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Abstract
As parental ages at birth continue to rise, concerns about the effects of fertility

postponement on offspring are increasing as well. Advanced maternal and paternal ages
have been associated with a range of negative health outcomes for offspring, including

decreased longevity. The literature, however, has neglected to examine the benefits of
being born at a later date. We analyse mortality among 1.9 million Swedish men and
women born in 1938-1960, and use a sibling comparison design that accounts for all
time invariant factors shared by the siblings. We show that there are no adverse effects

of childbearing at advanced maternal ages, and that offspring mortality declines

monotonically with advancing paternal age. This positive effect is attributable to the
increase in life expectancy over successive birth cohorts, which dominates over

individual-level factors that may have negative effects on offspring longevity, such as
reproductive ageing.

Introduction

In recent decades, the postponement of parenthood has been one of the most prominent
demographic trends across developed countries (UN, 2014). In the United States, the

mean maternal age at first birth increased from 22 in 1970 to 26 in 2010, while in
Sweden the mean age at first birth has reached 30 (Human Fertility Database). The

trends are similar for paternal age. As Figure 1 shows, a mean age at childbearing
approaching age 30 is not historically unusual in Sweden or many other contemporary
developed countries. Indeed, the mean age at childbearing was near, or above, age 30 in

Canada, Japan, and Sweden earlier in the 20th century. However, given the relationship

between parental age at childbearing and offspring health, the recent increase in the
mean age at childbearing could have important consequences for population health.
Previous research suggests that the offspring of older parents have higher mortality and
lower reproductive fitness (Kemkes-Grottenthaler, 2004; Smith et al., 2009; Gavrilov

and Gavrilova, 2012; Gillespie et al., 2013). Advanced maternal and paternal ages at
birth are also associated with a range of negative pregnancy and peri-natal outcomes,

including an increased risk of spontaneous abortion, Down syndrome, and childhood
cancer (Andersen et al., 2000; Yip et al., 2006), as well as Alzheimers disease and
schizophrenia in adulthood (Rocca et al., 1991; Sipos et al., 2004). These negative
consequences of advanced parental age are primarily concentrated amongst offspring
born to parents who are 35 or older.

*** Figure 1 Approximately Here ***
In considering the impact of parental age at childbearing on offspring health and

longevity, there are at least three important dimensions to consider. The first 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). The

second is the importance of parental socioeconomic status. Older age at childbearing is

consistently associated with higher levels of income, occupational attainment, and
earnings (Powell et al., 2006), and given the strong relationship between socioeconomic
status and health (Mackenbach et al., 1997; Torssander and Erikson, 2010), children

born to older parents are likely to be at an advantage. A third factor is the importance of

macro-level trends for influencing offspring outcomes, which until recently has been
completely ignored by research on this topic (Myrskylä et al., 2013; Barclay and
Myrskylä, 2016). For any prospective parent, delaying parenthood means that his or her
child will be born at a later date. Maximum human life expectancy has increased at a rate

of 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). 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 expectancy 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 20th century were 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 amongst centenarians has

stagnated (Drefahl et al., 2012), there have still been very substantial reductions in the
rates of mortality attributable to cancers and diseases of the circulatory system amongst

pre-centenarians (Björck et al., 2009; La Vecchia et al., 2009; Modig et al., 2013). Given

that cancer and cardiovascular disease are also the two leading causes of death in
Sweden, this study will examine the relationship between parental age and mortality

attributable to these causes in addition to all-cause mortality.

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 to

2012. Figure 2 shows age-adjusted mortality trends over the period 1990 to 2012 for
mortality attributable to all causes, mortality attributable to tumours, mortality

attributable to cardiovascular diseases, and mortality attributable to external causes.

Men are shown in the left-panel, and women in the right-panel. The declines in all-cause
mortality were large for both men and women in this period. In 1990 the all-cause

mortality rate for men was 1,543 per 100,000 for men and 989 per 100,000 for women,

and this declined to 1,071 per 100,000 in 2012 for men, and 782 per 100,000 for women
(Socialstyrelsen, 2007, 2013). Declines in mortality attributable to cardiovascular

diseases, or diseases of the circulatory system, were also substantial for both men and
women, but particularly so for men. For men mortality attributable to cardiovascular
diseases declined from 801 to 412 per 100,000 between 1990 and 2012, and for women

mortality attributable to cardiovascular diseases declined from 508 to 286 per 100,000
between 1990 and 2012 (Socialstyrelsen, 2007, 2013). Although it is more difficult to

discern in Figure 2, there were also meaningful declines in mortality attributable to

cancers between 1990 and 2012. For men mortality attributable to cancers declined

from 322 per 100,000 in 1990 to 279 per 100,000 in 2012, while for women mortality
attributable to cancers declined from 215 per 100,000 to 200 per 100,000 in 2013
(Socialstyrelsen, 2007, 2013)

*** Figure 2 Approximately Here ***
Postponing parenthood, or continuing childbearing at older ages, means placing that
child into a later birth cohort. As a result of the declines in age-specific mortality in

Sweden, clearly demonstrated in Figures 1 and 2, the members of these later born

cohorts are likely to live longer than if they had been born into an earlier time period. In
this study we investigate whether secular trends of increasing longevity may
counterbalance or even outweigh the negative effects of reproductive ageing on

offspring longevity for any individual mother or father. In this study we use Swedish
population data to study adult mortality, between ages 30 and 74, to examine the longterm impact of parental age at the time of birth on offspring health.
Parental Age and Offspring Longevity: Counterbalancing Processes.

While the risks associated with reproductive ageing are well-established, older parents
typically have access to greater economic and social resources, which may offset some of

the physiological ageing effects (Powell et al., 2006). Older mothers typically have

greater levels of education (Lappegård, 2000), higher incomes, higher occupational

status (McLanahan, 2004), and due to assortative mating are partnered with men who

also have high socioeconomic 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). Childbearing in the
teenage years or in early adulthood is most common amongst men and women from less

advantaged socioeconomic backgrounds (Hoffman et al., 1993), and even when this is

not the case, childbearing at relatively early ages disrupts educational and occupational
trajectories, leading to lower socioeconomic attainment and health (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 (Kalil et al., 2012).

This disparity in the resources available to children of high socioeconomic and low

socioeconomic status parents has been growing since at least the 1970s (McLanahan,
2004).

However, despite the potentially beneficial impact on children of having access to
additional social resources, most evidence still suggests that advancing parental age is

associated with decreased offspring longevity (Kemkes-Grottenthaler, 2004; Smith et al.,

2009; Gavrilov and Gavrilova, 2012). Reproductive ageing is thought to be the primary
explanation for why the children of older parents have worse birth outcomes, and worse

long-term health. Human reproductive systems deteriorate with increasing age, and
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 show that the likelihood of spontaneous abortion, still birth, Down syndrome, as
well as the risk of poor peri-natal outcomes such as pre-term birth and low birth weight,

increase exponentially from around age 25 for potential mothers (Cnattingius et al.,
1992; Andersen et al., 2000). 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 an increased risk of schizophrenia and autism (Sipos et

al., 2004; Hultman et al., 2011).

While the evidence for the relationship between parental age and offspring mortality is
relatively clear, studies on this topic have invariably ignored the role of macro-level

trends in determining offspring outcomes. As shown in Figure 1, life expectancy at birth

in Sweden and many other developed countries has been increasing consistently across
the 20th century, excepting short-term dips attributable to major international conflicts.

For any individual mother or father, postponing childbearing, or continuing
childbearing, at older ages invariably means giving birth into a later birth year. Due to

the improvements in medical knowledge and public health conditions in the intervening
period in which older parents have delayed childbearing, their children are likely to

benefit from these improvements in social conditions. For example, in 1940 in Sweden
life expectancy at birth was 67, but in 1960 life expectancy at birth had increased to 73.

Ceteris paribus, a child born into this later birth year would be expected to live longer. In
this study we evaluate the extent to which these secular improvements in longevity

counterbalance or even outweigh the negative effects of reproductive ageing net of the
socioeconomic status of the parents.

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 has a unique
personal identification number (PIN). This PIN makes it possible to link the records of
an individual across the various administrative registers. One particularly important

register for this study is the Swedish multi-generational register. The multi-generational
register contains information on the PIN of each individual, 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
biological kin relations. The main family members of interest in this study are the

mother, father, and siblings of the index persons. We use information on the biological

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 multi-generational 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,

everybody born in 1932 appears in the data as a ‘first born’. To be able to have a more
accurate measure for birth order, we start from cohorts born in 1938.

Although we describe our methodological strategy in more detail in the following

section, our strategy is also related to the analytical sample that we use. Between 1938
and 1960 there were 2,491,059 births in Sweden. After excluding individuals who are

missing information on the ID of the mother or father, sibling groups where any child is

born outside of Sweden, and sibling groups with multiple births, we were left with

1,899,314 observations. In our main analyses we employ within-family sibling

comparison analyses, comparing siblings who share a biological mother and father.

These sibling comparison analyses rely on variance in the sibling group to estimate the
importance of parental age at the time of birth. That means that our sibling fixed effect

analyses 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,

experiencing 117,169 deaths. Although within-family sibling comparisons have a high
degree of internal validity, there are limitations to generalisability 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 experiencing 157,328 deaths. We provide more detail on our statistical
models in the following section.

To study mortality we use the Swedish death register, which covers the period 19602012. Although the Swedish mortality register contains data over the period 1960 to

2012, the multigenerational registers that allow family members to be linked to one

another are incomplete before the 1990s (SCB, 2011). As a consequence, studying
mortality prior to the early 1990s for individuals 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 as a central component of our analysis is the application of
a within-family sibling comparison approach, detailed below in the following section.

We have therefore chosen to study mortality over the period January 1990 to December
2012. Although we could also study cohorts born later than 1960, we choose to focus on

these cohorts born 1938-1960 to somewhat limit the degree of cohort and period

heterogeneity in mortality patterns. Furthermore, mortality in early adulthood in
Sweden is uncommon, meaning that few deaths are observed amongst cohorts born
later than 1960 before 2012, the latest point for which we have data on mortality.

Statistical Analyses

To study mortality, we use survival analysis in the form of Cox proportional hazard

regressions (Cox, 1972). The proportional hazards model is expressed as:
𝑘

ℎ(𝑡|𝑋1 , … , 𝑋𝑘 ) = ℎ0 (𝑡)exp �� 𝛽𝑗 𝑋𝑗 (𝑡)�
𝑗=1

where h(t | X1 … Xk) is the hazard rate for individuals 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 baseline 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 individuals born in

1960 that is age 30. We observe individuals born in 1938 between ages 52 and 74, and

individuals born in 1960 between ages 30 and 62. Individuals are censored on first

migration out of Sweden, at death, or in 2012; whichever comes first.

To estimate the relationship between parental age and offspring mortality we use four
different models. Models 1 and 2 use the full cohorts of individuals born 1938-1960 and

use between-family analyses to examine the relationship between parental age at time

of birth and offspring mortality. Models 3 and 4 use within-family comparisons analyses

on the subset of sibling groups with more than one child that have experienced at least
one death amongst the siblings.

Model 1 is a descriptive model that examines the associations between maternal and
paternal ages and mortality using a standard Cox model, and interacts offspring sex with

maternal and paternal age at the time of birth. Model 2 is a between-family comparison

design where we 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 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, which are those born 1885-1919, 1920-1929, and 1930-1946.

In Model 2 we control for offspring sex, offspring birth order, sibling group size, the

length of the birth interval preceding the birth of the index person, the highest level of

education achieved by the mother, the highest level of education achieved by the father,

and we also include time-varying covariates for the death and migration status of the
mother and father. As mentioned above, previous research has shown a relationship
between birth order and health (Barclay and Myrskylä, 2014; Barclay and Kolk, 2015),

and other studies show a relationship between sibling group size and health (Hart and
Davey-Smith, 2003), both of which are associated with parental age at childbearing. The

length of the preceding birth interval is also associated with peri-natal outcomes
(Conde-Agudelo et al., 2006), which are in turn associated with long-term mortality

(Osler et al., 2003). Parental education is also strongly associated 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 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 death-migration variables
are: (1) alive and in Sweden, (2) outmigrated and no mortality observed, (3) dead, and

(4) a small number of cases where we have data on death following outmigration. The
length of the preceding birth interval is set to zero for first born siblings.

Model 3 estimates the association between parental age and offspring longevity using a
within-family sibling comparison, and adjusts for birth order. The sibling comparison
reduces residual confounding attributable to time invariant factors shared by the
siblings. By excluding a control for birth year Model 3 captures the fact that, for an

individual mother or father, delaying childbearing to later ages also means giving birth
into a later birth year. Model 3 is intended to investigate what we describe as the ‘total
effect’ of parental age on offspring longevity, which is a combination of parental age at

the time of birth, and the year of birth. The results of this model most realistically
answer the question of how postponing parenthood affects offspring longevity from the
perspective of any individual parent.

Model 4 estimates the association between parental age and offspring longevity using a
within-family sibling comparison, and adjusts for birth order, and birth year using oneyear dummies. By including a control for birth year, we estimate what we call the

‘partial effect’ of parental age at the time of birth. However, although we feel that it is

valuable to present the results of Model 4, we urge caution in the interpretation of the
estimates. The Cox models that we employ for our statistical analyses use age as the

baseline hazard. Furthermore, Model 4 includes covariates for parental age at the time
of birth and birth year of the index person. 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. The

dependency of age, period, and cohort mean that it is not strictly possible for us to
distinguish the partial effect of parental age at the time of birth within a sibling group
from the partial effect of birth year.

We estimate the sibling fixed effects Models 3 and 4 using a stratification design in
which siblings share the baseline hazard (Allison, 2009). We also conduct additional

analyses to examine effect heterogeneity by cause-of-death. The specific causes that we

examine are mortality attributable to diseases of the circulatory system, neoplasms, and
all remaining other causes. We take account of the fact that Sweden switched from
version 9 to version 10 of the International Classification of Diseases (ICD) in 1996

(Janssen and Kunst, 2004). The diagnostic categories for diseases of the circulatory
system in ICD-9 were 390-459, and I00-I99 in ICD-10. The diagnostic categories for
neoplasms in ICD-9 were 140-239, and C00-D48 in ICD-10.

Results

Descriptives

Table 1 shows summary statistics for the analytical population used in our analyses,
based upon the analyses of the full cohorts born 1938-1960, as well as the sibling
population with variance on all-cause mortality. It can be seen that in the full population
the rate of mortality is lowest amongst those who were born to mothers aged 25-29, and

the rate is higher amongst those born to younger and older mothers. In regards to

paternal age it can be seen that the rates of mortality are lowest amongst those born to

fathers aged 20-39. Slightly higher rates of mortality are found amongst those born to

teenage fathers, and to fathers aged 40 or older. In the sibling population the pattern is

quite different, with those born to older mothers and fathers having lower rates of

mortality. However, this is a consequence of conditioning the selection of the sibling
population upon the death of at least one of the siblings. Those deaths will be
concentrated amongst older siblings, who will be born in earlier cohorts, and will on

average will be born to younger mothers and fathers. The descriptive patterns amongst
the other variables in Table 1 show that mortality is substantially lower amongst

women than men in both the full population as well as the sibling population with
variance on all-cause mortality. Rates of mortality 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 that rates of mortality are substantially lower amongst those born in later birth
cohorts.

*** Table 1 Approximately Here ***
Survival Analyses: Between-family Analyses Using Full Cohorts.

Tables 2 and 3 show the results from Models 1 and 2, which are between-family
analyses examining the relationship between parental age at the time of birth and all-

cause mortality, mortality attributable to neoplasms, mortality attributable to

cardiovascular diseases, and mortality attributable to all remaining causes. Model 1
examines the relationship between parental age and offspring mortality, adjusting only
for gender, while Model 2 introduces additional control variables 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 in Table 2, individuals born to a mothers and fathers aged 25- 29 have lower

mortality than individuals born to younger and older mothers and fathers when looking
at all-cause mortality. Those born to teenage mothers and fathers have a hazard 13%
higher, while those born to mothers aged 45 or older, or fathers aged 55 or older have a

hazard that is 7% higher. The results from Model 2 in Table 2 for all-cause mortality

show that after adjusting for various confounding factors, those born to teenage mothers
and teenage fathers have the highest mortality, and that the hazard of mortality

generally decreases monotonically with increasing maternal and paternal age. Figure 3

shows the results for all-cause mortality interacted with the birth cohort of the parents,

which we group as 1885-1919, 1920-1929, and 1930-1946. In Figure 3 it is clear that
delaying childbearing to older ages has resulted in lower mortality amongst the
offspring for both mothers and fathers.

*** Table 2 Approximately Here ***
*** Figure 3 Approximately Here ***
Table 2 also shows the results from Models 1 and 2 examining the relationship between

parental age at the time of birth and mortality attributable to neoplasms. Model 1 shows
that an increased hazard of mortality is only notably associated with being born to a

teenage mother or father, and that there is no clear disadvantage in regards to being
born to an older mother or father. In Model 2, however, the introduction of the

additional control variables shows that increasing maternal and paternal age at the time

of birth is actually associated with lower mortality for the children. Figure 4(a) show the

interaction between the birth cohort of the parents and parental age at the time of birth.

As could be seen in Figure 3, increasing maternal and paternal age at the time of birth is
associated with lower mortality amongst the offspring. Figure 4(a) shows that there is a
small increase in the hazard of mortality for children born to fathers aged 30-34, but this
estimate is accompanied by wide confidence intervals.

*** Table 3 Approximately Here ***
*** Figure 4 Approximately Here ***
Table 3 shows the results from Models 1 and 2 for mortality attributable to
cardiovascular diseases and for mortality attributable to all other causes. Model 1

examining mortality attributable to cardiovascular diseases shows that those born to
teenage mothers have mortality that is 19% higher than those born to mothers aged 25-

29, while those born to older mothers do not suffer from any clear disadvantage.

However, in regards to paternal age, being born to a younger or an older father is

disadvantageous. Those born to teenage fathers have a hazard of mortality attributable
to cardiovascular diseases that is 23% higher than those born to fathers aged 25-29,
while those born to fathers aged 55 or older have a hazard of mortality that is 15%
higher. In Model 2, however, it can again be seen that increasing maternal age is

associated with lower mortality. Model 2 also shows that being born to an older father is

associated with lower mortality up to age 35-39, at which point the decline in mortality

levels off. The results from models interacting parental age at the time of birth with
parental birth cohort are shown in Figure 4(b). Those models show that the main effects

of declining mortality with increasing parental age are consistent amongst children born
to parents of the three birth cohorts that we examine.

The results from Models 1 and 2 for mortality attributable to all other causes are also

shown in Table 3. These results show that being born to both a younger or an older
mother is associated with increased mortality, while the same is true for being born to a

younger or an older father. The results from Model 2, however, again show that being
born to an older mother or father is associated with lower mortality.

Survival Analyses: Within-family Sibling Comparisons

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 the

sibling group that might confound the relationship between parental age at the time of
birth and offspring mortality in adulthood. To attempt to minimise this residual
confounding we estimate sibling comparison models, which adjust for all time-invariant
factors that are shared by siblings. Table 4 shows the results from Models 3 and 4 for all-

cause mortality and mortality attributable to neoplasms, while Table 5 shows the results

from Models 3 and 4 for mortality attributable to cardiovascular diseases and all other

remaining causes. These results are also shown in Figures 5(a) and 5(b). Note that a

hollow datapoint indicates a lack of statistical significance, and a filled datapoint

indicates that the point estimate is statistically significant. Model 3 adjust for birth

order, giving what we describe as the total effect of parental age at the time of birth,
while Model 4 adjust for birth order as well as birth year, giving what we describe as the
partial effect of parental age.

*** Figure 5 Approximately Here ***
The results from Model 3 for all-cause mortality, presented in Table 4 and Figure 5(a),

show that the relationship between maternal age at the time of birth and all-cause is flat

up to age 35-39, which is where the vast majority of births take place. However,

individuals born to mothers aged 40-44 have mortality that is 7% higher, and

individuals born to mother aged 45 or older have mortality that is 15% higher than

individuals born to mothers aged 25-29, though these estimates are not statistically

significant. An increase in mortality of 7% is approximately equivalent to an e30 8
months shorter in comparison to those born to women aged 25-29 when applied to a

Swedish life table from 2007. This difference in remaining life expectancy at age 30 is

slightly larger than seasonal differences in mortality observed in Austria (Doblhammer
and Vaupel, 2001). Although the 15% increase in mortality associated with being born
to a mother aged 45 or older is larger, this is only experienced by a very small fraction of

the population. The results for paternal age show that being born to teenage father is
associated with a 14% increase in the hazard of mortality, but that increasing paternal
age is associated with a monotonic decrease in offspring longevity up to age 54, at which

point there is a small increase. For the most part this decline in mortality is statistically

significant. These results indicate that delaying childbearing to older ages has few if any
negative consequences for the children of the vast majority of women, and that when

men delay childbearing to older ages they actually decrease mortality amongst their
children.

*** Table 4 Approximately Here ***
Table 4 and Figure 5(a) also present the results from analyses examining the
relationship between parental age at the time of birth and mortality attributable to
neoplasms. In Model 3 it is clear that increasing maternal age is not associated with an

substantive or statistically significant change in mortality attributable to neoplasms,
even at the oldest ages. The results for paternal age are similar to the results for all-

cause mortality in that they show a clear monotonic decline in mortality for individuals

born to older fathers, and that this decline is generally statistically significant. The

results from models estimating the relationship between parental age at the time of

birth and mortality attributable to cardiovascular diseases can also be seen in Table 4
and Figure 5(a). As with the results for neoplasms, increasing maternal age is not
associated with any meaningful change in the mortality attributable to cardiovascular

diseases amongst the offspring. The results for paternal age show that being born to a
teenage father is associated with a hazard of mortality 36% higher than the reference
category, but those born to older fathers generally have lower mortality from

cardiovascular diseases. The results for mortality attributable to all other causes shows

an increase in mortality with increasing maternal age and that this is statistically

significant, while increasing paternal age is not associated with any great change in the
hazard of mortality from other causes of death.

*** Table 5 Approximately Here ***
The results from Model 4 for all-cause mortality are shown in Table 4 and Figure 5(b).

Model 4 includes control variables for the birth year of the index person using

individual-year dummy variables. As stated in the statistical methods section of this

manuscript, we advise caution in the interpretation 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: controlling away the benefit of being
born into a later birth year means that being born at a later parental age is associated
with worse mortality outcomes. The results for all-cause mortality show an increase in

mortality with increasing maternal age at the time of birth, and this increase is generally

statistically significant. Relative to individuals born to mothers aged 25-29, those born
to women aged 40-44 had a hazard of mortality 15% higher. This pattern is also

consistent across the results from the models examining cause-specific mortality; in

each case, mortality amongst the offspring increases with increasing maternal age after

age 25-29. The results for paternal age do not show any statistically significant results

for all-cause mortality of the cause-specific mortality analyses. For all-cause mortality

the point estimates are flat between ages 20-24 and 45-49, and being born at a later
point in time is not associated with lower mortality as it was in Model 3, shown in Figure
5(a).

The reader will note that all of our analyses are based upon a pooled analysis of men and

women. We tested for an interaction between gender and parental age at the time of

birth, and found that there was no statistically significant interaction. We have plotted
the estimates from these models and they are shown in the Supplementary Information,
in Figures S1 to S3.

Discussion

This study has shown that, after taking into account the benefits of being born into a

later birth year with lower rates of mortality, in 20th century Sweden postponing
fatherhood increased longevity for the offspring, and postponing motherhood had no

negative effect. 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 focused upon isolating the effect of parental age net of potential
confounding factors. This study advances 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. We argue that our approach towards understanding the relationship
between parental age and offspring mortality represents the most accurate portrayal of

that experience from the perspective of any individual mother and father. That is,
mothers who delayed childbearing to older ages did not increase the mortality of their

children, and fathers who delayed to older ages increased the longevity of their children.
While certain risks increase with fertility postponement, such as involuntary

childlessness, these results indicate that childrens’ longevity increases when

childbearing is postponed. Although we focus on mortality over ages 30 to 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.

As shown in Figure 1, life expectancy at birth has been increasing consistently since at
least 1900 across a wide range of countries that are today classified as developed.

Although increases in life expectancy at birth were primarily driven by declines in infant

and child mortality in the early part of the 20th century, the more recent improvements
have been driven by declines at older ages. As a consequence, we argue that it is

extremely plausible that the results that we observe in this study generalize 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 generalize to other contexts, only that life expectancy should be

increasing. When life expectancy is increasing, delaying childbearing or continuing

childbearing at older ages means that those children will on average live longer than if

parents had given birth at an earlier age. As Figure 1 shows, mean age at childbearing
for women has also been increasing since the 1970s across a wide range of countries,

and the results of our study suggest that, at least in relation to adult mortality, this

increase in the age at childbearing should not have any negative consequences for
population health.

Considering the consequences of these findings, it may be noted that they have

implications for inequality in society more broadly. Indeed, it is possible that these
secular improvements in health and longevity are contributing further to the diverging

destinies of the children of high socioeconomic and low socioeconomic status parents
(McLanahan, 2004). On average, higher maternal age is associated with higher
socioeconomic status. If we take two women born in 1950, one of whom comes from a
low socioeconomic status background and gives birth at age 20, and the other of whom

comes from a high socioeconomic status background and gives birth at age 40, even net

of the difference in the socioeconomic resources of these two women, the child of the
higher SES mother would be expected to live longer. In turn, that means that from a

parental cohort perspective, the socioeconomic disparities in the health and longevity of

children are likely to be even greater than has previously been documented.
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 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 lifecourse perspective and considering
macro-level trends. Not only are the children of teenage parents disadvanted for the all

the reasons well enunciated 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 mortality over
the period 1990-2012 for cohorts born 1938-1960. 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. While we would argue that the declines in age-adjusted
all-cause and cause-specific mortality (see Figure 2) make it clear that our findings are

not limited to the cohorts and ages that we study, we have not been able to empirically
evaluate our research question outside of the age range 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 differ when it is possible to study

these birth cohorts to extinction. Furthermore, many of our analyses are based upon
within-family sibling comparisons. As we describe in the data section, this means that

our analytical sample is much lower than the size of the full population for those birth

cohorts, as the statistical method requires selection upon sibling groups with more than
one child, and where at least one sibling has died between 1990 and 2012. Nevertheless,

we have also conducted our analyses using data on the full population for whom we can

obtain data on parental age at the time of birth, and 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 highest period life expectancies may have 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 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 that it applies to cohorts born after 1960, and for cohorts who are born today.

Although increases in life expectancy do not always translate directly into increases in

healthy life expectancy, healthy life expectancy has also been improving over time

(Salomon et al., 2013), suggesting the delaying childbearing to older ages translates into
real improvements in the life conditions of the offspring.

Although we have primarily considered the benefits associated with delaying

childbearing to older ages, it is also important to reflect on potential disadvantages.

From the perspective of parents, delaying childbearing to older ages will on average

mean that lifespan overlap with their children will be shorter. While a desire to convey

as much advantage as possible to children would be natural, this also has to be
counterbalanced with wanting to spend more of one’s life with one’s children.

Furthermore, 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 might have a negative effect on opportunities and life chances.
Nevertheless, similar population-level improvements over time are also observed in

other domains, including education and cognitive ability (Myrskylä et al., 2013; Barclay
and Myrskylä, 2016). Future research on advancing parental age would benefit from

combining the traditional microperspective with the macro-perspective outlined in this

study that acknowledges the potential benefits of being born at a later date.
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Figures

FIGURE 1. Mean Age at Childbearing Amongst Women, and Life Expectancy at Birth for
Men and Women Combined in Various Developed Countries, 1900-2014 Dependent
Upon Data Availability. Note: Life Expectancy at Birth in Germany Refers to West
Germany. Sources: Human Fertility Database and Human Mortality Database.

FIGURE 2. Age-adjusted Period Mortality Rates for Major Causes of Death for Swedish
Men and Women, 1990-2012. Sources: Socialstyrelsen [Swedish National Board of
Health and Welfare] (2007, 2014).

FIGURE 3. All-cause Mortality for Swedish Men and Women by Parental Birth Cohort:
Full 1938-1960 Cohort; Between-family Analysis of Maternal and Paternal Age at the
Time of Birth.

(a) Mortality Attributable to Neoplasms

(b) Mortality Attributable to Cardiovascular Diseases
(c)
FIGURE 4. Cause-specific Mortality for Swedish Men and Women by Parental Birth
Cohort: Full 1938-1960 Cohort; Between-family Analysis of Maternal and Paternal Age
at the Time of Birth.

(a) Results from Model 3 for Total Effect of Parental Age

(b) Results from Model 4 for Partial Effect of Parental Age
FIGURE 5. Maternal and Paternal Age at the Time of Birth and Mortality Attributable to
All-causes, Neoplasms, Cardiovascular Diseases, and All Remaining Other Causes for
Swedish Men andWomen Born 1938-1960. Error Bars are 95% Confidence Intervals.
Note: Hollow Data Points Indicate Lack of Statistical Significance, While Filled Data
Points Indicate That the Point Estimate is Statistically Significant.

Tables
TABLE 1. Descriptives: Full Cohort and Sibling Sample for Swedish Men and Women
Born 1938-1960 Full Cohort Sibling Sample
Maternal Age

Paternal Age

Sex

Birth Order

Birth Year
Mother Vital Status
Father Vital Status

15-19
20-24
25-29
30-34
35-39
40-44
45+
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55+
Male
Female
1
2
3
4
5
6
7+
1938-1944
1945-1949
1950-1954
1955-1960
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead

Person-time (%)
3.9
23.1
30.5
23.8
13.7
4.6
0.4
0.6
11.1
26.1
27.6
19.3
10.0
3.8
1.1
0.3
50.8
49.2
47.4
31.5
12.9
4.8
1.9
0.8
0.7
26.3
25.1
22.5
26.2
58.4
0.3
41.2
0.1
36.8
0.5
62.6
0.2

Deaths
6,323
36,523
46,777
37,259
22,057
7,694
695
1,015
17,384
40,611
42,940
30,531
16,189
6,391
1,836
431
95,679
61,649
79,301
47,293
18,915
6,994
2,789
1,119
917
75,165
41,874
23,645
16,644
54,886
352
101,941
149
27,547
528
128,920
333

Rate (10-4)
3.2
3.1
3.0
3.1
3.2
3.3
3.4
3.2
3.1
3.1
3.1
3.1
3.2
3.3
3.4
2.9
3.7
2.5
3.3
3.0
2.9
2.9
2.9
2.8
2.8
5.7
3.3
2.1
1.3
1.9
2.1
4.9
4.3
1.5
2.2
4.1
3.7

Person-time (%)
3.2
21.1
29.7
25.2
15.3
5.1
0.4
0.4
9.1
24.0
27.4
21.0
11.7
4.6
1.4
0.4
52.6
47.4
27.6
32.5
20.0
10.2
4.9
2.4
2.4
34.7
29.5
20.8
15.0

Deaths
4,815
29,210
37,134
27,387
14,193
4,125
305
675
13,234
32,207
33,097
21,922
10,697
3,955
1,091
291
71,414
45,755
47,277
40,743
17,544
6,797
2,773
1,118
917
52,726
33,118
19,506
11,819

Rate (10-4)
19.9
18.2
16.4
14.3
12.2
10.5
9.2
21.8
19.2
17.6
15.8
13.7
12.0
11.2
10.5
10.6
17.8
12.7
22.5
16.4
11.5
8.7
7.4
6.2
5.0
19.9
14.8
12.3
10.4

TABLE 2. Full Cohort Between-family Analyses of Swedish Men and Women Born 19381960: All-cause Mortality and Mortality Attributable to Neoplasms Over the Period
1990-2012.
Maternal Age

Paternal Age

Sex

Birth Order

Sibling Group Size

Birth Interval
Maternal Education

Paternal Education

Mother Vital Status
Father Vital Status
N
Deaths

15-19
20-24
25-29
30-34
35-39
40-44
45+
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55+
Male
Female
1
2
3
4
5
6
7+
1
2
3
4
5
6
7+

Primary (< 9 years)
Primary (9 years)
Secondary (10-11 years)
Secondary (12 years)
Tertiary (13-15 years)
Tertiary (15+ years)
Post-graduate
Missing
Primary (< 9 years)
Primary (9 years)
Secondary (10-11 years)
Secondary (12 years)
Tertiary (13-15 years)
Tertiary (15+ years)
Post-graduate
Missing
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead

All-cause Mortality
Model 1
Model 2
RR
95% CI
RR
95% CI
1.13 1.10-1.17 1.22 1.18-1.25
1.05 1.03-1.07 1.10 1.08-1.11
1.00
1.00
1.00 0.99-1.01 0.93 0.91-0.94
1.02 1.00-1.04 0.88 0.86-0.90
1.05 1.02-1.08 0.86 0.83-0.89
1.07 0.99-1.16 0.86 0.79-0.93
1.13 1.06-1.21 1.20 1.12-1.28
1.05 1.03-1.07 1.08 1.06-1.10
1.00
1.00
0.98 0.97-1.00 0.92 0.91-0.94
0.99 0.97-1.01 0.87 0.85-0.89
1.00 0.98-1.02 0.84 0.82-0.87
1.03 1.00-1.07 0.86 0.83-0.88
1.04 0.98-1.09 0.85 0.80-0.89
1.07 0.97-1.18 0.85 0.77-0.94
1.00
1.00
0.66 0.65-0.66 0.66 0.65-0.66
1.00
1.03 1.02-1.05
1.08 1.05-1.10
1.06 1.03-1.10
1.11 1.06-1.16
1.12 1.05-1.20
1.20 1.11-1.30
1.16 1.14-1.18
1.00
0.97 0.96-0.98
0.99 0.98-1.01
1.04 1.01-1.06
1.02 0.98-1.05
1.02 0.99-1.06
1.00 1.00-1.00
1.06 1.04-1.08
1.04 1.00-1.08
1.00
0.98 0.96-1.01
0.95 0.91-1.00
0.93 0.89-0.97
0.96 0.86-1.07
1.14 1.12-1.17
1.04 1.03-1.06
0.96 0.94-0.99
1.00
0.95 0.91-1.00
0.85 0.81-0.89
0.87 0.83-0.91
0.87 0.65-1.16
1.10 1.08-1.13
1.00
1.07 0.96-1.20
1.33 1.32-1.35
1.14 0.96-1.35
1.00
1.28 1.17-1.40
1.28 1.26-1.30
1.33 1.19-1.49
1,899,314
1,899,314
157,328
157,328

Neoplasms
Model 1
Model 2
RR
95% CI
RR
95% CI
1.08 1.03-1.13 1.13 1.08-1.18
1.03 1.01-1.06 1.06 1.03-1.08
1.00
1.00
1.00 0.98-1.02 0.94 0.92-0.97
0.98 0.95-1.01 0.88 0.85-0.91
1.01 0.97-1.06 0.87 0.83-0.92
1.00 0.88-1.13 0.85 0.75-0.96
1.08 0.98-1.20 1.12 1.01-1.24
1.02 0.99-1.05 1.04 1.01-1.07
1.00
1.00
1.00 0.97-1.02 0.95 0.93-0.97
0.99 0.97-1.02 0.91 0.88-0.93
1.00 0.97-1.04 0.89 0.86-0.92
1.03 0.98-1.08 0.90 0.86-0.95
0.99 0.91-1.07 0.86 0.79-0.93
1.03 0.88-1.20 0.88 0.75-1.03
1.00
1.00
1.07 1.05-1.08 1.06 1.05-1.08
1.00
1.04 1.01-1.06
1.08 1.04-1.12
1.04 0.99-1.09
1.09 1.02-1.17
1.13 1.02-1.25
1.31 1.16-1.47
1.08 1.06-1.11
1.00
0.97 0.95-0.99
0.99 0.96-1.02
1.02 0.99-1.06
0.99 0.95-1.05
1.02 0.97-1.08
1.00 1.00-1.00
1.03 1.01-1.06
0.98 0.94-1.02
1.00
0.92 0.85-1.00
0.86 0.79-0.93
0.88 0.82-0.95
0.90 0.58-1.40
1.11 1.07-1.15
1.03 1.00-1.06
1.01 0.96-1.08
1.00
0.97 0.93-1.01
0.94 0.88-1.00
0.93 0.88-0.99
0.95 0.80-1.13
1.10 1.06-1.13
1.00
1.16 0.97-1.39
1.17 1.15-1.20
1.27 1.00-1.61
1.00
1.00 0.85-1.17
1.14 1.11-1.17
1.10 0.92-1.31
1,899,314
1,899,314
66,246
66,246

TABLE 3. Full Cohort Between-family Analyses of Swedish Men and Women Born 19381960: Mortality Attributable to Cardiovascular Diseases and Mortality Attributable to All
Other Causes Over the Period 1990-2012.
Maternal Age

Paternal Age

Sex

Birth Order

Sibling Group Size

Birth Interval
Maternal Education

Paternal Education

Mother Vital Status
Father Vital Status
N
Deaths

15-19
20-24
25-29
30-34
35-39
40-44
45+
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55+
Male
Female
1
2
3
4
5
6
7+
1
2
3
4
5
6
7+

Primary (<9 years)
Primary (9 years)
Secondary (10-11 years)
Secondary (12 years)
Tertiary (13-15 years)
Tertiary (15+ years)
Post-graduate
Missing
Primary (< 9 years)
Primary (9 years)
Secondary (10-11 years)
Secondary (12 years)
Tertiary (13-15 years)
Tertiary (15+ years)
Post-graduate
Missing
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead
Alive, In Sweden
Outmigrated
Dead
Outmigrated, and Dead

Vascular Diseases
Model 1
Model 2
RR
95% CI
RR
95% CI
1.19 1.13-1.26 1.28 1.21-1.36
1.07 1.04-1.10 1.13 1.09-1.16
1.00
1.00
1.00 0.97-1.03 0.91 0.88-0.94
1.01 0.97-1.05 0.83 0.79-0.86
1.01 0.96-1.07 0.78 0.74-0.84
0.97 0.82-1.14 0.72 0.61-0.85
1.23 1.09-1.39 1.35 1.19-1.53
1.07 1.03-1.11 1.13 1.09-1.17
1.00
1.00
0.97 0.94-1.00 0.88 0.85-0.91
1.00 0.97-1.04 0.83 0.80-0.86
1.01 0.97-1.06 0.79 0.75-0.83
1.07 1.00-1.14 0.81 0.76-0.87
1.07 0.97-1.18 0.80 0.73-0.89
1.15 0.95-1.39 0.83 0.69-1.01
1.00
1.00
0.37 0.36-0.38 0.37 0.36-0.38
1.00
0.95 0.92-0.99
0.96 0.92-1.01
0.95 0.89-1.01
0.98 0.90-1.08
0.85 0.74-0.98
0.91 0.78-1.07
1.20 1.16-1.23
1.00
0.99 0.96-1.02
1.04 1.00-1.08
1.09 1.04-1.15
1.14 1.07-1.22
1.16 1.09-1.24
1.00 1.00-1.00
1.10 1.06-1.14
0.93 0.88-0.98
1.00
0.94 0.84-1.05
0.81 0.73-0.91
0.84 0.75-0.94
0.96 0.51-1.79
1.18 1.13-1.23
1.15 1.10-1.19
1.08 0.99-1.17
1.00
0.99 0.93-1.05
0.96 0.88-1.05
0.88 0.80-0.96
0.92 0.71-1.18
1.28 1.23-1.34
1.00
0.74 0.55-0.98
1.53 1.49-1.57
1.01 0.69-1.46
1.00
1.51 1.23-1.84
1.52 1.47-1.57
1.50 1.18-1.91
1,899,314
1,899,314
39,325
39,325

All Remaining Causes
Model 1
Model 2
RR
95% CI
RR
95% CI
1.16 1.10-1.22 1.28 1.22-1.35
1.06 1.03-1.08 1.12 1.09-1.15
1.00
1.00
1.00 0.97-1.02 0.92 0.89-0.94
1.07 1.04-1.11 0.92 0.88-0.95
1.12 1.07-1.18 0.91 0.86-0.96
1.25 1.10-1.42 0.98 0.86-1.11
1.12 1.00-1.25 1.19 1.06-1.32
1.06 1.02-1.09 1.10 1.06-1.13
1.00
1.00
0.98 0.95-1.00 0.92 0.89-0.94
0.97 0.94-1.00 0.85 0.82-0.88
0.98 0.95-1.02 0.83 0.79-0.86
1.02 0.96-1.07 0.83 0.79-0.88
1.07 0.98-1.16 0.86 0.79-0.94
1.06 0.90-1.24 0.83 0.70-0.98
1.00
1.00
0.51 0.50-0.52 0.51 0.50-0.52
1.00
1.10 1.07-1.14
1.17 1.12-1.21
1.20 1.14-1.27
1.25 1.16-1.35
1.36 1.21-1.52
1.34 1.18-1.53
1.23 1.20-1.27
1.00
0.96 0.94-0.98
0.97 0.94-1.00
1.01 0.97-1.05
0.95 0.89-1.01
0.93 0.87-0.99
1.00 1.00-1.00
1.02 0.99-1.05
0.96 0.92-1.01
1.00
1.00 0.92-1.08
0.85 0.79-0.92
0.87 0.80-0.94
0.79 0.48-1.29
1.04 1.00-1.08
1.04 1.01-1.08
1.05 0.99-1.12
1.00
0.99 0.95-1.04
0.97 0.91-1.04
0.95 0.89-1.01
0.99 0.83-1.18
1.11 1.07-1.15
1.00
1.17 0.98-1.39
1.42 1.38-1.45
1.07 0.79-1.46
1.00
1.46 1.27-1.68
1.31 1.28-1.35
1.54 1.27-1.85
1,899,314
1,899,314
51,757
51,757

TABLE 4. Sibling Population Within-family Comparison Analyses of Swedish Men and
Women Born 1938-1960: All-cause Mortality and Mortality Attributable to Neoplasms
Over the Period 1990-2012.
Maternal Age

Paternal Age

Sex

Birth Order

Birth Year

N
Deaths

15-19
20-24
25-29
30-34
35-39
40-44
45+
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55+
Male
Female
1
2
3
4
5
6
7
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

All-cause Mortality
Model 3
Model 4
RR
95% CI
RR
95% CI
1.01 0.94-1.08 0.96 0.90-1.04
0.98 0.95-1.01 0.96 0.92-0.99
1.00
1.00
1.00 0.97-1.03 1.02 0.99-1.06
1.00 0.95-1.06 1.06 0.99-1.13
1.07 0.98-1.17 1.15 1.04-1.28
1.15 0.95-1.39 1.27 1.04-1.56
1.14 0.99-1.31 1.09 0.94-1.26
1.02 0.98-1.06 1.00 0.95-1.04
1.00
1.00
0.99 0.96-1.02 1.02 0.98-1.05
0.96 0.91-1.01 1.00 0.94-1.07
0.92 0.86-1.00 0.99 0.91-1.09
0.90 0.81-1.00 0.99 0.88-1.13
0.81 0.69-0.95 0.92 0.77-1.10
0.87 0.67-1.12 1.01 0.77-1.33
1.00
1.00
0.64 0.63-0.66 0.65 0.63-0.66
1.00
1.00
0.99 0.97-1.01 1.00 0.98-1.03
1.01 0.97-1.04 1.03 0.99-1.07
0.98 0.93-1.03 1.01 0.95-1.07
1.00 0.94-1.08 1.05 0.97-1.13
0.99 0.90-1.10 1.04 0.94-1.16
1.09 0.97-1.23 1.16 1.02-1.31
1.00
1.03 0.97-1.08
0.99 0.94-1.04
0.95 0.90-1.01
0.98 0.92-1.04
0.98 0.91-1.05
0.97 0.90-1.05
0.93 0.86-1.02
0.94 0.86-1.03
0.90 0.81-1.00
0.89 0.79-0.99
0.87 0.77-0.99
0.88 0.77-1.00
0.91 0.79-1.05
0.84 0.72-0.97
0.83 0.71-0.97
0.83 0.70-0.98
0.81 0.68-0.97
0.83 0.69-1.00
0.78 0.64-0.95
0.76 0.62-0.93
0.72 0.58-0.89
0.75 0.59-0.94
319,749
319,749
117,169
117,169

Neoplasms
Model 3
Model 4
RR
95% CI
RR
95% CI
0.99 0.89-1.10 0.93 0.83-1.04
0.98 0.93-1.03 0.94 0.89-1.00
1.00
1.00
0.99 0.94-1.04 1.03 0.98-1.09
0.96 0.88-1.04 1.04 0.94-1.15
1.00 0.88-1.15 1.14 0.98-1.33
0.94 0.70-1.26 1.11 0.81-1.52
1.22 0.98-1.52 1.14 0.91-1.43
1.03 0.96-1.09 0.99 0.93-1.06
1.00
1.00
0.96 0.91-1.01 1.00 0.94-1.05
0.90 0.83-0.98 0.97 0.89-1.07
0.85 0.76-0.96 0.96 0.84-1.11
0.83 0.70-0.97 0.97 0.80-1.17
0.74 0.58-0.94 0.91 0.69-1.19
0.79 0.53-1.16 1.00 0.66-1.52
1.00
1.00
1.11 1.08-1.14 1.11 1.08-1.14
1.00
1.00
0.99 0.96-1.02 1.01 0.97-1.05
1.01 0.96-1.07 1.05 0.98-1.12
0.97 0.90-1.06 1.03 0.93-1.13
1.02 0.91-1.14 1.09 0.96-1.23
1.08 0.93-1.25 1.16 0.99-1.37
1.26 1.05-1.50 1.38 1.14-1.68
1.00
0.98 0.90-1.06
0.95 0.88-1.03
0.93 0.85-1.01
0.95 0.86-1.05
0.96 0.86-1.07
0.92 0.82-1.04
0.87 0.76-0.99
0.87 0.75-1.00
0.86 0.74-1.01
0.83 0.70-0.99
0.79 0.66-0.95
0.78 0.64-0.96
0.78 0.63-0.97
0.72 0.57-0.90
0.71 0.55-0.90
0.72 0.56-0.93
0.69 0.53-0.91
0.73 0.55-0.97
0.64 0.48-0.87
0.64 0.46-0.88
0.57 0.40-0.80
0.63 0.44-0.90
140,601
140,601
49,776
49,776

TABLE 5. Sibling Population Within-family Comparison Analyses of Swedish Men and
Women Born 1938-1960: Mortality Attributable to Cardiovascular Diseases and
Mortality Attributable to All Other Causes Over the Period 1990-2012.
Maternal Age

Paternal Age

Sex

Birth Order

Birth Year

N
Deaths

15-19
20-24
25-29
30-34
35-39
40-44
45+
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55+
Male
Female
1
2
3
4
5
6
7
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

Vascular Diseases
Model 3
Model 4
RR
95% CI
RR
95% CI
0.97 0.84-1.12 0.90 0.78-1.06
0.99 0.92-1.06 0.95 0.88-1.03
1.00
1.00
0.99 0.93-1.06 1.04 0.96-1.12
0.98 0.87-1.10 1.07 0.94-1.23
0.91 0.76-1.10 1.05 0.85-1.30
0.98 0.64-1.51 1.18 0.74-1.85
1.36 1.00-1.84 1.28 0.94-1.74
1.01 0.93-1.10 0.97 0.89-1.07
1.00
1.00
1.04 0.97-1.11 1.08 1.00-1.16
1.05 0.94-1.17 1.14 1.00-1.30
1.05 0.90-1.24 1.19 0.98-1.45
0.96 0.76-1.20 1.13 0.87-1.48
0.87 0.63-1.20 1.07 0.74-1.56
0.90 0.54-1.51 1.18 0.67-2.06
1.00
1.00
0.34 0.33-0.36 0.34 0.33-0.35
1.00
1.00
0.89 0.85-0.93 0.92 0.87-0.97
0.86 0.80-0.93 0.91 0.84-1.00
0.80 0.72-0.90 0.87 0.77-0.99
0.82 0.71-0.95 0.90 0.77-1.07
0.68 0.56-0.83 0.76 0.61-0.95
0.74 0.58-0.94 0.84 0.65-1.10
1.00
1.00 0.90-1.12
0.98 0.88-1.10
0.86 0.76-0.97
0.91 0.80-1.03
0.90 0.78-1.04
0.86 0.73-1.01
0.83 0.70-1.00
0.82 0.68-1.00
0.74 0.60-0.92
0.77 0.61-0.97
0.72 0.56-0.93
0.74 0.56-0.97
0.79 0.59-1.05
0.72 0.52-0.98
0.66 0.48-0.92
0.66 0.46-0.94
0.63 0.43-0.91
0.73 0.49-1.08
0.71 0.47-1.09
0.64 0.41-1.00
0.52 0.33-0.83
0.56 0.34-0.92
83,578
83,578
28,938
28,938

All Remaining Causes
Model 3
Model 4
RR
95% CI
RR
95% CI
1.07 0.95-1.20 1.06 0.93-1.20
0.99 0.93-1.05 0.99 0.92-1.05
1.00
1.00
1.01 0.95-1.07 1.01 0.94-1.08
1.09 0.99-1.20 1.09 0.97-1.22
1.28 1.10-1.49 1.27 1.06-1.52
1.62 1.17-2.24 1.60 1.13-2.27
0.93 0.73-1.19 0.92 0.72-1.17
1.02 0.95-1.09 1.01 0.94-1.09
1.00
1.00
1.00 0.95-1.06 1.00 0.94-1.07
0.96 0.87-1.05 0.96 0.86-1.07
0.92 0.80-1.05 0.91 0.77-1.07
0.97 0.81-1.17 0.96 0.77-1.21
0.90 0.68-1.19 0.89 0.65-1.23
1.08 0.68-1.72 1.08 0.65-1.78
1.00
1.00
0.48 0.46-0.49 0.48 0.46-0.49
1.00
1.00
1.08 1.03-1.12 1.07 1.02-1.12
1.12 1.05-1.20 1.11 1.03-1.19
1.14 1.04-1.26 1.13 1.01-1.25
1.15 1.02-1.31 1.13 0.98-1.30
1.22 1.03-1.44 1.19 0.99-1.42
1.23 1.00-1.52 1.20 0.95-1.50
1.00
1.10 0.99-1.22
1.03 0.93-1.15
1.06 0.95-1.19
1.09 0.97-1.23
1.09 0.96-1.25
1.16 1.01-1.34
1.12 0.96-1.31
1.15 0.97-1.36
1.07 0.89-1.29
1.08 0.88-1.31
1.12 0.91-1.39
1.15 0.92-1.45
1.24 0.97-1.59
1.10 0.85-1.43
1.15 0.87-1.52
1.14 0.85-1.53
1.12 0.82-1.52
1.06 0.76-1.47
1.05 0.74-1.47
1.00 0.70-1.44
1.05 0.72-1.53
1.05 0.70-1.56
126,747
126,747
38,455
38,455

Supplementary Information

FIGURE S1. Maternal and Paternal Age at the Time of Birth and All-cause Mortality for
Swedish Men and Women Born 1938-1960. Error Bars are 95% Confidence Intervals.
Note: Hollow Data Points Indicate Lack of Statistical Significance, While Filled Data
Points Indicate That the Point Estimate is Statistically Significant.

FIGURE S2. Maternal and Paternal Age at the Time of Birth and Mortality Attributable to
Neoplasms for Swedish Men and Women Born 1938-1960. Error Bars are 95%
Confidence Intervals. Note: Hollow Data Points Indicate Lack of Statistical Significance,
While Filled Data Points Indicate That the Point Estimate is Statistically Significant.

FIGURE S3. Maternal and Paternal Age at the Time of Birth and Mortality Attributable to
Cardiovascular Diseases for Swedish Men and Women Born 1938-1960. Error Bars are
95% Confidence Intervals. Note: Hollow Data Points Indicate Lack of Statistical
Significance, While Filled Data Points Indicate That the Point Estimate is Statistically
Significant.

FIGURE S3. Maternal and Paternal Age at the Time of Birth and Mortality Attributable to
All Other Causes for Swedish Men and Women Born 1938-1960. Error Bars are 95%
Confidence Intervals. Note: Hollow Data Points Indicate Lack of Statistical Significance,
While Filled Data Points Indicate That the Point Estimate is Statistically Significant.

