among WHI participants. We also did not have
information on birth order. Strengths include a long follow-up period and examination of a
diverse cohort of women who survived into advanced ages with information on major
chronic diseases and disabilities. There are limited prospective cohorts with information on
parental ages and follow-up into late ages to evaluate healthy aging.

Growing numbers of men and women are choosing to postpone parenthood to later ages.
Accordingly, understanding the implications of later parental age on the aging of future
generations should be a priority for future research. Specifically, it will be important to
determine whether parental age is a surrogate for factors such as SES throughout the life
course that are associated with aging.
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. Associations of parental ages at childbirth with aging outcomes among

. Women with fathers aged 35 years and older at their births had higher odds of

. A woman’s mother’s age at her birth was not associated with healthy aging.

. Older paternal age at childbirth may predict healthy aging among women.

Highlights

offspring are unknown.

healthy aging.
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Table 3.

Associations of parental ages at childbirth with aging outcomes, Women’s Health Initiative

Page 16

Healthy survival to age 90 vs. usual survival to age

902

Death before age 90 vs. usual survival to age 90

No. survived to age 90
with healthy aging/total

(%)

Multivariable-adjusted

OR (95% CI)

No. died before age 90/

total (%)

Multivariable-adjusted

OR (95% Cl)

bc

Maternal age at
childbirth, years

<25
25-29
30-34
235

Paternal age at
childbirth, years

<25
25-29
30-34
235

969/2833 (34.2)
920/2809 (32.8)
600/1795 (33.4)
460/1396 (33.0)

420/1218 (34.5)
863/2558 (33.7)
690/2163 (31.9)
885/2614 (33.9)

1.09 (0.96-1.24)
1.00

1.00 (0.87-1.16)
1.02 (0.87-1.19)

1.15 (0.97-1.37)
1.14 (0.99-1.30)
1.00

1.15 (1.00-1.32)

208/2833 (7.3)
216/2809 (7.7)
151/1795 (8.4)
98/1396 (7.0)

96/1218 (7.9)
186/2558 (7.3)
173/2163 (8.0)
193/2614 (7.4)

0.90 (0.71-1.14)
1.00

1.13 (0.88-1.46)
0.88 (0.66-1.18)

0.94 (0.69-1.29)
0.87 (0.68-1.13)
1.00

0.95 (0.74-1.22)

Cl, confidence interval; OR, odds ratio.

a . ] . h . - . . .
Healthy survival defined as: survival to age 90 without major morbidities (coronary heart disease, stroke, cancer, diabetes, or hip fracture) or

mobility disability.

bMuItivariabIe model adjusted for adjusted for age, race/ethnicity, study component (Observational Study or Clinical Trial), education, income,

marital status, smoking, alcohol consumption, diet quality, body mass index, depressive symptoms, physical activity, and self-rated health.

cP-vaIues for trend (maternal age): 0.26 (healthy survival); 0.67 (death); P-values for trend (paternal age): 0.87 (healthy survival); 0.65 (death).
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