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Abstract

Objective: Few studies have examined whether number of births is associated with women’s aging. This study aims to evaluate
the association of number of births with women’s biological aging, premature mortality and life expectancy. Methods: A total
of 272,494 participants from UK biobank who completed the questionnaire on number of live births were enrolled at baseline.
The number of births was categorized into 6 groups, and participants with one live birth was the reference group. General
linear regression model and cox proportional hazards model were performed to evaluate the association of number of births
with women’s biological aging and premature mortality. Restricted cubic spline (RCS) was used to visualize dose-response
relationship. Moreover, the latest Office for National Statistics life tables rom was used to calculate the life expectancy.
Results: During a median follow-up of 11.9 years, a total of 10,992 cases of all-cause premature death were documented.
After adjustment for potential confounders, compared to women had one birth, childless women had greater premature death
(hazard ratio, HR=1.17, 95%CI: 1.09-1.25), whereas women with two or three children had lower risk of premature death
(HR=0.87, 95%CI:0.82-0.93, HR=0.90, 95%CI: 0.82-0.99), which showed a U-shaped relationship visualized by RCS (P<0.05
for non-linearity). Further, at age 40, childless women had 1.41 years lower life expectancy, and women with two children was
related to 1.10 years higher life expectancy. Moreover, compared to women had one birth, the women with two or three children
had lower corrected estimated values of FI, AKDM-biological age and HD, and the women with five or more children had higher
corrected estimated values of FI, AKDM-biological age, and HD (all the P<0.05). Conclusions: The association of number
of live births with women’s biological aging, premature mortality and life expectancy had a U-shape relation. The childless or
five more child women were more likely to be aging with increased risk of premature death and decreased life expectancy years.

The double-child women decreased aging process with lower risk of premature death and high life expectancy.

Introduction

Aging-related diseases and premature death pose significant threats to health!™¥. Given the global impact

of these issues, it is crucial to comprehend the influence of modifiable risk factors. Women childbirth is a
fundamental aspect of human behavior, playing a vital role in maintaining women’s health. Current studies
on childbirth and women’s health predominantly focus on the health effects of the number of births, leading
to two contrasting viewpoints. Some studies propose that childbirth may reduce the risk of breast cancer,
uterine cancer and ovarian cancer by decreasing exposure to progesterone and estrogen(®9 which is believed
to counteract negative physiological changes that accumulate with an increasing number of births, potentially
delaying the aging process!”). Conversely, other studies argue that childbirth consumes a significant portion
of resources through reproduction, diverting resources away from the maintenance and repair of somatic
tissues, consequently accelerating the aging process. Therefore, it remains largely uncertain whether and
how the number of childbirths influences women’s health.

Further, results from observational studies regarding the potential link between number of births and women’s



risk of mortality are inconsistent!®>'2l. Some studies found that there is a negative association between

number of birth and women’s risk of mortality, whereas other studies showed that such association is U-
shapel’®'4 There are even studies suggesting a non-significant association!!?l. Despite the relatively large
sample sizes in some studies, they often failed to account for potential confounding factors such as economic,
behavioral, and dietary variables[!31416] At the sociological level, raising children can avoid unhealthy
behaviors by improving their lifestyle and often involves more social participation!!™!8l, but it may also
increase women'’s stress, related depression risks, and significant economic costs!?9-23 Therefore, there is a
need for a comprehensive study with a sufficiently large sample size that considers a wide range of confounding
variables.

To fill this knowledge gap, this study utilize data from the UK Biobank (UKB) to assess the association
between the number of live births and women’s aging, premature all-cause mortality, and life expectancy.
Meanwhile, extensive confounding including socioeconomic factors, lifestyle factors and biological factors
were adjusted for accurate evaluation. This study may add insights into relationships between childbirth
and women’s aging, premature all-cause mortality, and life expectancy for the first time, for clinical and
public health reference, being useful for future production interventions.

Materials and methods
Study population

A brief overview of the UK Biobank study design is provided below, as the study design and methods have
been reported elsewhere in detail previously?4. In short, the data used in this study came from the baseline
survey at 22 assessment centers throughout England, Wales, and Scotland from 2006 to 2010, a total of
502411 participants (5.5% response rate) aged between 37 and 73 years. Data from 273325 women were
available for our study, we excluded 478 participants with incomplete data on the number of live births and
352 participants who prefer not to answer. Among them, we considered only the subjects above 40 years
of age at recruitment, as there are few deaths at younger ages[*® (Supplementary Figure 1). As a result,
a total of 272494 women (99.7%) were included in this study. All participants provided written informed
consent, and the study was approved by the North West Multi-Centre Research Ethics Committee and the
Tulane University (New Orleans, LA, USA) Biomedical Committee Institutional Review Board.

Exposure assessment

Female specific factors in the touch-screen questionnaire included reproductive history and menstrual history,
such as the number of live births, use of oral contraceptive pills, history of stillbirth, spontaneous miscarriage
or termination, and menarche, age at menopause (last menstrual period), length of menstrual cycle. The
number of live births is a useful indicator of reproductive history. To determine the number of live births,
participants were asked ‘How many children have you given birth to? (Please include live births only)’
through a touch-screen questionnaire at baseline (2006-2010). Due to small numbers at the highest parities,
we pooled women with five or more births. In accordance with previous studies!*326:27] participants were
divided into six groups based on the number of live births: 0, 1, 2, 3, 4, [?]5 7. Our exposure was number of
live births, as we wanted to account for number of complete reproductive cycles, including a full pregnancy, a
potential breastfeeding period and behavioral changes related to child rearing. Thus, stillbirths, spontaneous
miscarriages or terminations were not included in the exposure, and were adjusted in analyses.

Ascertainment of premature mortality, life expectancy, and biological aging

Death information and date of death were confirmed by reference to the death certificates held by the
National Health Service Information Centre for participants in England and Wales and the National Health
Service Central Register Scotland for participants from Scotland. The participants were defined as premature
mortality if their deaths occurred at ages younger than 75[28]. We calculated the follow up person-years at
risk of observation from the date of consenting to join assessment center until the date of loss to follow-up,
the date of death, or March 1, 2021, whichever came first. Causes of death were determined by using the
International Classification of Diseases Tenth Revision (ICD-10) codes, and its detailed information was



described in the Supplementary material.

We used the latest Office for National Statistics life tables rom age 40 to age 100 years to calculate the
life expectancy of participants with the distinct number of live births?%3%. The detailed methods used for
estimating the difference in the life expectancy was described in the Supplementary material.

Biological aging was measured from different perspectives, including frailty index (FI), AKDM-biological age
and Homeostatic disorder (HD). The FI, Abiological age and HD were previously constructed and validated
in the UK Biobank[®!l. For each person, FI is calculated as the proportion of health attributes that a
person has in a deficit state. FI scores range from 0 (indicating no health deficits) to 1 (indicating every
health deficit that was assessed). ABiological age represented the value of biological age minus chronological
age, representing premature aging®?l. HD represents the degree of variability in individual physiological
functions and health parameters, and the HD values are positively correlated with biological aging. Detailed
calculations of FI, AKDM-biological age and HD are provided in Supplementary material.

Covariates

We also controlled a series of confounders, including age (years), race (White, Mixed, Asian or Asian British,
Black or Black British, Chinese or Other ethnic group), education (age at completing continuous full time
education), Townsend Deprivation index (a composite measure of deprivation based on unemployment,
non-car ownership, non-home ownership, and household overcrowding), smoking statues (never, past and
current), drinking (daily or almost daily, three or four times a week, once or twice a week, one to three times
a month, special occasions only or never), moderrate activity (Metabolic Equivalent Task (MET) minutes
per week for moderate activity), the body mass index (BMI), histories of diseases (diabetes, hypertension,
asthma, emphysema and chronic bronchitis), female specific factors (use of oral contraceptive pills, history
of stillbirth, spontaneous miscarriage or termination, menarche, age at menopause and length of menstrual
cycle) in all models. Details of the assessment of covariates are described in Supplementary material.

Statistical analysis

The baseline characteristics in terms of demographics, lifestyle, health conditions and female specific factors
were presented as mean (standard deviation, SD) and numbers (percentage). General linear models and a
chi-square test was used to compare the differences for baseline characteristics by each parity. Also, we used
general linear model to calculate the estimated values of FI, AKDM-biological age and HD corrected for
multiple covariates for each pairty. A Cox proportional hazards model was performed to calculate hazard
ratios (HRs) and 95% confidence intervals (Cls) for all-cause premature mortality using the “1 production”
group as a reference, with the follow-up time as the time scale. The dose-response relationship was fexibly
modeled by the restricted cubic spline (RCS) to explore the potential nonlinear correlation between parity
and the hazard of all-cause premature mortality.

We performed stratified analyses by following factors: Born year (j1980 or [?]1980), race/ethnicity (White,
Mixed, Asian or Asian British, Black or Black British, Chinese or Other ethnic group), Townsend depri-
vation index (jmedian or [?Jmedian), BMI (j25, 25-29.9, or [?]30 kg/m? ), smoking (never, ever, current),
Alcohol intake frequency (jonce/mouth,[?Jonce/mouth), hypertension (no or yes), diabetes (no or yes), hy-
pertension (no or yes), asthma (no or yes), emphysema and chronic bronchitis (no or yes). To evaluate
interactions between the number of live births and these factors, multiplicative interaction was assessed by
adding interaction terms to the Cox models.

Three sensitivity analyses were performed. The first analysis excluded the participants whoes follow-up
duration was less than 1 or 2 years, to check if the severe illness would affect the results. The second
analysis evaluated the participants with additional adjusting for covariates dietary factors (including fresh
fruit intake, dried fruit intake, oily fish intake, salt added to food, cereal intake, processed meat intake,mineral
and other dietary supplements), to examinte whether dietary factorshad had effect on the relationship. The
third analysis further adjusted covariate biochemical indicators (including albumin, triglyceride, glucose,
LDL, cholesterol, total bilirubin) for participants, to remove the impact of certain biochemical indicators



unrelated to production on outcomes.

All statistical analyses were conducted by R 4.2.2, and p-values < 0.05 were considered statistically signifi-
cant.

Result
Basic characteristics of participants according to the number of live births

Basic characteristics of participants according to the number of live births are shown in Table 1. Compared
with participants with one live births, both participants with zero and five or more children were more
likely to be non-white with higher levels of Townsend deprivation index, and a higher percentage of asthma
but a lower percentage of use of oral contraceptive pills. Meanwhile, childless participants were more likely
to have a higher levels of education, and lower levels of BMI and moderrate activity time, and a lower
percentage of current smoking rate but a higher percentage drinking rate; as well as a lower prevalence of
diabetes, hypertension, emphysema and chronic bronchitis, and history of stillbirth, spontaneous miscarriage
or termination. Reversely, participants with five or more children were more likely to have a lower level
of education, and higher levels of BMI and moderrate activity time, and a higher percentage of current
smoking rate but a lower percentage drinking rate, as well as higher prevalences of diabetes, hypertension,
asthma, emphysema and chronic bronchitis, and history of stillbirth, spontaneous miscarriage or termination,
comparied with correspondings in women without child. The age at menarche, age at menopause (last
menstrual period), and the length of menstrual cycle are relatively average in each group, which are nearly
13 years old, 50 years old, and 27 days, respectively.

Association between the number of live births and hazard of all-cause premature mortality

Table 2 shows the results of the multivariate Cox proportional hazard regression models between the num-
ber of live births and hazard of all-cause premature mortality. After adjustment for age, race, education,
Townsend deprivation index, BMI, smoking statues, moderate drinking, moderrate activity, we found that
the nulliparous women (HR(=1.17, 95% CI: 1.10-1.25) had higher risk of premature all-cause death, and the
women with two, three and four childern had lower risk of premature all-cause death (HR2=0.86, 95% CTI:
0.82-0.92, HR5=0.87, 95% CI: 0.82-0.93, HR4=0.91, 95% CI: 0.83-0.99), compared with the reference group.
These results did not change appreciably after further adjustment for diabetes, hypertension, asthma, em-
physema and chronic bronchitis, or female specific factors (use of oral contraceptive pills, history of stillbirth,
spontaneous miscarriage or termination, age at menarche, age at menopause, and length of menstrual). The
HR (95%CI) of all-cause premature mortality across groups were 1.17(1.09-1.25), 1.00(reference), 0.87(0.82-
0.93), 0.88(0.82-0.94), 0.90(0.82-0.99) and 0.94(0.83-1.08), respectively (P-trendj0.001). The hazard of all-
cause premature mortality was higher among childless women, comparied with those who had only one child,
and women with two, three, or four children have lower all-cause premature mortality, and this is true across
models 3 to 5.

The potential nonlinear association between all-cause premature mortality and the number of live births
was intuitively described using restricted cubic spline (RCS) based on model5. As shown in Supplementary
Figure 1, there was a non-linear relationship between the number of live births and all-cause premature
mortality (P for non-linear<0.001), which proves the above conclusion. The nadir for all-cause premature
death risk was estimated from RCS to be at two live births, which was significantly lower than one live birth.
Also, the all-cause premature mortality of mothers with three or four children was lower than mothers who
had one child. Moreover, women without child was signifcant increases in risk were observed for premature
all-cause death than women with one child. Although the data for the women with five or more children
was not significant, there is a clear upward trend in the RCS curve. More specifcally, we prefer to describe
this nonlinear relationship with approximates U-shape where women with none, one, or four children have
higher all-cause premature mortality than those with two or three children.

Sensitivity analyses did not affect the assessment of the relationship between parity and all-cause premature
mortality risk (Supplementary Table 1). Similar results were observed after excluding participants with less



than 1 and 2 years of follow-up, respectively. To avoid the possible influence of biochemical indicators on the
results, we repeated our analyses by adjusting the covariate biochemical indicators additionally. The results
were barely changed. The results of furthur adjusting for covariates dietary factors showed the conclusion
remains alomost the same.

Association between the number of live births and hazard of all-cause premature mortality
stratied by potential risk factors

We also conducted stratified analyses according to the potential risk factors including age (born year), race,
BMI, Townsend deprivation index, smoking status, moderate drinking, diabetes, hypertension, asthma,
emphysema and chronic bronchitis in Supplementary Table 2. The association of parity with hazard of all-
cause premature mortality appeared was not significant in Other ethnic group participants (P-trend = 0.447),
where the protective effect of mothers with double children on all-cause premature death had disappeared
(HR2=1.02, 95% CT: 0.31-3.31). We also found the harmful effects of the nulliparous women on all-cause
premature death had become not significant in obese participants (BMI[?] 30 kg/m?) (HRo=1.12, 95% CI:
0.99-1.27). Notably, the observed significant association of the number of live births with hazard of all-
cause premature mortality appeared to be abolished in current-smokers (P-trend = 0.003) and overdrinker
(P-trend = 0.114). Meanwhile, the chronic diseases such as diabetes, asthma, emphysema and chronic
bronchitis also had an impact on the relationship between parity and all-cause premature mortality. We did
not find significant interactions between other potential confounders and the number of live births on hazard
of all-cause premature mortality.

Association between the number of live births and hazard of cause-specific premature mortality

The results of the multivariate Cox proportional hazard regression models between the number of live births
and hazard of cause-specific premature mortality are presented in Supplementary table 3. We documented
1552 incident cases of premature mortality of cardiovascular disease (CVD) and 6878 incident cases of cancer-
specific premature mortality during follow-up. After adjustment for multiple covariates, compared with the
reference group, we found that the women with two, three and four childern had lower risk of CVD-specific
premature mortality (HR2=0.69, 95% CI: 0.60-0.80, HR3=0.71, 95% CI: 0.60-0.84, HR4=0.78, 95% CI:
0.62-0.99); the female who gave two or three births had lower risk of premature mortality of coronary heart
disease (CHD) (HR=0.71, 95% CI: 0.55-0.91, HR3=0.68, 95% CI: 0.51-0.91) and the female with three
childern had lower risk of stroke-specific premature mortality (HR3=0.66, 95% CI: 0.48-0.91). Compared to
the reference group, the childless women had higher risk of cancer-specific premature mortality (HRy=1.16,
95% CI: 1.07-1.27); the women with four childern had lower risk of premature mortality of breast cancer
(HR4=0.55, 95% CIL: 0.39-0.79); the female without childbirth history had higher risk of premature mortality
of ovarian cancer (HRo=1.37, 95% CI: 1.02-1.83), and the female who gave three births had lower risk of
premature mortality of ovarian cancer (HR3=0.71, 95% CI: 0.52-0.98); and the women with five or more
children had higher risk of premature mortality of cervical cancer (HR5=8.01, 95% CI: 1.08-59.60).

Association between the number of live births and estimated life expectancy

We estimated the lower or higher survival time (years) due to the different parities, as shown in Figure 1. At
age 40, childless women had an average 1.41 (95% CI: 0.78-2.01) lower years of life expectancy, and women
with two, three, or four had an average 1.10 (95% CI: 0.63-1.74), 1.00 (95% CI: 0.54-1.74), and 1.00 (95%
CI: 0.05-1.84) higher years of life expectancy, respectively, as compared with women who had one child. The
corresponding lower years of life expectancy at the age of 60 years were 1.20 (95% CI: 0.66-1.71) years in
unproduced women, and the corresponding higher years of life expectancy at the age of 60 years were 0.97
(95% CT: 0.56-1.52), 0.88 (95% CI: 0.48-1.52), and 0.79 (95% CI: 0.05-1.61) years in women who gave two,
three, or four births, respectively.

Association between the number of live births and aging

The estimated values of FI, AKDM-biological age and HD for each pairty after multiple covariates corrections
calculated using a general linear model are presented in a box plot in Figure 2, which shows the results of the



relationship between the number of live births and biological aging. As shown in Figure 2 and Supplementary
table 4, the estimated FI, AKDM-biological age and HD box charts for two or three live births are located at
the lowest position, while the corresponding box charts for five or more live births are located at the highest
position; and the corresponding box charts for zero, one, and four live births is located between these above.
In other word, the estimated values of FI, AKDM-bioage and HD adjusted for multiple covariates of mothers
with two or three children were lower, and the correspondings of mothers with five or more children were
higher, comparied with females who had one children (all P ¢ trenaj0.001).

Discussion

In this prospective study of 272494 participants from UK Biobank, we found that compared with those who
had only one child, childless women had the higher all-cause premature mortality and the lower years of
life expectancy, whereas those with two, three, or four children had the lower all-cause premature mortality
and the higher years of life expectancy. And these associations were independent of biological factors,
lifestyle, socioeconomic level, and pre-existing diseases. Similarly, this study found that the relationship
between parity and all-cause premature mortality was also observed in sensitivity analyses, demonstrating
the robustness of the results. Moreover, comparied with women who had one child, the estimated values of
FI, AKDM-biological age and HD adjusted for multiple covariates in women with two or three children were
lower, and the correspondings in females with five or more chilldren were higher.

Our study found that the childless women had the higher all-cause mortality, and women who had two,
three, or four children had the lower all-cause mortality, compared to women with one child, which are
similar with the results reported in a Sweden population'3]. Differently, the relationship between five or
more live births and all-cause premature mortality was significant in the Sweden population. Although the
correspondings relationship in our study was not significant, there is also a clear upward trend in the RCS
curve, which may be attributed to the more covariates we have corrected. The finding in subgroup analyses
suggested that association between the number of live births and hazard of all-cause premature mortality
appeared to be different among different races, which may be attributed to the genetic reasons of race being
a potential factor affecting this relationship. In addition, obesity, current-smoking, and excessive alcohol
consumption mask the relationship between parity and all-cause premature mortality, possibly due to the
fact that obesity®334 smoking!®!, and alcohol consumption/®®! themselves can cause a series of physiological
changes, damage health, and even lead to premature death. For example, the obese persons are more likely
to experience metabolic changes during pregnancy than their normal weight counterparts3”3%l. And in
obese individuals, lipids, oxidized LDL particles, and free fatty acids activate the inflammatory process and
trigger the atherosclerosis and CVDPB%49): and obesity leads to changes in the structure and function of
the heart!*!], leading to heart failurel*?!, atrial fibrillation!*3*4 and sudden cardiac death!*®!. Similarly,the
chronic diseases also had an impact on the relationship between parity and all-cause premature mortality.

In addition, our study provides novel evidence to show the relationship between parity and mortality. Our
results on the cause-specific premature mortality indicate that the hazard of all-cause premature mortality
associated with more number of live births could be partly attributed to CVD-specific and cancer-specific
premature mortality. Such observations are consistent with previous evidence linking parity with various
conditions including cardiovascular diseasel*! and cancer®”. For the subtypes of CVD-specific premature
mortality, we found that higher number of live births was significantly associated with lower hazard of CHD-
specific and stroke-specific premature mortality, compared with women with one child. These observations
were supported by the results from the parity and stroke study, and the parity and coronary heart diseases
study, in which parity may confer a moderate long-term protective effect on the risk of subarachnoid hemor-
rhage (SAH)*349 and CHDY. Future investigations are warranted to explore the association of the number
of live births with various cardiovascular disease subtypes. In addition, evidence from experimental and epi-
demiological studies has shown that parity was related to breast cancer[®'-?3 ovarian cancer!®®>4 cervical
cancer®®!. We found that nulliparous women had the highest hazard of all-cause premature mortality, which
be partly attributed to the continuous stimulation of ovarian hormones to the body of nulliparous women
may increases the cancer-specific premature mortality, especially breast cancer and ovarian cancer®fl and



further increases the all-cause premature mortality of nulliparous women.

For the first time, we reported that childless women was associated with the lower life expectancy at the
age of 40 years by 1.41 (95% CI: 0.78-2.01) years for women, and women with two, or three or four children
had an average 1.10 (95% CI: 0.63-1.74), 1.00 (95% CI: 0.54-1.74), 1.00 (95% CI: 0.05-1.84) higher years
of life expectancy, respectively, compared with participants who had one child. Meanwhile, we found that
accelerated biological aging and functional decline were potential influencing factors, as the estimated values
of FI, AKDM-biological age and HD adjusted for multiple covariates have significant changes. Our research
is similar with the changes in HD caused by parity in previous articles, giving rise to the U-shape for the
overall relationship between parity and biological aging!®®!. Moreover, we also found that women who gave
two or three births were the least likely to age, while women with five or more children are the most likely to
age, which can be attributed the fact that reproduction can consume a large part of resources, reducing the
efforts invested in the maintenance and repairment of somatic tissues, and then leading to aging and death in
women!®™6% | In addition, studies have shown that the social and psychological pressure caused by women’s
by high parity may be another potential factor accelerating biological aging and functional declinel®].

The present findings may have several public health implications. First, the evidence is complementary
to those on the association between the number of live births and all-cause mortality and fills the gap in
the relationship between parity and all-cause premature mortality, life expectancy, and aging. Second, the
evidence may inform the recommendations on behavioral changes regarding reproduce. The parity is easily
assessed in clinical and public settings, and may be useful for future reproduce interventions.

Although our study have some advantages including the large sample size, the extensive covariate correction,
and the consistent results in several sensitivity and subgroup analyses, several potential limitations should
be carefully considered in this study. Firstly, we could not exclude the possibility that high number of
live births is a marker for a lower socioeconomic level. However, subgroup analyses indicated that the
positive association between the number of live births and hazard of mortality was consistent across the
subgroups of socioeconomic level. Secondly, in this study we obtained maternal live births by questioning
“How many children have you given birth to? (Please include live births only) ” Because this question did
not include the number of stillbirths, spontaneous miscarriages or termination that women may have had
previously, we could not obtain specific date associated with these situations. As described earlier, if the
number of births affects long-term health conditions, the number of stillbirths, spontaneous miscarriages or
termination will also be an important source of information. We need a further study including these basic
facts in order to investigate the effects of number of stillbirths, spontaneous miscarriages or termination on
long-term health. Thirdly, although we controlled for many socioeconomic factors and lifestyle factors, we
lacked explicit information on marital status, on age at first birth , and on attitudes and values that may be
associated with both fertility and health. These unmet covariates may affect the relationship between parity
and all-cause premature death. Fourthly, an important limitation of this study is that the UK Biobank is not
representative of the general population due to the voluntary participation/?*). Further studies are needed
to conirm our findings, especially in populations that are more representative of the UK population.

In conclusion, our study indicates that the relationships between the number of live births and hazard of
all-cause premature mortality, life expectancy, and aging. obesity, current-smoking, and excessive alcohol
consumption may affect the association between the parity and all-cause premature mortality. Further
clinical trials are warranted to validate these findings.

Abbreviations

HR: Hazard ratio; CI: Confidence interval; SD: Standard deviation; BMI: Body mass index; FI: frailty index;
HD: Homeostatic disorder; CVD: Cardiovascular disease; CHD: coronary heart disease; MET: Metabolic
Equivalent Task; RCS: restricted cubic spline; ICD: International classification of disease.

Acknowledgments

This research has been conducted using the UK Biobank Resource (applicationID:103547). We thank the



participants in the UK Biological Sample Library and UKB’s research team for their generous contributions
to creating an important research resource.

Funding
This work was supported by National Natural Science Foundation of China [62102121 to D.Z.].
Author contributions

D.Z. had full access to all of the data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis. D.Z., H.G., and W.W. conceived and designed the experiment. H.G.
performed the analysis with assistance and guidance from Y.L., R.Y. contributed to data quality control of
UKB data. H.G., D.Z., and W.W. wrote the manuscript with the participation of all authors.

Competing interests
The authors declare that they have no competing interests.
References

1. Finkel T, Serrano M, Blasco MA. The common biology of cancer and ageing. Nature. 2007 Aug
16;448(7155):767-74. doi: 10.1038/nature05985. PMID: 17700693.

2. Samani NJ, van der Harst P. Biological ageing and cardiovascular disease. Heart. 2008 May;94(5):537-
9. doi: 10.1136/hrt.2007.136010. PMID: 18411343.

3. Wyss-Coray T. Ageing, neurodegeneration and brain rejuvenation. Nature. 2016 Nov
10;539(7628):180-186. doi: 10.1038 /nature20411. PMID: 27830812; PMCID: PMC5172605.

4. Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The ever-increasing importance of cancer
as a leading cause of premature death worldwide. Cancer. 2021 Aug 15;127(16):3029-3030. doi:
10.1002/cncr.33587. Epub 2021 Jun 4. PMID: 34086348.

5. Russo J, Mailo D, Hu YF, Balogh G, Sheriff F, Russo IH. Breast differentiation and its implication in
cancer prevention. Clin Cancer Res. 2005 Jan 15;11(2 Pt 2):931s-6s. PMID: 15701889.

6. Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer. FEpidemiol Rev.
1993;15(1):36-47. doi: 10.1093/oxfordjournals.epirev.a036115. PMID: 8405211.

7. Maughan B, Lindelow M. Secular change in psychosocial risks: the case of teenage motherhood. Psy-
chological medicine. 1997 Sep; 27(5):1129-44. [PubMed: 9300517]

8. Kojima G, Ogawa K, Iliffe S, Taniguchi Y, Walters K. Number of Pregnancies and Trajectory of Frailty
Index: English Longitudinal Study of Ageing. J Am Med Dir Assoc. 2020 Sep;21(9):1249-1253.el. doi:
10.1016/j.jamda.2020.04.010. Epub 2020 Jun 7. PMID: 32522494.

9. Roos E, Burstrom B, Saastamoinen P, Lahelma E. A comparative study of the patterning of women’s
health by family status and employment status in Finland and Sweden. Social science & medicine.
2005 Jun; 60(11):2443-51. [PubMed: 15814170]

10. Lockhart PA, Martin P, Johnson MA, Shirtcliff E, Poon LW. The Relationship of Fertility, Lifestyle,
and Longevity Among Women. J Gerontol A Biol Sci Med Sci. 2017 Jun 1;72(6):754-759. doi:
10.1093/gerona/glw158. PMID: 27519884.

11. Hurt LS, Ronsmans C, Thomas SL. The effect of number of births on women’s mortality: system-
atic review of the evidence for women who have completed their childbearing. Popul Stud (Camb)
2006;60:55-71.

12. Kendig H, Dykstra P, van Gaalen RI. Health of parents and childless individuals. J Fam Issues (in
press).

13. Barclay K, Keenan K, Grundy E, Kolk M, Myrskyla M. Reproductive history and post-reproductive
mortality: A sibling comparison analysis using Swedish register data. Soc Sci Med. 2016 Apr;155:82-92.
doi: 10.1016/j.socscimed.2016.02.043. Epub 2016 Mar 2. PMID: 26994961

14. Grundy E, Tomassini C. Fertility history and health in later life: a record linkage study in England
and Wales. Social science & medicine. 2005 Jul; 61(1):217-28. [PubMed: 15847974]



15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

Jacobs MB, Kritz-Silverstein D, Wingard DL, Barrett-Connor E. The association of reproductive histo-

ry with all-cause and cardiovascular mortality in older women: the Rancho Bernardo Study. Fertil Ste-

ril. 2012 Jan;97(1):118-24. doi: 10.1016/j.fertnstert.2011.10.028. Epub 2011 Nov 28. PMID: 22130321;

PMCID: PMC3245788.

Grundy E, Kravdal O. Reproductive history and mortality in late middle age among Norwegian men

and women. American journal of epidemiology. 2008 Feb 1; 167(3):271-9. [PubMed: 18000019]

Kravdal @. Relationship between childbearing and cancer incidence due to biology or lifestyle? Ex-

amples of the importance of using data on men. Int J Epidemiol 1996;24: 477-84.

Knoester C, Eggebeen DJ. The effects of the transition to parenthood and subsequent children on

men’s well-being and social participation. J Fam Issues 2006;27:1532-60.

Lund E, Arnesen E, Borgan JK. Pattern of childbearing and mortality in married women—a national

prospective study from Norway. Journal of epidemiology and community health. 1990 Sep; 44(3): 237—

40. [PubMed: 2273363]

Serbin LA, Karp J. The intergenerational transfer of psychosocial risk: mediators of vulnerability and

resilience. Annual review of psychology. 2004; 55:333—63.

Mastekaasa A. Parenthood, gender and sickness absence. Soc Sci Med 2000;50:1827—42.

D’Elio M, Ness R, Matthews K, et al. Are life stress and social support related to parity in women?

Behav Med 1997;23: 87-94.

Evenson RJ, Simon RW. Clarifying the relationship between parenthood and depression. J Health Soc

Behav 2005;46: 341-58.

Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey P, Elliott P, Green J, Landray M,

Liu B, Matthews P, Ong G, Pell J, Silman A, Young A, Sprosen T, Peakman T, Collins R. UK biobank:

an open access resource for identifying the causes of a wide range of complex diseases of middle and old

age. PLoS Med. 2015 Mar 31;12(3):e1001779. doi: 10.1371/journal.pmed.1001779. PMID: 25826379;

PMCID: PMC4380465.

Kravdal @, Tverdal A, Grundy E. The association between parity, CVD mortality and CVD risk

factors among Norwegian women and men. Eur J Public Health. 2020 Dec 11;30(6):1133-1139. doi:

10.1093/eurpub/ckz235. PMID: 31942974.

Bai Y, Wang X, Yang Y, Tang Y, Wang J, Han P. Parity and bladder cancer risk: a dose-response

meta-analysis. BMC Cancer. 2017 Jan 6;17(1):31. doi: 10.1186/s12885-016-3023-5. PMID: 28061845;

PMCID: PMC5219774.

Halland F, Morken NH, DeRoo LA, Klungsgyr K, Wilcox AJ, Skjeerven R. Association of Wo-

men’s Reproductive History With Long-term Mortality and Effect of Socioeconomic Factors. Obstet

Gynecol. 2015 Dec;126(6):1181-1187. doi: 10.1097/A0G.0000000000001155. PMID: 26551179; PMCID:

PMC5706764.

Lewer D, Jayatunga W, Aldridge RW, Edge C, Marmot M, Story A, Hayward A. Premature mortality

attributable to socioeconomic inequality in England between 2003 and 2018: an observational study.

Lancet Public Health. 2020 Jan;5(1):e33-e41. doi: 10.1016/S2468-2667(19)30219-1. Epub 2019 Dec 5.

Erratum in: Lancet Public Health. 2020 Jan;5(1):e18. PMID: 31813773; PMCID: PMC7098478.

Li Y, Schoufour J, Wang DD, Dhana K, Pan A, Liu X, Song M, Liu G, Shin HJ, Sun Q, Al-Shaar L,

Wang M, Rimm EB, Hertzmark E, Stampfer MJ, Willett WC, Franco OH, Hu FB. Healthy lifestyle

and life expectancy free of cancer, cardiovascular disease, and type 2 diabetes: prospective cohort study.

BMJ. 2020 Jan 8;368:16669. doi: 10.1136,/bmj.16669. PMID: 31915124; PMCID: PMC7190036.

Li Y, Pan A, Wang DD, Liu X, Dhana K, Franco OH, Kaptoge S, Di Angelantonio E, Stampfer M,

Willett WC, Hu FB. Impact of Healthy Lifestyle Factors on Life Expectancies in the US Population.

Circulation. 2018 Jul 24;138(4):345-355. doi: 10.1161/CIRCULATIONAHA.117.032047. Erratum in:

Circulation. 2018 Jul 24;138(4):e75. PMID: 29712712; PMCID: PMC6207481.

. Williams DM, Jylhévi J, Pedersen NL, et al. A frailty index for UK Biobank participants. J Gerontol
A Biol Sci Med Sci 2019;74:582-7.

. Liu Z, Kuo P-L, Horvath S, et al. A new aging measure captures morbidity and

mortality risk across diverse subpopulations from NHANES IV: a cohort study. PLoS



Med 2018;15:e1002718.

1.

10.

11.

12.

13.

14.

15.

16.

17.

Csige I, Ujvarosy D, Szabé Z, Lorincz 1, Paragh G, Harangi M, Somodi S. The Impact of Obesity on
the Cardiovascular System. J Diabetes Res. 2018 Nov 4;2018:3407306. doi: 10.1155/2018/3407306.
PMID: 30525052; PMCID: PMC6247580.

. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH. Obesity and cardiovascular

disease: pathophysiology, evaluation, and effect of weight loss. Arterioscler Thromb Vasc Biol. 2006
May;26(5):968-76. doi: 10.1161/01.ATV.0000216787.85457.£3. PMID: 16627822.

Mackenbach JP, Damhuis RA, Been JV. De gezondheidseffecten van roken [The effects of smoking on
health: growth of knowledge reveals even grimmer picture]. Ned Tijdschr Geneeskd. 2017;160:D869.
Dutch. PMID: 28098043.

Meza V, Arnold J, Diaz LA, Ayala Valverde M, Idalsoaga F, Ayares G, Devuni D, Arab JP. Alcohol
Consumption: Medical Implications, the Liver and Beyond. Alcohol Alcohol. 2022 May 10;57(3):283-
291. doi: 10.1093/alcalc/agac013. PMID: 35333295.

Nelson SM, Matthews P, Poston L. Maternal metabolism and obesity: modifiable determinants of
pregnancy outcome. Hum Reprod Update 2010;16:255-75.

Gunderson EP, Abrams B, Selvin S. Does the pattern of postpartum weight change differ according to
pregravid body size? Int J Obes Relat Metab Disord 2001;25:853—62.

McGill HC Jr, McMahan CA, Herderick EE, Zieske AW, Malcom GT, Tracy RE, Strong JP; Patho-
biological Determinants of Atherosclerosis in Youth (PDAY) Research Group. Obesity accelerates the
progression of coronary atherosclerosis in young men. Circulation. 2002 Jun 11;105(23):2712-8. doi:
10.1161/01.¢ir.0000018121.67607.ce. PMID: 12057983.

Manson JE, Colditz GA, Stampfer MJ, Willett WC, Rosner B, Monson RR, Speizer FE, Hennekens
CH. A prospective study of obesity and risk of coronary heart disease in women. N Engl J Med. 1990
Mar 29;322(13):882-9. doi: 10.1056/NEJM199003293221303. PMID: 2314422.

Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and obesity as determinants
of cardiovascular risk: the Framingham experience. Arch Intern Med. 2002 Sep 9;162(16):1867-72. doi:
10.1001 /archinte.162.16.1867. PMID: 12196085.

Alpert MA, Omran J, Bostick BP. Effects of Obesity on Cardiovascular Hemodynamics, Cardiac Mor-
phology, and Ventricular Function. Curr Obes Rep. 2016 Dec;5(4):424-434. doi: 10.1007/s13679-016-
0235-6. PMID: 27744513.

de Simone G, Palmieri V, Bella JN, Celentano A, Hong Y, Oberman A, Kitzman DW, Hopkins PN,
Arnett DK, Devereux RB. Association of left ventricular hypertrophy with metabolic risk factors:
the HyperGEN study. J Hypertens. 2002 Feb;20(2):323-31. doi: 10.1097/00004872-200202000-00024.
PMID: 11821719.

Tedrow UB, Conen D, Ridker PM, Cook NR, Koplan BA, Manson JE, Buring JE, Albert CM. The long-
and short-term impact of elevated body mass index on the risk of new atrial fibrillation the WHS (wo-
men’s health study). J Am Coll Cardiol. 2010 May 25;55(21):2319-27. doi: 10.1016/j.jacc.2010.02.029.
PMID: 20488302; PMCID: PMC2880879.

Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara T, Somers VK. Obstructive sleep
apnea, obesity, and the risk of incident atrial fibrillation. J Am Coll Cardiol. 2007 Feb 6;49(5):565-71.
doi: 10.1016/j.jacc.2006.08.060. Epub 2007 Jan 22. PMID: 17276180.

Chen SX, Rasmussen KM, Finkelstein J, Stgvring H, Nghr EA, Kirkegaard H. Maternal reproductive
history and premenopausal risk of hypertension and cardiovascular disease: a Danish cohort study.
BMJ Open. 2019 Nov 4;9(11):e030702. doi: 10.1136/bmjopen-2019-030702. PMID: 31690605; PMCID:
PMC6858240.

Merritt MA, Riboli E;, Murphy N, et al. Reproductive factors and risk of mortality in the European
prospective investigation into cancer and nutrition; a cohort study. BMC Med 2015;13:252.

Gaist D., Pedersen L., Cnattingius S. & Sgrensen H. T. Parity and Risk of Subarachnoid Hemorrhage in
Women A Nested Case-Control Study Based on National Swedish Registries. Stroke 35, 28-32 (2004).
[PubMed] [Google Scholar]

Yang C.-Y., Chang C.-C., Kuo H.-W. & Chiu H.-F. Parity and risk of death from subarachnoid hemor-

10



rhage in women: evidence from a cohort in Taiwan. Neurology 67, 514-515 (2006). [PubMed] [Google
Scholar]

18. Steenland K, Lally C, Thun M. Parity and coronary heart disease among women in the American Can-
cer Society CPS II population. Epidemiology. 1996 Nov;7(6):641-3. doi: 10.1097/00001648-199611000-
00014. PMID: 8899393.

19. Msolly A, Gharbi O, Ben Ahmed S. Impact of menstrual and reproductive factors on breast cancer
risk in Tunisia: a case-control study. Med Oncol. 2013 Mar;30(1):480. doi: 10.1007/s12032-013-0480-4.
Epub 2013 Feb 2. PMID: 23377925.

20. Yavari P, Mosavizadeh M, Sadrol-Hefazi B, Mehrabi Y. Reproductive characteristics and the risk of
breast cancer—a case-control study in Iran. Asian Pac J Cancer Prev. 2005 Jul-Sep;6(3):370-5. PMID:
16236002.

21. Milne RL, Osorio A, Ramén y Cajal T, Baiget M, Lasa A, Diaz-Rubio E, de la Hoya M, Caldés T,
Teulé A, Lazaro C, Blanco I, Balmana J, Sanchez-Ollé G, Vega A, Blanco A, Chirivella I, Esteban
Cardenosa E, Durdan M, Velasco E, Martinez de Duenas E, Tejada MI, Miramar MD, Calvo MT,
Guillén-Ponce C, Salazar R, San Roméan C, Urioste M, Benitez J. Parity and the risk of breast and
ovarian cancer in BRCA1 and BRCA2 mutation carriers. Breast Cancer Res Treat. 2010 Jan;119(1):221-
32. doi: 10.1007/s10549-009-0394-1. Epub 2009 Apr 16. PMID: 19370414.

22. Koushik A, Grundy A, Abrahamowicz M, Arseneau J, Gilbert L, Gotlieb WH, Lacaille J, Mes-Masson
AM, Parent ME, Provencher DM, Richardson L, Siemiatycki J. Hormonal and reproductive factors
and the risk of ovarian cancer. Cancer Causes Control. 2017 May;28(5):393-403. doi: 10.1007/s10552-
016-0848-9. Epub 2017 Jan 19. PMID: 28102526.

23. Tekalegn Y, Sahiledengle B, Woldeyohannes D, Atlaw D, Degno S, Desta F, Bekele K, Aseffa T, Geza-
hegn H, Kene C. High parity is associated with increased risk of cervical cancer: Systematic review and
meta-analysis of case-control studies. Womens Health (Lond). 2022 Jan-Dec;18:17455065221075904.
doi: 10.1177/17455065221075904. PMID: 35114865; PMCID: PMC8819811.

24. Shirazi TN, Hastings WJ, Rosinger AY, Ryan CP. Parity predicts biological age acceleration in post-
menopausal, but not pre-menopausal, women. Sci Rep. 2020 Nov 25;10(1):20522. doi: 10.1038/s41598-
020-77082-2. PMID: 33239686; PMCID: PMC7689483.

25. Kirkwood TB, Rose MR. Evolution of senescence: late survival sacrificed for reproduction. Philos Trans
R Soc Lond B Biol Sci. 1991 Apr 29;332(1262):15-24. doi: 10.1098/rstb.1991.0028. PMID: 1677205.

26. Winkvist A, Rasmussen KM, Habicht JP. A new definition of maternal depletion syndrome. Am J Pu-
blic Health. 1992 May;82(5):691-4. doi: 10.2105/ajph.82.5.691. PMID: 1566948; PMCID: PMC1694126.

27. Winikoff B. The effects of birth spacing on child and maternal health. Stud Fam Plann. 1983
Oct;14(10):231-45. PMID: 6648993.

28. Westendorp RG, Kirkwood TB. Human longevity at the cost of reproductive success. Nature. 1998
Dec 24-31;396(6713):743-6. doi: 10.1038/25519. PMID: 9874369.

29. Epel ES, Blackburn EH, Lin J, Dhabhar FS, Adler NE, Morrow JD, Cawthon RM. Accelerated telomere
shortening in response to life stress. Proc Natl Acad Sci U S A. 2004 Dec 7;101(49):17312-5. doi:
10.1073/pnas.0407162101. Epub 2004 Dec 1. PMID: 15574496; PMCID: PMC534658.

Figure legend

Figure 1: The estimates of cumulative survival time from 40 years of age onward among women with distinct
number of live births.

Figure 2: Frailty index, X DM —biologicalage, H Dadjustedf ormultiplecovariates. Adjustedcovariatesincludedage, race, educ
Supplementary Figure 1: Flow chart of study population.

Supplementary Figure 2: RCS analysis of the relationship between the number of live births and prema-
ture all-cause mortality. The model was adjusted for age, race, education, Townsend deprivation index,
BMI, smoking statues, drink, moderrate activity, diabetes, hypertension, asthma, emphysema and chronic
bronchitis, use of oral contraceptive pills, history of stillbirth, spontaneous miscarriage or termination, and
menarche, age at menopause (last menstrual period), length of menstrual cycle at baseline.
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Figure 1: The estimates of cumulative survival time from 40 years of age onward
= among women with distinct number of live births.
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Figure 2 : Frailty index, /\KDM-biological age, HD adjusted for multiple covariates. The model was adjusted for age, race,
education, Townsend deprivation index, BMI, smoking statues, drink, moderrate activity, diabetes, hypertension, asthma, em-
physema and chronic bronchitis, use of oral contraceptive pills, history of stillbirth, miscarriage or inati

and age at (last period), length of menstrual cycle at baseline.
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