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Abstract
Background  

Advanced paternal age has been associated with a variety of adverse reproductive outcomes. However,
the effects of paternal age on offspring lifespan are still controversial.  

Result

Here, we studied the correlation between parental reproductive age and offspring lifespan using a
Chinese speci�c genealogy data. We chose a “Ding” genealogy data across 130 years during the Qing
Dynasty (1726-1855). The present study showed that fathers aged more than 35 years were more likely to
have male offspring with lower lifetime compared with fathers aged 20-35 years. The signi�cant negative
correlation between paternal age and male offspring lifespan existed after adjusted for maternal age. We
proposed a new evidence that advanced paternal age is a risk for male offspring survival.

Introduction
The average age of childbearing is increasing due to education, employment and marriage problems over
the last decade. And the progress of assisted reproductive techniques increased the chance of older
parents to conceive children, however, offspring with older parents are more likely to suffer healthy
problems (Sharma et al., 2015).

Advanced maternal age has long been recognized as a risk factor for children's health. The quality of the
intra-uterine environment may decline and the risk of neural tube defects and aneuploid (particularly
Down syndrome) increases with maternal age (Pariente et al., 2019). Therefore, women over 35 years
have a higher risk of spontaneous abortion and perinatal complications(Mehari et al., 2020, Pinheiro et
al., 2019).

Increasing paternal age has also been shown to be associated with adverse reproductive outcomes on
their offspring. Fathers aged more than 45 increased the risk of spontaneous abortion, premature birth
and low birth weight after meticulous adjustment for maternal age (Nybo Andersen & Urhoj, 2017,
Khandwala et al., 2018). Urhoj et al showed a signi�cant increased risk of stillbirth when offspring of
fathers aged 40 years or more in an analysis covering nearly 1 million Denmark pregnancies(Urhoj et al.,
2017). Advanced parental age to one’s birth has also been identi�ed with higher risks of numerous
disorders, such as malignant cancer(Lu et al., 2010, Johnson et al., 2009), neuropsychiatric
diseases(Khachadourian et al., 2021, Janecka et al., 2017), cardiovascular diseases(Savage et al., 2014,
Eriksen et al., 2013) and other diseases compared with younger fathers.

However, the effects of paternal age on offspring lifespan are still controversial. Arslan showed
minuscule paternal age effects on offspring survival(Arslan et al., 2017). Carslake et al found that adult
survival improved in the offspring of older parents. Individuals have children at older ages tend to provide
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their children a wealthier life, which may compensate for their physiological disadvantages (Carslake et
al., 2019). Although older father’s children would be less likely to survive based on evolutionary genetic
theory, the lifelong consequences of parental age for the offspring are harder to evaluate due to the
interference of confounding factors, such as medical level and socioeconomic status.

In this study, it is �rst known to analyze the relationship between paternal age and offspring lifespan with
a Chinese characteristic genealogy data. The “Ding” database recorded male offspring information
between 1726–1855. All the family members lived in the same region and had a similar lifestyle,
socioeconomic status, education level and blood relationship. Especially the impact of health service on
life expectancy was less than that in modern society, because medical care was generally backward in
ancient times. The results suggested that advanced paternal age at birth may be a health risk for
offspring life expectance.

Methods
Database

we searched genealogy data in the National Digital Library of China, and selected a relatively complete
Ding family tree data living in Hefei City, Anhui Province during the Qing Dynasty (1726–1855). The
paternal reproductive age, maternal reproductive age and offspring lifespan according to their
documented birth time and death time are calculated.

Data analysis

SPSS20.0 and GraphPad Prism 8.4 (GraphPad Software, Inc) were used to carry out statistical analysis.
The relationship between paternal reproductive age and offspring lifespan was analyzed by LSD-t test of
one-way ANOVA, simple linear correlation analysis and linear regression analysis. P < 0.05 was
considered statistically signi�cant.

Results
Basic information of “Ding” genealogy data.

The selected family tree involved four generations with 1,236 people in 130 years. Table 1 shows basic
information on genealogy, including average and range of values for paternal reproductive age, maternal
reproductive age and offspring life of data in this study. The paternal reproductive age range was 16–63
years, the maternal reproductive age range of 13–55 years and the offspring lifespan range of 2–95
years. The collected data at different age ranges and the mean of their offspring are shown in Table 2.
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Table 1
Basic information of Ding genealogy data

  Min Max Mean ± SD N

Offspring birth year 1726 1855 1780 ± 25.85 1236

Paternal reproductive age 16 63 33.48 ± 8.69

Maternal reproductive age 13 55 28.22 ± 7.07

Offspring lifespan 2 95 53.91 ± 17.66

In order to exclude the in�uence of maternal reproductive age, we divided samples into different
subgroups according to maternal reproductive age, as shown in Table 2.

 
Table 2

Offspring lifespan with paternal and maternal reproductive age
Maternal reproductive age Paternal

reproductive age

N Offspring lifespan

< 19 < 20 9 52.56 ± 16.11

20–35 72 57.11 ± 15.33

> 35 3 55.33 ± 19.42

19–35 < 20 25 49.88 ± 21.35

20–35 646 54.74 ± 17.55

> 35 295 52.88 ± 16.95

> 35 20–35 6 55.17 ± 18.92

> 35 180 51.91 ± 19.39

Total 1236 53.91 ± 17.

Correlation analysis between parental reproductive age and male offspring lifespan.

To explore whether there was a relationship between the parental reproductive age and the length of male
offspring lifespan, then correlation was further carried out. The results showed that there was a
signi�cantly negative correlation between the paternal reproductive age and male offspring lifespan
(correlation coe�cient R=-0.08, P < 0.01), while there was no correlation between the lifespan of children
and the maternal reproductive age (correlation coe�cient R=-0.04, P = 0.22, Table 3).
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Table 3
The correlation analysis between parental reproductive age

and male offspring lifespan.

  R P N

Paternal reproductive age -0.08 < 0.01** 1236

Maternal reproductive age -0.04 0.22

**P < 0.01, a signi�cant correlation at 0.01 level (bilateral).

After samples were divided into different subgroups according to maternal reproductive age, the negative
correlations between paternal reproductive age and male offspring lifespan still existed when mothers
were at a moderate reproductive age (19–35 years). The linear regression was described by
Y=-0.1723*X+59.68, as shown in Fig.1.

Advanced paternal age is a risk for male offspring lifespan.

Further difference analysis was conducted on 19–35 subgroups of maternal reproductive age. The mean
lifespan of offspring in younger fathers (less than 20) was smallest. Then offspring lifetimes had a
signi�cant downward trend with the increase of paternal reproductive age. Compared with groups 20–24
of paternal reproductive age, offspring lifespans in groups 35–39, 40–44 and ≥ 45 signi�cantly
decreased (Table 4 and Fig. 2).

 
Table 4

Effects of paternal age on offspring lifetimes in subgroup
(maternal age 19–35 years)

Paternal reproductive age N Mean ± SD P

< 20 25 49.88 ± 21.35 0.06

20–24 139 56.86 ± 16.29  

25–29 212 54.99 ± 17.17 0.32

30–34 256 54.22 ± 18.57 0.15

35–39 179 52.91 ± 16.53 0.04*

40–44 105 52.32 ± 16.32 0.04*

≥ 45 50 51.14 ± 19.41 0.04*

Total 966 54.05 ± 17.49  

*P < 0.05, compared with 20–24 group.

Discussion
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In our study, we �nd support for negative paternal age effects on offspring survival with “Ding” genealogy
data. Having child early (less than 20) may be harmful, but no signi�cant conclusions could be drawn
possibly due to lack of enough samples. Paternal age effects are massively affected by maternal age, so
we observed the negative correlation between paternal age and offspring lifespan in mother age
subgroup (19–35 years). Generally, the lifespan of offspring decreased gradually with the increase of the
paternal reproductive age, but no relationship was observed between the lifespan and the maternal
reproductive age. Additionally, we found a negative correlation between the lifespan of children and their
paternal reproductive age.

Although no obvious effects of paternal age on offspring survival were observed in the past study, there
were strong evidence in animal studies that paternal age is a high risk for offspring longevity(García-
Palomares et al., 2009). Xie et al found the lifespan of hybrid mice born to 120 week-old fathers was
shorter than that of offspring born to young fathers due to epigenetic changes in sperm(Xie et al., 2018).
And similar results have been obtained in zebra �nch, that is, offspring from older parents have reduced
lifespans(Noguera et al., 2018).

Accumulated chromosomal aberrations and mutations with age in male germ cells are thought to be
responsible for the increased risk of certain conditions with older fathers. After a person over 34 years old,
the total sperm count is the �rst to decrease. Then total sperm concentration, percentage of sperm with
normal morphology, semen volume, vitality of spermatozoa declined with increasing paternal
age(Sharma et al., 2015, Brahem et al., 2011). Meanwhile, increased paternal age also affects epigenetics
changes, DNA mutations, chromosomal aneuploidies and telomere length. The offspring mice of older
fathers exhibited brain DNA methylation in regions associated with transcriptional regulation(Milekic et
al., 2015). Jenkins et al identi�ed 139 regions that are signi�cantly hypomethylated with age in human
sperm samples(Jenkins et al., 2014). Children of older fathers are probably more vulnerable to germline
de novo point mutations (Kong et al., 2012). Moreover, aging-associated erosion of telomere length in old
fathers could transferred to offspring, thus contributing to their premature aging phenotypes(Xie et al.,
2018).

In modern society, increasing income and socioeconomic factors such as educational level and
occupation with age are associated with many physical outcomes. Therefore, we chose the data from an
ancient family tree to exclude the in�uence of modern medical technology and economic ability. The
ancient family population had similar living environment, eating habits and blood relationship, which
could reduce the in�uence of various confounding factors. Our study also has obvious defects, such as
only male offspring data, limited information and lack of broad consideration of potential confounders.

The in�uence of the father is often overlooked because it is believed that the mother plays a dominant
role in the reproductive process. The American College of Medical Genetics has de�ned advanced
paternal age as 40 years or older at the time of conception(Toriello & Meck, 2008). In our study, we �nd
paternal reproductive age older than 35 years was a risk for offspring survival using Chinese
characteristic genealogy data. The serious consequences caused by advanced paternal age should
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arouse the attention of the whole society. Possible interventions might include health promotion advising
people about the risk of delaying childbearing and encouraging couples to have children earlier rather
than later.
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Figures

Figure 1
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Paternal reproductive age dynamics with male offspring lifespan after strati�ed by maternal reproductive
age.

Figure 2

Effects of paternal age on offspring lifetimes in subgroup (maternal age 19-35 years) *P<0.05, compared
with 20-24years.


