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reproductive ageing may be counterbalanced by secular

increases in longevity
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As parental ages at birth continue to rise, concerns about the effects of fertility postponement on offspring are

increasing. Due to reproductive ageing, advanced parental ages have been associated with negative health

outcomes for offspring, including decreased longevity. The literature, however, has neglected to examine

the potential benefits of being born at a later date. Secular declines in mortality mean that later birth

cohorts are living longer. We analyse mortality over ages 30–74 among 1.9 million Swedish men and

women born 1938–60, and use a sibling comparison design that accounts for all time-invariant factors

shared by the siblings. When incorporating cohort improvements in mortality, we find that those born to

older mothers do not suffer any significant mortality disadvantage, and that those born to older fathers

have lower mortality. These findings are likely to be explained by secular declines in mortality

counterbalancing the negative effects of reproductive ageing.
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Introduction

In recent decades, the postponement of parenthood
has been one of the most prominent demographic
trends across high-income countries (United
Nations 2014). As Figure 1(a) shows, there has
been a remarkable increase in the mean age at child-
bearing across the world’s most advanced economies
since the 1970s. In 2014, the mean maternal age at
childbearing was above 30 in Austria, Finland,
France, Germany, Italy, Japan, the Netherlands,
Norway, Spain, Switzerland, Sweden, and the UK,
with the United States not far behind (Human Ferti-
lity Database 2016). The trends are similar for
paternal age. Another of the most remarkable demo-
graphic developments of the past century has been
the secular increase in longevity, illustrated in
Figure 1(b). Studies have documented clear and
steady improvements in both period and cohort mor-
tality, with life expectancy at birth continuing to
increase across most of the world (Oeppen and

Vaupel 2002; Wilmoth 2005; Rau et al. 2008; Shkolni-
kov et al. 2011). In this study we evaluate whether
these two striking demographic developments inter-
act with one another.
Previous research has indicated that, compared

with younger maternal ages, advanced maternal age
at the time of birth is associated with worse birth out-
comes (Cnattingius et al. 1992; Andersen et al. 2000),
and may also be associated with worse long-term
health, including higher mortality during adulthood
(Kemkes-Grottenthaler 2004; Smith et al. 2009).
Although older parents typically have greater
socio-economic resources, an increase in the mean
age at childbearing combined with the negative
effects of reproductive ageing could have important
consequences for population health. On the other
hand, increasing parental age naturally parallels the
linear passage of chronological time. For any particu-
lar woman or man, having a child at a later age also
means that the birth will occur in a later calendar
year. Given the remarkable declines in mortality
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for succeeding cohorts, this later timing of birth is
likely to lead to longer lives for such children. In
this study we use Swedish population data to con-
sider explicitly how secular improvements in longev-
ity may counterbalance or even outweigh any
potential negative effects of reproductive ageing.
We expect that secular declines in mortality will
counterbalance the negative effects of reproductive
ageing, with children born to older mothers and
fathers living longer, or at least not suffering any dis-
advantage from the biological age of their parents.

Parental age and offspring longevity:
counterbalancing processes

There are at least three important dimensions to con-
sider when explaining the relationship between par-
ental age at childbearing on offspring health and
longevity: physiological effects, socio-economic
status, and macro-level trends in mortality. We
discuss each of these in turn.
The first dimension is the physiological effect of

parental age on offspring health, which is attributable
to reproductive ageing (Hassold and Hunt 2001;
Tatone et al. 2008; Kong et al. 2012). Human repro-
ductive systems deteriorate with increasing age.

Increasing maternal age is associated with the
accumulation of DNA damage in the germ cells
and decreasing embryo viability, leading to lower
fecundity (Abdalla et al. 1997). Studies have shown
that the likelihood of spontaneous abortion, still-
birth, and Down syndrome, as well as the risk of
poor perinatal outcomes such as pre-term birth and
low birth weight, increase exponentially for potential
mothers from around age 25 (Cnattingius et al. 1992;
Andersen et al. 2000). The offspring of older mothers
are also at a greater risk of developing childhood
cancers (Yip et al. 2006). The age of the father also
matters. Increasing paternal age is an important
determinant of de novo mutations in the male germ
cells (Kong et al. 2012), and later paternal age has
been found to be associated with increased risks of
schizophrenia and autism (Sipos et al. 2004;
Hultman et al. 2011). Studies have also indicated
that advanced parental age may be associated with
long-term consequences for health: the offspring of
older parents experience higher mortality and
lower reproductive fitness in adulthood (Kemkes-
Grottenthaler 2004; Smith et al. 2009; Gavrilov and
Gavrilova 2012; Gillespie et al. 2013), and the chil-
dren of older mothers are particularly less likely to
survive to be centenarians (Gavrilov and Gavrilova
2014, 2015; Jarry et al. 2014). Furthermore, those

Figure 1 (a) Mean age at childbearing for women and (b) life expectancy at birth for men and women com-
bined, in eight developed countries, 1900–2014
Note: Life expectancy at birth in Germany refers to West Germany. Exact years included are dependent on data availability.
Sources: Human Fertility Database and Human Mortality Database.
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born to older parents are more likely to develop Alz-
heimer’s disease or schizophrenia in adulthood
(Rocca et al. 1991; Sipos et al. 2004). The negative
consequences of advanced parental age are primarily
concentrated among offspring born to parents aged
35 or older.
Although the weight of evidence strongly suggests

that reproductive ageing is associated with worse
health outcomes for offspring, recent research has
also suggested that having an older father could
have beneficial effects for offspring longevity, due
to variation in telomere length by paternal age. Telo-
meres are repeating DNA sequences at the ends of
chromosomes that preserve genetic integrity as cells
divide (Eisenberg et al. 2012). Telomere length
decreases as a consequence of cell division and
DNA replication, as well as from oxidative stress.
As a result, telomere length generally decreases
with increasing age (Watson 1972; Richter and von
Zglinicki 2007). Shorter telomeres are associated
with a host of negative health outcomes, including
an increased risk of cardiovascular disease (Benetos
et al. 2001), diabetes (Salpea et al. 2010), and all-
cause mortality (Cawthon et al. 2003). However,
there is an exception to this general rule: telomere
length actually increases with paternal age in
human sperm (Allsopp et al. 1992). As a conse-
quence, the children of older fathers have longer tel-
omeres and this effect is cumulative across
generations. That is, having an older grandfather is
associated with greater telomere length, even net of
the age of the father at the time of birth (Eisenberg
et al. 2012). As a result, the negative effect on
health of an increase in de novo mutations in the
male germ line with increasing paternal age may be
counterbalanced by the beneficial effect on health
of increasing telomere length. Telomere length
among offspring does not vary by age of mother,
because women are born with the full pool of
primary oocytes that they will carry over the life
course.
The second factor influencing the relationship

between parental age at childbearing and offspring
longevity is parental socio-economic status. Com-
pared with younger mothers of the same cohort,
older mothers typically have higher levels of edu-
cation (Lappegård 2000), greater incomes, and
higher occupational status (McLanahan 2004;
Powell et al. 2006). Due to assortative mating they
tend to be partnered with men who also have high
socio-economic status (McPherson et al. 2001; Mare
2016). Studies also show that older parents are
more likely to be in stable relationships (Thomson
et al. 2014) and, relative to younger couples, they

are happier after they have children (Margolis and
Myrskylä 2011; Myrskylä and Margolis 2014). Child-
bearing in the teenage years or in early adulthood is
most common among men and women from less
advantaged socio-economic backgrounds (Hoffman
et al. 1993), and even when this is not the case, child-
bearing at relatively early ages tends to disrupt edu-
cational and occupational trajectories, leading to
lower socio-economic attainment and worse health
for those parents (Klepinger et al. 1995; Barclay
et al. 2016). As a consequence, the children of
older parents are generally the beneficiaries of
greater resources and higher parenting quality
(Powell et al. 2006; Kalil et al. 2012). This disparity
in the resources available to children of parents
with high vs. low socio-economic statuses has been
growing since at least the 1970s (McLanahan 2004).
Given the strong relationship between socio-econ-
omic status and health (Mackenbach et al. 1997;
Torssander and Erikson 2010), parental socio-econ-
omic status may offset or counterbalance the nega-
tive effects of reproductive ageing documented by
previous research.
A third factor that is of critical importance in

explaining the longevity of children by parental age
at the time of birth is macro-level trends in mortality.
For any prospective parent, delaying parenthood
means that their child will be born at a later date.
Until recently the conceptual importance of this
factor has been ignored by those researching this
topic. Recent research that has explicitly considered
the importance of cohort improvements over time
has shown that on average the children of older
mothers have a higher IQ, attain more education,
and are taller (Myrskylä et al. 2013; Barclay and
Myrskylä 2016a). These advantages are attributable
to increasing IQ scores at the population level
(Flynn 1987), educational expansion (Breen 2010),
and steady improvements in population stature
(Komlos and Lauderdale 2007). Given secular
declines in mortality, this can also be expected to
apply to offspring longevity, with those born to
older parents benefitting from placement in a later
birth cohort.
A handful of previous studies have examined the

association between parental age and offspring mor-
tality without controlling for mortality improvements
over time, using data from Canada and the United
States, and have shown that later maternal age is
associated with a lower likelihood of surviving to
age 100 or older (Gavrilov and Gavrilova 2014,
2015; Jarry et al. 2014). However, while these
studies do provide an important insight into the
potential effects of parental age on extreme

Parental age and offspring mortality 3



longevity, the focus on survival to a specific age (e.g.,
100 or 104) among a small sample rather than exam-
ining mortality across adulthood in a full population
means that it is not possible to draw definitive con-
clusions from those findings. Indeed, on the contrary,
we contend that the secular improvements in mor-
tality over the past century should counterbalance
the negative physiological effects of advanced par-
ental age.

Mortality trends in Sweden

Human life expectancy has increased by more than
two years per decade for over a century (Oeppen
and Vaupel 2002), and Sweden has experienced a
similar pattern of improvement (see Figure 1(b)).
Life expectancy at birth in Sweden in 1900 was 53.6
for women and 50.8 for men, but by 2014 it was
84.1 for women and 80.4 for men. In the early
1970s, Sweden was the world leader in life expect-
ancy at birth, but it has since lost ground to countries
like France and Japan (Drefahl et al. 2014). Akin to
the pattern in other developed countries, gains in
period life expectancy at birth earlier in the twentieth
century are primarily attributable to declines in
infant and child mortality, while improvements

since the 1950s are primarily attributable to declines
at older ages (Christensen et al. 2009). Although
mortality decline among centenarians has stagnated
(Drefahl et al. 2012), there have still been very sub-
stantial reductions in the rates of mortality attribu-
table to neoplasms and cardiovascular diseases
among pre-centenarians in Sweden (Björck et al.
2009; La Vecchia et al. 2010; Modig et al. 2013).
In this study we use Swedish population data to

study the relationship between parental age at the
time of birth and offspring mortality in adulthood
over the period 1990–2012. Figure 2 shows age-
adjusted mortality trends for 1990–2012 for all-
cause mortality, and for mortality attributable to
neoplasms and cardiovascular diseases separately.
Men are shown in Figure 2(a) and women in Figure
2(b). The declines in all-cause mortality were large
for both men and women during this period. In
1990, the all-cause mortality rate was 1,543 per
100,000 for men and 989 per 100,000 for women,
and by 2012 had declined to 1,071 for men and 782
for women (Socialstyrelsen 2007, 2013). Declines in
mortality attributable to cardiovascular diseases
and neoplasms were also substantial for both men
and women, but particularly so for men.
Postponing parenthood, or continuing childbear-

ing at older ages, means placing any such children

Figure 2 Age-adjusted period mortality rates for major causes of death for (a) men and (b) women, Sweden
1990–2012
Note: A log scale is used.
Sources: Socialstyrelsen [Swedish National Board of Health and Welfare] (2007, 2013).
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into a later birth cohort. As a result of the declines in
age-specific mortality in Sweden, clearly illustrated in
Figures 1 and 2, the members of these later-born
cohorts are likely to live longer than if they had
been born in an earlier time period. In this study
we investigate whether secular trends of increasing
longevity counterbalance or outweigh the negative
effects of reproductive ageing on offspring longevity,
using Swedish population data to study adult mor-
tality between ages 30 and 74.

Data and methods

Data

In this study, we use Swedish administrative register
data to examine individuals born in Sweden
between 1938 and 1960 inclusive. In Sweden, each
individual is given a unique personal identification
number (PIN). This PIN makes it possible to link
an individual’s records across the various administra-
tive registers. One particularly important register for
this study is the Swedish Multigenerational Register.
This contains information on the PIN of each individ-
ual, as well as the PINs of the individual’s parents
(Statistics Sweden 2011). This information allows us
to identify the biological mother and father of each
individual and, in turn, to identify any other biologi-
cal kin relations. The main family members of inter-
est in this study are the mother, father, and siblings
of the index person. We use information on the bio-
logical mother and father to determine the maternal
and paternal ages at the time of birth and to identify
the sibling group. The earliest birth cohort for which
it is possible to link individuals to their siblings in the
Swedish Multigenerational Register is 1932.
However, we use cohorts born from 1938 to 1960,
as previous studies have suggested that birth order
may influence long-term health and mortality
(Barclay and Myrskylä 2014; Barclay and Kolk
2015). Since we can only link individuals to their
kin from 1932 onwards, everybody born in 1932
appears in the data as a ‘firstborn’. For a more accu-
rate measure of birth order, we start from cohorts
born in 1938.
Although we describe our methodological strategy

in more detail in the following subsection, that strat-
egy also affects the analytical sample that we use.
Between 1938 and 1960 there were 2,491,059 live
births in Sweden. After excluding individuals who
are missing information on the PIN of the mother
or father, sibling groups where any child is born
outside Sweden, and sibling groups with multiple

births, we are left with 1,899,314 observations. In
our main analyses we use within-family sibling com-
parison analyses, comparing siblings who share a bio-
logical mother and father. These sibling comparison
analyses rely on variance in the sibling group to esti-
mate the importance of parental age at the time of
birth. That means that our sibling fixed effect ana-
lyses are based on sibling groups where at least two
siblings are observed and where at least one sibling
has died. This results in an analytical sample of
319,749, of whom 117,169 have died. Although
within-family sibling comparisons have a high
degree of internal validity, there are limitations to
generalizability when such a large proportion of the
population is excluded from the analyses. To
address this, we also use between-family comparisons
that do not exclude one-child sibling groups or sibling
groups where none of the siblings have died. The
analytical sample for those analyses is 1,899,314, of
whom 157,328 have died. We provide more detail
on our statistical models in the following subsection.
To study mortality, we use the Swedish Mortality

Register that covers the period 1960–2012 and pro-
vides information on timing of death by year and
month. Although the Swedish Mortality Register
contains data for the period 1960–2012, the multige-
nerational registers that allow family members to be
linked to one another are incomplete before the
1990s (Statistics Sweden 2011). As a consequence,
studying mortality before the early 1990s for individ-
uals who can be linked to their kin is, in effect, still
conditioning on survival to the early 1990s for
members of that population. This is particularly
important, because a central component of our
analysis is the application of a within-family sibling
comparison approach, detailed in the following sub-
section. We therefore choose to study mortality
over the period January 1990 to December 2012.
Although we could also study cohorts born later
than 1960, we focus on these cohorts born 1938–60
to somewhat limit the degree of cohort and period
heterogeneity in mortality patterns. Furthermore,
mortality in early adulthood in Sweden is uncom-
mon, meaning that few deaths are observed among
cohorts born after 1960 in the period up to 2012,
the latest year for which we have data on mortality.

Statistical analyses

To estimate the relationship between parental age
and offspring mortality we use four different
models. To conduct these analyses, we use the ‘st’
suite of analytical tools for survival analysis in Stata

Parental age and offspring mortality 5



13. Models 1 and 2 use the full cohorts of individuals
born 1938–60 and use Cox proportional hazard
regressions (Cox 1972) to examine the relationship
between parental age at time of birth and offspring
mortality in a between-family comparison. Models
3 and 4 use stratified Cox models, which we refer to
as within-family comparison analyses, on the subset
of sibling groups where at least one of the siblings
has died. The stratified Cox models are analogous
to sibling fixed effects models (Allison 2009,
chapter 5), and were implemented using the ‘strata
()’ option for Cox survival analysis in Stata 13. Ana-
lyses were stratified by a shared sibling group identity
number (ID). The sibling group ID was defined by a
shared biological mother and biological father.
The standard Cox proportional hazards model is

expressed as:

h(t|X1, . . . , Xk) = h0(t)exp
∑k
j=1

bjXj(t)

( )

where h(t | X1,… , Xk) is the hazard rate for individ-
uals with characteristics X1,… , Xk at time t, h0(t) is
the baseline hazard at time t, and βj, j = 1,… , k are
the estimated coefficients. Since the failure event in
our analysis is the death of the individual, the base-
line hazard of our model, h0(t), is age. Since we
study mortality between 1990 and 2012, the age
from which we begin to follow up individuals in our
analysis is the age of the index person in 1990. For
individuals born in 1938 that is 52, whereas for indi-
viduals born in 1960 that is age 30. We observe indi-
viduals born in 1938 between ages 52 and 74, and
individuals born in 1960 between ages 30 and 52.
Individuals are censored on first migration out of
Sweden, at death, or in 2012; whichever comes first.
Model 1 is a descriptive model that examines the

associations between maternal and paternal ages
and mortality using a standard Cox model, and inter-
acts sex of offspring with maternal and paternal age
at the time of birth. Model 2 is a standard Cox
model where we also use the full cohort of men
and women born in Sweden between 1938 and 1960
to examine how parental age at the time of birth is
related to offspring mortality. In Model 2 we
control for offspring sex, offspring birth order,
sibling group size, length of the birth interval preced-
ing the birth of the index person, and highest levels of
education achieved by the mother and by the father.
We also include time-varying covariates for the death
and migration status of the mother and father. We
control for offspring sex, as some studies have docu-
mented variation in the sex ratio at birth with increas-
ing maternal age, and sex is a key predictor of

mortality in adulthood (James 1987). Previous
research has also shown a relationship between
birth order and health (Barclay and Myrskylä 2014;
Barclay and Kolk 2015), and a relationship between
sibling group size and health (Hart and Davey-
Smith 2003), both of which are associated with par-
ental age at childbearing. The length of the preceding
birth interval is also associated with perinatal out-
comes (Conde-Agudelo et al. 2006), which are in
turn associated with long-term mortality (Osler
et al. 2003). Parental education is also strongly associ-
ated with offspring health (Hayward and Gorman
2004), and more highly educated parents tend to
have children at later ages (McLanahan 2004). We
control for the death and migration status of the
mother and father, as previous research has
suggested that there is a relationship between
parent–child lifespan overlap and offspring longevity
(Myrskylä and Fenelon 2012), and this might explain
the relationship between parental age at the time of
birth and offspring longevity (Myrskylä et al. 2014).
The four categories for these parental death/
migration variables are: (1) alive and in Sweden;
(2) emigrated and no mortality observed; (3) has
died; and (4) a small number of cases where we
have data on death following emigration. The
length of the preceding birth interval is set to zero
for firstborn siblings.
In a variant of Model 2, we interact parental birth

cohort with parental age at the time of birth to
examine how delaying childbearing to older ages,
or continuing childbearing at older ages, is related
to offspring mortality for parents born in different
cohorts. In these analyses we examine the mortality
of children born to parents of three different
cohorts: those born in 1885–1919, 1920–29, and
1930–46.
Models 3 and 4 estimate the association between

parental age and offspring longevity using a stratified
Cox model, which is equivalent to a within-family
sibling comparison for the subset of sibling groups.
The stratified Cox model takes the following form,
where the hazard for an individual from stratum s is:

hs(t|X1, . . . , Xk) = h0s(t)exp
∑k
j=1

bjXj(t)

( )

where h0s(t) is the baseline hazard for stratum s, s = 1,
… , S. Each stratum, s, is a sibling group. Membership
of a sibling group is defined by sharing a biological
mother and a biological father. In the standard Cox
proportional hazard regression shown earlier, the
baseline hazard h0 is common to all individuals in
the analysis. In the stratified Cox model, we allow
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the baseline hazard to differ between strata, based on
the assumption that there are unobserved factors par-
ticular to each sibling group that may confound the
relationship between parental age at the time of
birth and offspring mortality in adulthood (Allison
2009, chapter 5). Such confounding factors could
include genetics, parental health and health beha-
viours, and unmeasured aspects of parental socio-
economic status that are inadequately captured by
variables for educational attainment or social class.
To the extent that such factors are shared by siblings,
they are controlled for in the stratified Cox models.
Models 3 and 4 both include control variables for

offspring sex and birth order. Model 4 also includes
a control variable for birth year, using individual-
year dummy variables, while Model 3 does not. The
purpose of Model 3 is to investigate what we would
describe as the ‘total effect’ of parental age on off-
spring longevity. From the perspective of any individ-
ual mother or father, giving birth at a later age also
means giving birth into a later calendar year. We
argue that the relationship between parental age at
the time of birth and offspring mortality that is actu-
ally experienced by mothers and fathers is one that
incorporates the effect of both parental age and calen-
dar year. That is to say, parental age does not exist in a
vacuum, as the children born to an older mother or
father benefit from being born in a birth cohort that
experiences lower mortality than if that same
woman, or man, had had the children at a younger
age. Model 3 captures this critical aspect of the par-
ental age effect by: (1) comparing children born to
the same parents (so that being born at an older par-
ental age really does mean being born in a later calen-
dar year); and (2) excluding the control variable for
birth year. As a result, the estimated coefficients for
parental age at the time of birth capture both parental
age itself and the secular declines in mortality experi-
enced by later-born birth cohorts.
As already stated, Model 4 is the same as Model 3,

except that it includes an additional control variable
for birth year, using one-year dummies. We describe
this as the ‘net effect’ of parental age on offspring
mortality. We present the results from Model 4 for
the sake of completeness, but must mention several
important qualifications. Within a sibling group, a
one-year increase in parental age is exactly the
same as a one-year increase in birth year. This intro-
duces an age–period–cohort dependency into our
models. Since age, period, and cohort are linearly
dependent on one another, there are infinitely
many solutions to any attempt to separate them.
Therefore, in a within-family comparison, it is not
possible to identify the effect of parental age net of

the effect of birth year. It would be possible to cir-
cumvent this problem if there were significant vari-
ation in the mortality trend over time, for example,
if mortality decline had been observed for some
birth cohorts, but not others. Other analyses have
shown that the effects of parental age on outcomes
such as educational attainment and child mortality
can be isolated by exploiting heterogeneity in the
secular trend (Barclay and Myrskylä 2016b, 2017).
Unfortunately, however, this is not a characteristic
of our data. As the rising life expectancy in Figure
1(b) illustrates, mortality has been declining steadily
for the entire period over which we have data.

Results

Descriptive statistics

Table 1 shows summary statistics for the two analytical
populations used in our analyses: the full cohorts born
1938–60 and the sibling population. It can be seen that
in the full population the mortality rate is lowest among
those born to mothers aged 25–29, and is higher among
those born to younger and older mothers. With regards
to paternal age, we can see that the mortality rates are
lowest among those born to fathers aged 20–39. Slightly
higher mortality rates are found among those born to
teenage fathers, and to fathers aged 40 or above. In
the sibling population the pattern is quite different,
with those born to older mothers and fathers having
lower mortality rates than those born to younger
parents. However, this is a consequence of conditioning
the selection of the sibling population on the death of at
least one of the siblings. Those deaths will be concen-
trated among older siblings, who will be born in
earlier cohorts, and will typically be born to younger
mothers and fathers. The descriptive patterns among
the other variables in Table 1 show that mortality is
substantially lower among women than men in both
the full population and in the sibling population. In
the full population, mortality rates are higher following
the death of either the mother or father. Since these
numbers are descriptive, the death of the mother or
father is also correlated with the age of the index
person. Finally, it is also clear for both populations
that mortality rates are substantially lower among
those born in later birth cohorts.

Survival analyses

Table 2 and Figure 3 show the results from Models 1,
2, 3, and 4, which are survival analyses of the
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relationship between maternal and paternal age at
the time of birth and offspring all-cause mortality in
Sweden between 1990 and 2012, for cohorts born
1938–60. Models 1 and 2 are Cox regressions on
the full population, while Models 3 and 4 are strati-
fied Cox regressions based on the population of
sibling groups where at least one sibling died
during the observation window.

Model 1 examines the relationship between par-
ental age and offspring mortality, adjusting only for
sex, while Model 2 introduces additional control vari-
ables for birth order, sibling group size, the length of
the preceding birth interval, maternal and paternal
educational levels, and the death and migration
status of the mother and father. As can be seen
from Model 1 (Table 2), individuals born to

Table 1 Descriptive statistics for all-cause mortality for Swedish men and women born 1938–60: full cohort population and
sibling population

Full cohort Sibling population

Person-
time (%) Deaths

Mortality rate
(10–4)

Person-
time (%) Deaths

Mortality rate
(10–4)

Maternal age 15–19 3.9 6,323 3.2 3.2 4,815 19.9
20–24 23.1 36,523 3.1 21.1 29,210 18.2
25–29 30.5 46,777 3.0 29.7 37,134 16.4
30–34 23.8 37,259 3.1 25.2 27,387 14.3
35–39 13.7 22,057 3.2 15.3 14,193 12.2
40–44 4.6 7,694 3.3 5.1 4,125 10.5
45+ 0.4 695 3.4 0.4 305 9.2

Paternal age 15–19 0.6 1,015 3.2 0.4 675 21.8
20–24 11.1 17,384 3.1 9.1 13,234 19.2
25–29 26.1 40,611 3.1 24.0 32,207 17.6
30–34 27.6 42,940 3.1 27.4 33,097 15.8
35–39 19.3 30,531 3.1 21.0 21,922 13.7
40–44 10.0 16,189 3.2 11.7 10,697 12.0
45–49 3.8 6,391 3.3 4.6 3,955 11.2
50–54 1.1 1,836 3.4 1.4 1,091 10.5
55+ 0.3 431 2.9 0.4 291 10.6

Sex Male 50.8 95,679 3.7 52.6 71,414 17.8
Female 49.2 61,649 2.5 47.4 45,755 12.7

Birth order 1 47.4 79,301 3.3 27.6 47,277 22.5
2 31.5 47,293 3.0 32.5 40,743 16.4
3 12.9 18,915 2.9 20.0 17,544 11.5
4 4.8 6,994 2.9 10.2 6,797 8.7
5 1.9 2,789 2.9 4.9 2,773 7.4
6 0.8 1,119 2.8 2.4 1,118 6.2
7+ 0.7 917 2.8 2.4 917 5.0

Birth year 1938–44 26.3 75,165 5.7 34.7 52,726 19.9
1945–49 25.1 41,874 3.3 29.5 33,118 14.8
1950–54 22.5 23,645 2.1 20.8 19,506 12.3
1955–60 26.2 16,644 1.3 15.0 11,819 10.4

Mother’s vital status Alive, in
Sweden

58.4 54,886 1.9 – – –

Emigrated 0.3 352 2.1 – – –

Has died 41.2 101,941 4.9 – – –

Emigrated, then
died

0.1 149 4.3 – – –

Father’s vital status Alive, in
Sweden

36.8 27,547 1.5 – – –

Emigrated 0.5 528 2.2 – – –

Has died 62.6 128,920 4.1 – – –

Emigrated, then
died

0.2 333 3.7 – – –

Source: Swedish register data, authors’ own calculations.
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Table 2 Survival analyses of Swedish men and women born 1938–60: all-cause mortality over the period 1990–2012

Model 1 Model 2 Model 3 Model 4

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Maternal age 15–19 1.13 1.10–1.17 1.22 1.18–1.25 1.01 0.94–1.08 0.96 0.90–1.04
20–24 1.05 1.03–1.07 1.10 1.08–1.11 0.98 0.95–1.01 0.96 0.92–0.99
25–29 (ref) 1.00 – 1.00 – 1.00 – 1.00 –

30–34 1.00 0.99–1.01 0.93 0.91–0.94 1.00 0.97–1.03 1.02 0.99–1.06
35–39 1.02 1.00–1.04 0.88 0.86–0.90 1.00 0.95–1.06 1.06 0.99–1.13
40–44 1.05 1.02–1.08 0.86 0.83–0.89 1.07 0.98–1.17 1.15 1.04–1.28
45+ 1.07 0.99–1.16 0.86 0.79–0.93 1.15 0.95–1.39 1.27 1.04–1.56

Paternal age 15–19 1.13 1.06–1.21 1.20 1.12–1.28 1.14 0.99–1.31 1.09 0.94–1.26
20–24 1.05 1.03–1.07 1.08 1.06–1.10 1.02 0.98–1.06 1.00 0.95–1.04
25–29 (ref) 1.00 – 1.00 – 1.00 – 1.00 –

30–34 0.98 0.97–1.00 0.92 0.91–0.94 0.99 0.96–1.02 1.02 0.98–1.05
35–39 0.99 0.97–1.01 0.87 0.85–0.89 0.96 0.91–1.01 1.00 0.94–1.07
40–44 1.00 0.98–1.02 0.84 0.82–0.87 0.92 0.86–1.00 0.99 0.91–1.09
45–49 1.03 1.00–1.07 0.86 0.83–0.88 0.90 0.81–1.00 0.99 0.88–1.13
50–54 1.04 0.98–1.09 0.85 0.80–0.89 0.81 0.69–0.95 0.92 0.77–1.10
55+ 1.07 0.97–1.18 0.85 0.77–0.94 0.87 0.67–1.12 1.01 0.77–1.33

Sex Male (ref) 1.00 – 1.00 – 1.00 – 1.00 –

Female 0.66 0.65–0.66 0.66 0.65–0.66 0.64 0.63–0.66 0.65 0.63–0.66

Birth order 1 (ref) – – 1.00 – 1.00 – 1.00 –

2 – – 1.03 1.02–1.05 0.99 0.97–1.01 1.00 0.98–1.03
3 – – 1.08 1.05–1.10 1.01 0.97–1.04 1.03 0.99–1.07
4 – – 1.06 1.03–1.10 0.98 0.93–1.03 1.01 0.95–1.07
5 – – 1.11 1.06–1.16 1.00 0.94–1.08 1.05 0.97–1.13
6 – – 1.12 1.05–1.20 0.99 0.90–1.10 1.04 0.94–1.16
7+ – – 1.20 1.11–1.30 1.09 0.97–1.23 1.16 1.02–1.31

Sibling group size 1 – – 1.16 1.14–1.18 – – – –

2 (ref) – – 1.00 – – – – –

3 – – 0.97 0.96–0.98 – – – –

4 – – 0.99 0.98–1.01 – – – –

5 – – 1.04 1.01–1.06 – – – –

6 – – 1.02 0.98–1.05 – – – –

7+ – – 1.02 0.99–1.06 – – – –

Birth interval (months) – – 1.00 1.00–1.00 – – – –

Maternal education Primary (<9 years) – – 1.06 1.04–1.08 – – – –

Primary (9 years) – – 1.04 1.00–1.08 – – – –

Secondary (10–11 years; ref) – – 1.00 – – – – –

Secondary (12 years) – – 0.98 0.96–1.01 – – – –

Tertiary (13–15 years) – – 0.95 0.91–1.00 – – – –

Tertiary (15+ years) – – 0.93 0.89–0.97 – – – –

Postgraduate – – 0.96 0.86–1.07 – – – –

Missing – – 1.14 1.12–1.17 – – – –

Paternal education Primary (<9 years) – – 1.04 1.03–1.06 – – – –

Primary (9 years) – – 0.96 0.94–0.99 – – – –

Secondary (10–11 years; ref) – – 1.00 – – – – –

Secondary (12 years) – – 0.95 0.91–1.00 – – – –

Tertiary (13–15 years) – – 0.85 0.81–0.89 – – – –

Tertiary (15+ years) – – 0.87 0.83–0.91 – – – –

Postgraduate – – 0.87 0.65–1.16 – – – –

Missing – – 1.10 1.08–1.13 – – – –

Mother’s vital status Alive, in Sweden (ref) – – 1.00 – – – – –

Emigrated – – 1.07 0.96–1.20 – – – –

Has died – – 1.33 1.32–1.35 – – – –

Emigrated, then died – – 1.14 0.96–1.35 – – – –

(Continued)
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mothers and fathers aged 25–29 experience lower
mortality than individuals born to younger or older
parents. Those born to teenage mothers or fathers
have a hazard 13 per cent higher, while those born
to mothers aged 45 or older, or fathers aged 55 or
older have a hazard that is 7 per cent higher, but
these estimates are not very precise, probably
because of small cell sizes. The results from Model
2 (Table 2) show that after adjusting for various

confounding factors, those born to teenage mothers
or teenage fathers experience the highest mortality,
and that the hazard of mortality generally decreases
monotonically with increasing maternal and paternal
age. We have also considered whether these results
could be driven by parental cohort differences.
However, in models stratified by parental cohort
(shown in the supplementary material; Figure S1),
the results are largely the same.

Table 2 Continued.

Model 1 Model 2 Model 3 Model 4

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Father’s vital status Alive, in Sweden (ref) – – 1.00 – – – – –

Emigrated – – 1.28 1.17–1.40 – – – –

Has died – – 1.28 1.26–1.30 – – – –

Emigrated, then died – – 1.33 1.19–1.49 – – – –

Number of people 1,899,314 1,899,314 319,749 319,749
Deaths 157,328 157,328 117,169 117,169

Notes: RR refers to relative risk; 95% CI refers to 95% confidence intervals. Model 1 is a Cox regression adjusting for sex only. Model 2 is a
fully adjusted Cox regression. Model 3 is a stratified Cox regression adjusting for sex and birth order. Model 4 is a stratified Cox regression
adjusting for sex, birth order, and birth year. Estimates for birth year are included in Models 2 and 4 but not shown here.
Source: Swedish register data, authors’ own calculations.

Figure 3 All-cause mortality by maternal age and paternal age at the time of birth, for Swedish men and
women born 1938–60
Notes: Model 1 is a Cox regression adjusting for sex only. Model 2 is a fully adjusted Cox regression. Model 3 is a stratified
Cox regression adjusting for sex and birth order. Model 4 is a stratified Cox regression adjusting for sex, birth order, and birth
year. Error bars show 95 per cent confidence intervals.
Source: Swedish register data, authors’ own calculations.
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While the estimates from Model 2 are adjusted for
a number of potentially confounding variables, it is
very possible that there are unobserved factors that
vary within sibling groups that could confound the
relationship between parental age at the time of
birth and offspring mortality in adulthood. This
could explain why Model 2 suggests that those born
to older mothers experience substantially lower mor-
tality than those born to younger mothers. To
attempt to minimize this residual confounding, we
estimate sibling comparison models, which adjust
for all time-invariant factors that are shared by sib-
lings. Model 3 adjusts for birth order, giving what
we describe as the ‘total effect’ of parental age at
the time of birth, while Model 4 adjusts for birth
year as well as birth order, giving what we describe
as the ‘net effect’ of parental age.
The results from Model 3 show that the relation-

ship between maternal age at the time of birth and
mortality is completely flat up to age 35–39, by
which age the vast majority of births have taken
place. This indicates that maternal age at the time
of birth does not have any impact at all on offspring
mortality in adulthood for the majority of the
population born 1938–60. The results in Figure 3
do show that individuals born to mothers aged
40–44 experience mortality that is 7 per cent
higher, and individuals born to mothers aged 45
or older have mortality that is 15 per cent higher
than individuals born to mothers aged 25–29,
though these estimates are not statistically signifi-
cant. An increase in mortality of 7 per cent is
approximately equivalent to a life expectancy at
age 30 (e30) that is eight months shorter than for
offspring born to women aged 25–29, when
applied to a Swedish life table from 2007. This
difference in remaining e30 is slightly larger than
the seasonal differences in mortality observed in
Austria by Doblhammer and Vaupel (2001).
Although the increase in mortality associated with
being born to a mother aged 45 or older is larger,
at 15 per cent, this risk is only experienced by a
very small fraction of the population.
The results for paternal age from Model 3 show

that being born to a teenage father is associated
with a 14 per cent increase in the hazard of mor-
tality, although the confidence interval is wide.
Increasing paternal age is associated with a mono-
tonic decrease in offspring mortality up to age
50–54, at which point there is a small increase.
For the most part this decline in mortality is statisti-
cally significant. These results indicate that delay-
ing childbearing to older ages has few, if any,
negative consequences for the children of the vast

majority of women, and that when men delay child-
bearing to older ages, this actually decreases mor-
tality among their children.
The results fromModel 4 are also shown in Table 2

and Figure 3. Model 4 includes control variables for
the index person’s birth year using individual-year
dummy variables. As stated in the ‘Statistical ana-
lyses’ subsection, we advise caution in the interpret-
ation of these results. Within a sibling group, a
one-year increase in maternal or paternal age is
exactly the same as a one-year increase in birth
year. As a consequence, it should not be possible to
pick apart the difference in the effect of maternal
age and birth year. Nevertheless, these estimates do
suggest what would be expected theoretically: that
when controlling for the benefit of being born in a
later birth year, being born to older parents is associ-
ated with worse mortality outcomes. The results show
an increase in mortality with increasing maternal age
at the time of birth, and this increase is generally stat-
istically significant. Relative to individuals born to
mothers aged 25–29, those born to women aged 40–
44 experience a 15 per cent higher hazard of mor-
tality. The results for paternal age do not show any
statistically significant results for all-cause mortality:
the point estimates are flat between ages 20–24 and
45–49, and being born at a later time point is not
associated with significantly lower mortality as it is
in Model 3.
The reader will note that all our analyses are based

on a pooled analysis of men and women. We also
tested for an interaction between sex and parental
age at the time of birth, and found that there was
no statistically significant interaction. The estimates
plotted from these models are shown in the sup-
plementary material (Figure S2).
We also conducted additional analyses to examine

the effect of heterogeneity by cause of death. The
three specific causes examined were cardiovascular
diseases, neoplasms, and all other remaining
causes. We took account of the fact that Sweden
switched from version nine to version ten of the
International Classification of Diseases (ICD) in
1996 (Janssen and Kunst 2004). The diagnostic cat-
egories for cardiovascular diseases were 390–459
in ICD-9 and I00–I99 in ICD-10. For neoplasms
the diagnostic categories were 140–239 in ICD-9
and C00–D48 in ICD-10. The results from these
analyses are shown in the supplementary material
(Tables S1–S3 and Figures S3–S5). The results for
the two major causes of death—neoplasms and car-
diovascular diseases—were generally very consist-
ent with the results that we observe for all-cause
mortality.
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Discussion

This study has shown that in twentieth-century
Sweden, after taking into account the benefits of
being born in a later birth year with lower mortality
rates, postponing fatherhood increased longevity
for the offspring, and postponing motherhood had
no negative effect on offspring longevity. Although
previous research has examined the relationship
between parental age at childbearing and offspring
mortality (Kemkes-Grottenthaler 2004; Smith et al.
2009; Gavrilov and Gavrilova 2012; Gillespie et al.
2013), that body of research has generally focused
on isolating the effect of parental age net of potential
confounding factors. Although that is undoubtedly
an important exercise, we believed that research on
this topic would be positively informed by a careful
consideration of the role of cohort and period
trends for offspring outcomes rather than treating
them as a nuisance factor to be adjusted for. This
study has advanced the literature by highlighting
the often-overlooked point that prospective parents
are choosing not just whether to have a child at age
25 or at age 35, but whether to have a child at age
25 this year or at age 35 a decade from now. This
approach provides additional nuance to the debate
regarding how childbearing at advanced ages
affects the offspring, particularly when considering
the many positive secular trends over past decades,
which are not limited to improvements in longevity.
We argue that our approach towards understand-

ing the relationship between parental age and off-
spring mortality represents the most accurate
portrayal of that experience from the perspective of
any individual mother or father. That is, mothers
who continue childbearing at older ages do not
increase the mortality of their children, and fathers
who continue childbearing at older ages increase
the longevity of their children. While certain risks,
such as involuntary childlessness, increase with ferti-
lity postponement, our results indicate that the chil-
dren of older fathers in high-income Sweden live
longer. Although we focus on mortality across ages
30–74, the low levels of infant, child, and early
adult mortality in Sweden mean that the potential
impact of mortality selection before age 30 is unlikely
to be driving our results. Nevertheless, it is important
to acknowledge that the children who survived to
enter our analysis are necessarily those who survived
to reach adult ages, and were born to parents who
were able to conceive successfully and have children.
The children born to parents of advanced

reproductive ages are therefore necessarily drawn
from a relatively healthy proportion of the
population.
As shown in Figure 1(b), life expectancy at birth

has been increasing consistently since at least 1900
across a wide range of countries that are today classi-
fied as developed. As a consequence, we argue it is
very plausible to generalize the results that we
observe in this study beyond Sweden, to other
countries where life expectancy has been increasing.
It should be added that an increase in the mean age
at childbearing at the national level is not needed
for our findings to be generalizable to other contexts,
only that life expectancy must have been increasing.
When life expectancy is increasing, children born in
later calendar years will on average live longer; as a
result, parents who give birth at older ages are
likely to benefit their children in this regard.
Although advanced maternal age is associated with
involuntary childlessness, greater risk of spontaneous
abortion, and an increased risk of poor perinatal out-
comes (Cnattingius et al. 1992; Andersen et al. 2000),
our study suggests that it is not associated with
increased mortality in adulthood. We suggest that
these results may also be generalizable to other
high-income countries that have experienced steady
increases in longevity.
Considering the consequences of these findings, it

may be noted that they have implications for inequal-
ity in society more broadly. Indeed, it is possible that
these secular improvements in health and longevity
are contributing further to the diverging destinies
of children with parents of high vs. low socio-econ-
omic status (McLanahan 2004). On average, higher
maternal age is associated with higher socio-econ-
omic status. If we take two women born in 1950,
one of whom comes from a low socio-economic
status background and gives birth at age 20, and
the other of whom comes from a high socio-economic
status background and gives birth at age 40, even net
of the difference in the socio-economic resources of
these two women, the child of the mother with
higher socio-economic status would be expected to
live longer. In turn, that means that from a parental
cohort perspective, the socio-economic disparities
in the health and longevity of children are likely to
be even greater than has previously been documen-
ted. Furthermore, since there are intergenerational
correlations in the timing of childbearing (Kahn
and Anderson 1992; Dahlberg 2013), this diverging
pattern is likely to be cumulative over generations.
Indeed, a particularly notable dimension of our
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results is the double burden of teenage childbearing.
While teenage childbearing is associated with a wide
range of negative outcomes for offspring (Brooks-
Gunn and Furstenberg 1986), this is particularly
true when taking a life course perspective and consid-
ering macro-level trends. Not only are the children of
teenage parents disadvantaged for all the reasons
well detailed in the previous literature, teenage
parents are also giving birth at the point in their
lives where their children are least likely to gain
from secular improvements in longevity.
This study itself is not without limitations. Due to

the nature of the Swedish Multigenerational Register
and the Swedish Mortality Register, we study mor-
tality over the period 1990–2012 for cohorts born
1938–60. This means that we observe mortality over
different ages for different birth cohorts, and we do
not observe mortality before age 30 or after age 74.
Our results apply to this specific combination of
birth cohorts and ages in this time period. While we
would argue that the declines in age-adjusted all-
cause and cause-specific mortality (Figure 2) make
it clear that our findings are not limited to the
cohorts and ages that we study, we are not able to
evaluate our research question empirically outside
the specific birth cohort, age, and period combination
defined by our data structure. Most deaths occur
after age 74 in contemporary Sweden, and so the
relationship between parental age and offspring
longevity may be found to differ once it is possible
to study these birth cohorts to extinction. Indeed,
previous research on survival to age 100 or older,
where birth year was not controlled, has suggested
that being born to a mother of advanced maternal
age decreases the likelihood of becoming a centenar-
ian, and being born to a teenage mother increases the
likelihood of becoming a centenarian (Gavrilov and
Gavrilova 2014, 2015; Jarry et al. 2014); however,
that research was conducted using data on different
cohorts and in different countries from the current
study, and examined survival to different ages, so
those findings should not necessarily be considered
to contradict our results. In fact, most of the improve-
ment in life expectancy in Sweden over the past few
decades has been attributed to mortality improve-
ments at older ages (Björck et al. 2009; La Vecchia
et al. 2010; Modig et al. 2013), suggesting that it is
at least plausible that the patterns we observe will
also persist when studied at older ages.
A further important point is that many of our ana-

lyses are based on within-family sibling comparisons.
The key strength of these stratified Cox models is
that they adjust for all factors that are shared by sib-
lings, including those that are unobserved and may

otherwise be very difficult to measure, such as
shared genetics or shared parenting style. However,
as we describe in the ‘Data’ subsection, these
models require the selection of families where at
least one sibling died in the observation window
that we use in our study (1990–2012). This in turn
means that the size of our analytical sample for
those sibling comparison models is much lower
than that of the full population for those birth
cohorts. Since mortality is generally low at adult
ages in Sweden, this means that we likely select on
a portion of the population that has worse health or
has been exposed to greater environmental stressors,
and it is not technically possible to generalize those
results to the rest of the population. However, it is
quite credible that this more vulnerable or frail
portion of the population could be more susceptible
than average to the negative effects of reproductive
ageing associated with advanced parental age, and
yet we still see that advanced paternal age is associ-
ated with lower mortality in this sibling population,
and that advanced maternal age is not associated
with significantly elevated mortality. Furthermore,
when also conducting our analyses using data on
the full population for the selected birth cohorts,
we find qualitatively very similar results: delaying
childbearing to older ages is associated with lower
offspring mortality. Indeed, the results are even
clearer in the analyses using the full cohort data.
Whether the positive effects of postponement on

longevity will continue to be observed in the future
depends on whether mortality continues to decline.
While the pace of increase in the highest period life
expectancies has slowed down, it continues to be
positive (Vallin and Meslé 2009). Moreover, cohort
life expectancies have increased even more rapidly
than period-based measures (Shkolnikov et al.
2011) and the most recent trends show that period
life expectancy continues to increase year-on-year
(Mathers et al. 2015). This suggests that our finding
that postponing childbearing increases longevity for
offspring not only applies to the cohorts that we
examine in this study, but also to cohorts born after
1960, including those born today. Although increases
in life expectancy do not always translate directly
into increases in healthy life expectancy, the latter
has also been improving over time (Salomon et al.
2012), suggesting that delaying childbearing to
older ages translates into real improvements in the
life conditions of the offspring. Nevertheless, it is
important to be clear that although mortality
improvements in high-income countries are pre-
dicted for the foreseeable future, we cannot antici-
pate them with complete certainty.
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Although we have considered primarily the
benefits associated with childbearing at older ages,
it is also important to reflect on potential disadvan-
tages. From the perspective of parents, delaying
childbearing to older ages will mean that lifespan
overlap with their children will be shorter on
average. While a desire to convey as much advantage
as possible to children would be natural, this must
also be counterbalanced with wanting to spend
more of one’s lifetime with one’s children. Further-
more, as already mentioned, childbearing at older
ages is associated with an increased risk of involun-
tary childlessness, higher rates of miscarriage, and
an increased risk of poor birth outcomes (Cnattingius
et al. 1992; Andersen et al. 2000). A further impor-
tant point is that not all secular trends are positive.
Although longevity has been increasing consistently
over the past century, there have also been increases
in inequality (Piketty 2014), which could negatively
affect opportunities and life chances. Nevertheless,
similar population-level improvements over time
have also been observed in other domains, including
education and cognitive ability (Myrskylä et al. 2013;
Barclay and Myrskylä 2016a). Future research on
advancing parental age would benefit from combin-
ing the traditional micro-perspective with the
macro-perspective outlined in this study that
acknowledges the potential benefits of being born
at a later date.
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