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Abstract

The association between advanced maternal and paternal ages at birth and increased mortality 

among adult offspring is often attributed to parental reproductive ageing, e.g., declining oocyte or 

sperm quality. Less attention has been paid to alternative mechanisms, including parental socio-

demographic characteristics or the timing of parental death. Moreover, it is not known if the 

parental age-adult mortality association is mediated by socioeconomic attainment of the children, 

or if it varies over the lifecourse of the adult children. We used register-based data drawn from the 

Finnish 1950 census (sample size 89,737; mortality follow-up 1971–2008) and discrete-time 

survival regression with logit link to analyze these alternative mechanisms in the parental age-

offspring mortality association when the children were aged 35–49 and 50–72. Consistent with 

prior literature, we found that adult children of older parents had increased mortality relative to 

adults whose parents were aged 25–29 at the time of birth. For example, maternal and paternal 

ages 40–49 were associated with mortality odds ratios (ORs)of 1.31 (p<.001) and 1.22 (p<.01), 

respectively, for offspring mortality at ages 35–49. At ages 50–72 advanced parental age also 

predicted higher mortality, though not as strongly. Adjustment for parental socio-demographic 

characteristics (education, occupation, family size, household crowding, language) weakened the 

associations only slightly. Adjustment for parental survival, measured by whether the parents were 
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alive when the child reached age 35, reduced the advanced parental age coefficients substantially 

and to statistically insignificant levels. These results indicate that the mechanism behind the 

advanced parental age-adult offspring mortality association is mainly social, reflecting early 

parental loss and parental characteristics, rather than physiological mechanisms reflecting 

reproductive ageing.
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INTRODUCTION

Advanced maternal and paternal ages at birth are associated with a range of negative 

offspring health outcomes. For example, the risk of developing Down syndrome, childhood 

cancer, and autism has been found to increase with maternal and/or paternal age (Durkin et 

al. 2008; Yip, Pawitan and Czene 2006), and a recent review stated that “[p]arental age has 

been shown to be a major factor, if not the most important factor, in producing variability in 

offspring” (Liu, Zhi and Li 2011). Less is known about the relationship between parental 

age and the outcomes of adult offspring. However, the existing literature suggests that being 

born to an older mother or father has severe long-term health consequences, including an 

increased risk of developing cancer (Yip et al. 2006), Alzheimer’s disease (Rocca et al. 

1991), and diabetes (Gale 2010).

This study focuses on the effects of parental age on the mortality of adult children, as prior 

research has shown a strong association between advanced maternal and paternal ages and 

adult offspring mortality. Gavrilov and Gavrilova (2012) compared 198 U.S.-born 

centenarians to their siblings, and found that, relative to being born to a mother aged above 

25, being born to a mother younger than age 25 doubled the odds of living to 100. Kemkes-

Grottenthaler (2004) analyzed 17th–19th century German data and found that, compared to 

being born to a mother aged 20–29, being born to a mother aged 40–49 was associated with 

a 8.9 years shorter lifespan for daughters and 5.2 years shorter lifespan for sons. An analysis 

of a 1966 birth cohort in Finland found that 14% of deaths up to age 39 were attributable to 

advanced paternal age (Miller et al. 2010).

These associations between parental ages and offspring mortality and the continued 

postponement of fertility to older ages have prompted some scholars to question how old is 

too old to have children, and whether fertility at older ages should be discouraged (Bray, 

Gunnell and Davey Smith 2006; Heffner 2004). It has been suggested that women and men 

should be better informed about the risks associated with bearing children at older ages 

(Benzies 2008). Before policy recommendations are made, however, more research is 

needed that examines the robustness of and the mechanism behind the advanced parental 

age-offspring health association.

First, much of the evidence linking advanced parental age to increased adult mortality comes 

from small samples and historical populations that are not representative of national 

populations (Gavrilov and Gavrilova 2012; Kemkes-Grottenthaler 2004; Smith et al. 2009). 
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Two recent studies using representative U.S. (Myrskylä and Fenelon 2012) and Canadian 

(Hubbard, Andrew and Rockwood 2009) survey data found little evidence that advanced 

maternal age is associated with the health or mortality of adult children, and a study of 320 

French centenarians found no association between parental age and offspring longevity 

(Robine et al. 2003). These studies were, however, limited, as they analyzed maternal age 

only (Myrskylä and Fenelon 2012), used small samples (Robine et al. 2003), or focused only 

on the oldest adults (ages 100+ in Robine et al. 2003; ages 65+ in Hubbard et al. 2009).

Second, much of the discussion on the advanced parental age-offspring health association 

stresses physiobiological interpretations that focus on parental reproductive ageing 

(Armstrong 2001; Durkin et al. 2008; Gale 2010; Kemkes-Grottenthaler 2004; Kong et al. 

2012; Schmid et al. 2007). On the maternal side, explanatory models are based on declining 

fecundity and the increased probability of obstetric and perinatal complications (Heffner 

2004; Tarín, Brines and Cano 1998). The decline in fecundity starts in the late twenties and 

early thirties (American Society for Reproductive Medicine 2003), and is related to the 

accumulation of DNA damage in germ cells (Kaytor et al. 1997) and decreasing oocyte 

quality (Armstrong 2001). These processes have been central to the discussion of the links 

between advanced maternal age and offspring health. On the paternal side, reproductive 

ageing refers to a decrease in the quality and quantity of the male sperm. Fathers are 

responsible for most of the new mutations in the human gene pool, and both DNA damage 

and the number of mutations increase with age in male sperm (Schmid et al. 2007). For 

example, Gavrilov and Gavrilova (2000) speculate that their finding that daughters, but not 

sons, born to older fathers have a decreased lifespan could be attributed to the fact that only 

daughters inherit the paternal X chromosome, which, among older fathers, may carry 

mutations that decrease longevity.

We propose that in addition to reproductive ageing, selection by parental socioeconomic 

status (SES), differences in the age at which the child loses the parent(s), and the child’s 

own socioeconomic attainment may help to explain the advanced parental age-offspring 

mortality association. These explanations are occasionally touched upon in the existing 

literature, but their contributions to the parental age-offspring mortality association have 

rarely been the subject of direct analysis. These alternative mechanisms may, however, be 

integral to the parental age–offspring mortality association.

First, parental SES is associated with adult health (Hayward and Gorman 2004). If late 

parental ages correlate with low childhood SES, social selection may explain some of the 

relationship between advanced parental age and decreased offspring health. Today, older 

parents have more resources than younger parents (Bray et al. 2006). There is, however, no 

evidence that advanced parental ages were positively associated with SES in the 17th to 

early 20th centuries, the periods studied in most previous analyses. Thus, ignoring parental 

SES may bias the results.

Second, the age at which a child loses the parent(s) to death is systematically related to 

parental age: ceteris paribus, a child born to a 40-year-old mother can expect to lose the 

parent at an age that is 20 years younger than that of a child born to a 20-year-old mother. 

Parental loss at a young age influences a range of later-life outcomes, from education and 
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own socioeconomic status to health and longevity (Case, Paxson and Ableidinger 2004), 

with the likely mechanism being the truncated intergenerational transfer of social and 

economic resources. The age at which a child loses a parent may also be a proxy for shared 

family longevity, or frailty.

Third, the parental age-offspring mortality association may be indirect, being mediated by 

own socioeconomic attainment. Advanced parental ages are linked to decreased cognitive 

ability (Malaspina et al. 2005; Saha et al. 2009). This may predict decreased adult 

socioeconomic attainment, which would have negative health consequences (Cutler, Deaton 

and Lleras-Muney 2006).

We use a large Finnish sample that is representative of the national population to analyze 

how maternal and paternal ages are associated with offspring mortality at young adult ages 

(35–49 years) and older adult ages (50–72 years). Our contribution is threefold. First, we use 

a large, nationally representative sample to study the association between both maternal and 

paternal age and adult offspring mortality. Second, we analyze the contribution of 

alternative social mechanisms associated with parental socio-demographic characteristics: 

the age at which the child loses the parent(s), and the child’s own socioeconomic attainment 

in the parental age-offspring mortality association. Third, we stratify the analysis by the age 

of the offspring, which helps to further shed light on the mechanisms involved. At ages 35–

49, external causes and alcohol-related causes are comparatively important, whereas in the 

age group 50–72, cardiovascular diseases and cancers play a bigger role. We analyze 

maternal and paternal ages separately and simultaneously because they are highly correlated 

(Ní Bhrolcháin 2001) and may confound each other.

We hypothesize that parental survival is potentially important variable linking parental age 

to offspring mortality and may capture differences in intergenerational transfers or familial 

health. We are not able to measure these mechanisms directly because of a lack of data, but 

we can test whether parental survival helps to explain the parental age-adult offspring 

mortality association. If this is found to be the case, then the association may be less related 

to parental reproductive ageing, and more related to factors that operate after birth. 

Moreover, we study the importance of the intergenerational transfers mechanism by 

analyzing whether the parental survival coefficients are sensitive to controls for the child’s 

attained socioeconomic status.

DATA AND METHODS

Sample description

Our analyses are based on a 10% sample of households drawn from the 1950 Finnish Census 

of Population (Statistics Finland 1997). All of the individuals in this original sample have 

been linked by Statistics Finland to census and death records beginning in 1970 using 

unique person identifiers. Individuals who died or moved out of the country (mainly to 

Sweden) between 1950 and 1970 cannot be linked to the 1970 census and are not included 

in the analysis. After 1970, about 99% of the records are linked to both census and death 

records. The prospective mortality follow-up begins at the end of 1970 and ends on 

December 31, 2007.
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The data for 1950 contain family identifiers which allow us to reconstruct families. We infer 

who are the children and who are the parents within a family by using information on the 

within-family age structure and the relationship of family members to the household head. 

We include in our analysis individuals aged 0–14 at the time of the 1950 census (sample size 

N=116,622). We exclude children who were known to have died before age 35 (N=1,001), 

and those who were not present in the 1970 or subsequent censuses (N=15,065, mostly 

people who had out-migrated). We exclude cases for which the maternal age was below 14 

or above 50, or the paternal age was below 14 or above 65 (N=364); those living in single-

parent families, because the age of the other parent is unknown (N=7,729); and those with 

missing information on independent variables (N=2,726). Our final sample consists of 

89,737 persons aged 0–14 in 1950.

Variables

The dependent variables are time to death observed at ages 35–49 (middle-aged adults) and 

50–72 (older adults). Mortality is followed up to to 31 December 2007, at which point the 

observations are censored. The key independent variables are maternal and paternal ages, 

which are defined as the ages of the mother and father (in years) at the time of the child’s 

birth. These are calculated from the child’s date of birth and the parents’ dates of birth. The 

categories for maternal age are 14–19, 20–24, 25–29 (reference group), 30–34, 35–39, and 

40–49. We use the same categories for paternal age, but with an extra 50–65 age group.

The other independent variables are parental socio-demographic characteristics, parental 

survival, and the child’s socio-demographic characteristics. From the 1950 census, we 

obtain the parents’ dates of birth and gender, as well as a rich set of socioeconomic 

characteristics, including social class, education, household crowdedness, family size, and 

language spoken at home. We measure the family’s social class by the father’s occupation, 

assigning it to one of the following categories: professional/administrative occupations, 

agricultural and other workers, large and small farmers (threshold of 10 hectares), and 

others. As an additional measure of SES, we include parental education coded as the highest 

level of schooling of the father or the mother (less than primary, primary, beyond primary). 

We control for household crowdedness, measured by the number of persons per heated room 

in the dwelling, the language spoken at home (Finnish versus Swedish), and the number of 

children below age 18 in the household in 1950 (1, 2–3, and 4+).

Information on parental survival is calculated based on the 1970 and subsequent censuses 

and death records. Specifically, we use an indicator of whether the parent was alive at the 

time when the child was age 35, the age at which our mortality follow-up begins. This 

indicator, which is constructed separately for mothers and fathers, is crude, but the data do 

not allow for more refined measures because information on mortality between the years 

1950–1970 is not available. Nevertheless, this measure captures important variations in 

parental survival (see results section).

The child’s birthday and gender also come from the 1950 census, whereas his/her 

socioeconomic and other characteristics are obtained from the 1970 census and later 

censuses when the child was 25–34 years of age (98% of these characteristics are measured 

at ages 30–34). These attributes include educational attainment (years), marital status (never 
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married, married, separated/divorced/widowed), home ownership (yes/no), and whether 

there were any children in the household.

Statistical models

We use discrete time survival models with one-year time intervals and logit link to estimate 

the associations between parental age and offspring mortality at ages 35–49 and 50–72. We 

made this model choice over alternatives such as Cox proportional hazards regression 

because the Cox model does not easily lend itself to mediation analysis, whereas the discrete 

time survival models with logit link does. We estimate four models for each age group 

separately for maternal and paternal ages, and one model that includes the ages of both 

parents. We use the method by Karlson, Holm and Breen (KHB method; Karlson, Holm and 

Breen 2012, Breen, Karlson, Holm 2013) and the Stata command khb (Kohler, Karlson, and 

Holm 2011) to estimate the amount of maternal and paternal age coefficients is mediated by 

own socioeconomic attainment and parental death.

Model 1 estimates the association between parental ages (separate models for maternal and 

paternal ages) and mortality, and adjusts only for the child’s year of birth, sex, and annual 

period effects. We do not control for age, as everybody enters the risk group at the same age. 

Model 2 adds parental socioeconomic characteristics to Model 1 to investigate the 

confounding influence of parental SES. Model 3 adds offspring’s own SES to Model 2 to 

examine whether the parental age-offspring mortality association is mediated by own 

socioeconomic attainment. Model 4 adds parental survival to Model 3. Model 5 adds 

controls for the other parent’s age at birth to Model 4, and allows us to test whether the 

parental age coefficients are confounded by the other parent’s age.

We tested the proportional odds assumption for parental age by testing the significance of 

the interaction between parental age and time in models 2 and 4, which are the two key 

models. The tests did not indicate any deviations from proportionality. We further tested 

whether the parental age coefficients would change if we added time interactions for all 

other variables in Models 2 and 4. The parental age coefficients changed only marginally. 

All of the models account for the clustering of siblings within families by using a robust 

variance-covariance estimator.

RESULTS

Descriptive analyses

Of the total sample of 89,737 persons, 23% were born to mothers under age 25, 52% to 

mothers aged 25–34, and 25% to mothers aged 35 or above (Table 1). The children were, on 

average, born in 1944, and there was little variation in birth year by maternal age. Close to 

half of the sample (48%) were female, and this proportion varied very little by maternal age. 

Ten percent of the sample were born to fathers under age 25, 50% to fathers aged 25–34, 

and 40% to fathers aged 35 and above. Maternal and paternal ages were strongly correlated 

with a linear correlation coefficient 0.72 (p<.001).

During the follow-up, 11,582 persons (12.9%) in the sample died. Mortality has a U-shaped 

association with parental age, as the proportion dead was lowest for those with maternal 
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ages of 20–34, and highest for those with maternal ages of 35 and above. Among those with 

paternal ages below 20 or above 40, 15 % and 14%, respectively, died during the follow-up; 

of those with paternal ages of 20–39, only 13% died during the follow-up (not shown).

In 15% of the families, the parents had less than primary school education, 74% had primary 

school education, and 11% had education beyond primary school. Parental education 

correlated negatively with maternal age. For example, in the maternal age group 25–29, 11% 

had less than primary school education, but in the maternal age group 40–49, 35% had less 

than primary school education. The data on other parental characteristics also suggest that 

advanced parental age was associated with socioeconomic deprivation. In 1950, those 

individuals whose mothers were above age 35 at birth lived in larger and more crowded 

households and in lower-SES families than those individuals born to mothers aged 20–34. 

The differences were similar for paternal age (not shown). Some of these associations 

between family socioeconomic characteristics and parental age may reflect cohort 

differences; to account for this, we control for the year of the child’s birth.

At age 35, about 82% of the children had a living mother, 60% had a living father, and 51% 

had two living parents. These proportions declined sharply as the age of the mother at birth 

increased: among children born to mothers aged 25–29, about 59% had living parents at age 

35, but only 19% of children born to mothers aged 40–49 had living parents at this age.

Individuals born to mothers aged 20–34 had the highest level of schooling at ages 30–34, 

which suggests an inverse relationship between maternal age and child’s socioeconomic 

attainment. The proportions of offspring who married and had children decreased as 

maternal age at birth increased. The proportion who owned their homes was, however, 

stable over maternal ages 25–49. These associations were largely similar for paternal age 

(not shown).

Regression analyses

Table 2 presents the results from the regression analyses for the offspring age group 35–49, 

and Table 3 presents the results for the age group 50–74.

Mortality at ages 35–49—Model 1 shows that both young and old maternal ages at birth 

are associated with excess offspring mortality. Compared to maternal ages 25–29 (reference 

category), the mortality odds ratios (ORs) for maternal ages 14–19, 35–39, and 40–49 are 

1.26 (p<.05), 1.17 (p<.01), and 1.31 (p<.001), respectively. The associations are similar for 

paternal ages: paternal ages 14–19, 40–49, and 50–64 have ORs of 1.29 (p<.05), 1.21 (p<.

001), and 1.28 (p<.05), respectively.

Model 2 adds parental SES to Model 1. The mortality odds ratios for parental characteristics 

are in the expected direction: children with more educated parents have lower mortality than 

those with less educated parents. The impact of these controls on the advanced parental age 

coefficients is, however, modest. For example, maternal ages 35–39 and 40–49 continue to 

be significantly associated with mortality (ORs 1.14, p<.05 and 1.25, p<.001, respectively), 

and paternal ages above 40 continue to be associated with excess mortality.
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Model 3 adds own socioeconomic attainment to Model 2. The mortality odds ratios show 

that higher educational attainment, home ownership, being married, and having children in 

the household are associated with lower mortality. These controls partially explain the 

advanced parental age odds ratios: for maternal ages 35–39 and 40–49 they are now 1.11 

(p<.05) and 1.18 (p<.05), respectively; and for paternal ages 40–49 and 50–72 they are now 

1.10 (p<.05) and 1.11 (p<.10), respectively. The ORs for young parental age are also 

weakened. A fraction of the advanced parental age-mortality association appears to be 

explained by the child’s attained SES and family formation.

Model 4 provides a test of whether parental survival explains the parental age-offspring 

mortality association. Mortality odds at ages 35–49 is 20–25% lower among those who had 

a mother or a father alive at the start of the follow-up relative to those who did not. The 

magnitude of these differences is comparable to the mortality difference between the highest 

and lowest parental education levels. The impact of controlling for parental survival on the 

advanced parental age coefficients is strong: the ORs drop in magnitude and lose statistical 

significance for both maternal and paternal ages. For example, the ORs for maternal ages 

35–39 and 40–49 are now 1.04 and 1.06 (p>.10 for both), respectively; and for paternal ages 

40–49 and 50–65, they are 0.99 and 0.95 (p>.10 for both), respectively.

Model 5 adds the other parent’s age to Model 4. The results are similar to those obtained 

with Model 4. The other parent’s age does not appear to confound the parental age-offspring 

mortality association.

We used the KHB method to estimate formally what fraction of the statistically significant 

advanced maternal and paternal age coefficients obtained with Model 2 is mediated through 

own SES and through parental survival. The KHB method estimates these fractions from the 

Model 4 that includes own SES and parental survival as covariates; for details of the 

method, see Karlson, Holm and Breen (2012). The results showed that although own SES 

matters, the majority of the mediation is via parental survival. For example, of the odds ratio 

1.14 (p<.01) for maternal age 35–39 in Model 2, in total 70% was mediated, with 19% going 

through own SES (all variables referring to own SES combined) and 51% through parental 

survival (sum of the mediation through maternal survival and paternal survival). Of the odds 

ratio 1.25 (p<.001) for maternal age 40–49 in Model 2, 19% was mediated through own SES 

and 55% through parental survival, with total mediation fraction being 73%. For paternal 

ages 40–49 and 50–64 the odds ratios 1.18 (p<.01) and 1.22 (p<.05) were fully mediated, 

with approximately a third of the mediation going through own SES and two thirds through 

parental survival.

We also estimated additional models that included parental survival variables but not own 

socioeconomic status (not shown). Comparison if the parental survival coefficients in this 

model to those obtained when own SES is controlled (Model 4) sheds light on whether 

parental survival influences the parental age-offspring mortality association via 

intergenerational transfers that might be reflected in own socioeconomic attainment, or via 

other mechanisms. The difference in parental survival coefficients across these models was 

approximately 20–25%, suggesting that intergenerational transfers may be only a part of the 

mechanism that ties offspring survival to the age of the parents when the child was born.
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Mortality at ages 50–72—Table 3 shows the results for offspring mortality at ages 50–

72. The results are qualitatively similar to those obtained for mortality at ages 35–49, with 

the main difference being that the unadjusted associations for parental age are weaker. For 

both age groups, advanced parental age is associated with higher offspring mortality (Model 

1); this association is partially explained by parental SES (Model 2; the coefficients become 

marginally significant); and the associations vanish completely when own SES (Model 3) 

and parental survival (Model 4) are controlled for. Controlling for the other parent’s age 

(Model 5) does not change these results. None of the parental age coefficients were 

statistically significant (p<.05) in Model 2 so we did not conduct formal mediation analysis 

for these effects.

Sensitivity analyses

We tested our key result—i.e., that net of parental characteristics and parental survival, 

advanced parental age is not associated with increased offspring mortality—against several 

robustness checks. First, the result was robust to changes in the categorization of parental 

ages, or to using quadratic form for parental ages. Second, we detected no significant sex 

interaction with parental age. Third, we conducted our analyses separately for one-child and 

for larger families. This approach indirectly controls for fecundity as large families were the 

norm when our sample was born. The results were similar for one-child and larger families, 

suggesting that infecundity is not an important confounder.

We also considered alternative methods for estimating the amount of parental age effects 

that is mediated by own SES and parental survival. In particular, we estimated accelerated 

failure time models with Gompertz distribution using the R package eha (Broström 2014) 

and the procedure described by Broström and Edvinsson (2013) for the mediation analysis. 

The results were similar to the ones reported here: advanced maternal and paternal ages are 

associated with increased mortality in particular at age 35–50; a small fraction of this is 

mediated by own SES and a large fraction by parental survival.

DISCUSSION

We used a large register-based sample drawn from the Finnish census of 1950 to analyze the 

contributions of social mechanisms such as parental survival up to offspring’s age 35, 

parental socioeconomic characteristics, and offspring’s own SES in the association between 

maternal and paternal ages and offspring mortality at ages 35–49 and 50–72. We found that 

children born to older parents (mother or father aged 35 or above) had excess mortality 

when compared to those born to parents aged 25–29. The association was particularly strong 

for offspring mortality at ages 35–49, but it was also present at ages 50–72. Controls for 

parental socioeconomic characteristics explained 15–30% of the association. Adding 

controls for parental survival until the child reached age 35 rendered these associations 

insignificant for both advanced maternal and paternal ages. A formal mediation analysis 

confirmed that although both own socioeconomic attainment and parental survival mediate 

the impact of advanced parental age on mortality, the main mechanism is through parental 

survival. These results suggest that selection by parental socioeconomic characteristics and 

factors related to the age at which the child loses his/her parents contribute significantly to 
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the parental age-offspring mortality association, and do not support the idea that biological 

aging of the reproductive system is the main explanation for this association.

The results were similar for both maternal and paternal ages. Given the large sex differences 

in reproductive ageing—for example, the average age of the last menstrual period for 

women is around 50 (Kato et al. 1998), while for men there is no biological limit for 

becoming a father—differences in the results by maternal age versus paternal age might 

have been expected if reproductive ageing had been the driving force. The similarities 

between the maternal and the paternal age associations also suggest that other factors than 

biological aging, in particular social mechanisms, are more important.

The key difference in the results for mortality at ages 35–49 and 50–72 was that the 

unadjusted association between advanced parental age and offspring mortality was weaker at 

older ages. Thus, the controls that explained the advanced parental age-offspring mortality 

association—parental SES and parental survival—were more important for mortality at ages 

35–49 than at ages 50–72. This was also reflected in the mortality odds ratios associated 

with parental SES and parental survival. For example, the protective effects of parental 

education and parental survival were found to be approximately 50% smaller at ages 50–72 

than at ages 35–49. The finding that parental SES explains some of the advanced parental 

age-offspring mortality association can be attributed to the patterning of parental SES with 

parental age. Although older parents today tend to have above-average socioeconomic status 

and resources (Bray et al. 2006), in Finland in the early 20th century this pattern was 

reversed, with older parents having the lowest level of schooling, as was shown by our 

descriptive statistics.

The survival of the parents until the child reached age 35 was found to be more important 

than parental socioeconomic characteristics in explaining the association between advanced 

parental age and offspring mortality. Although our measure of parental survival was crude, it 

nevertheless captured important variations in parental survival associated with the parents’ 

ages at the birth of the child. The mechanisms through which parental survival beyond the 

birth of the child may influence the parental age-offspring health association are twofold, 

and may have two opposing effects.

First, parental survival may be a proxy for shared frailty within the family. The lifespans of 

parents and their children are correlated. It is also possible that long-lived parents have 

children at older ages than their shorter-lived peers. These correlations could confound the 

advanced parental age-offspring mortality association. Late reproduction may also signal 

age-independent problems in fecundity. Fecundity problems may be correlated with the 

general level of health. If some portion of poor health status is heritable—that is, if frailty is 

shared within the family—such correlations would confound the parental age-offspring 

health association. There is, however, no direct evidence that shared frailty would be 

connected to the aging of the reproductive system that is often hypothesized to be the 

primary explanation for the association between parental age at birth and offspring health.

Second, parental survival may also be a proxy for parental investments in their children. 

Parental survival is correlated with parental age. Other factors being held constant, a child 
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born to a 20-year-old mother will, on average, lose the mother at an age 20 years older than 

that of a child born to a 40-year-old mother. Thus, parental survival may be correlated with 

intergenerational transfers (e.g. time spent with homework and education, or financial 

transfers in early adulthood), and these transfers may contribute to the association between 

parental age and offspring mortality. To investigate more closely these two mechanisms 

(i.e., shared family frailty versus intergenerational transfers), we tested for the 

socioeconomic transfer mechanism by adjusting the regressions with the child’s own 

socioeconomic attainment, which is at least partially a function of parental investments 

(results not shown). This control explained only 20–25% of the coefficients for parental 

survival. This result suggests that an important share of the observed protective association 

for parental survival may be related to factors other than intergenerational transfers; these 

may include shared family frailty, as discussed above.

Our results are consistent with several recent studies that have examined parental age effects 

on offspring health. Myrskyla and Fenelon (2012) analyzed the U.S. Health and Retirement 

Study, and found that, net of maternal education and maternal survival, the association 

between advanced maternal age and offspring adult mortality is weak. Hubbard et al. (2009) 

analyzed the health and mortality of Canadian 20th century cohorts, and found no maternal 

age effects on mortality. Robine et al. (2003) found no association between parental age and 

the probability of surviving to age 100. Westendorp and Kirkwood (2001), in an analysis of 

British historical aristocracy, also failed to find maternal age effects on longevity. Smith et 

al. (2009) analyzed the Utah Population Database, which consists mostly of people of the 

Mormon faith, and found that maternal ages above 35 were associated with an 8% increase 

in adult mortality for sons; but this association, while statistically significant, was small in 

terms of magnitude.

Pre-birth selection may partially explain the weak association between parental age and 

offspring adult health and mortality. The force of selection is by far strongest in utero. This 

selection—spontaneous abortions and stillbirths—increases with maternal age (de La 

Rochebrochard and Thonneau 2002). This maternal age-dependent quality control may 

partially explain why mortality differences among adults by parental age are small.

Our results pertain to a population with moderately high fertility and rapidly declining 

mortality. The analyzed cohorts were born between 1936 and 1950. During 1936–1944 

Finnish total fertility rate fluctuated between 2 and 2.5, and for the period 1945–1950 

following the second world war increased to above 3 (Statistics Finland 2013). Some of the 

earlier results on parental age and offspring mortality were obtained from high-fertility 

populations in which mortality advances were modest (e.g., Kemkes-Grottenthaler 2004) 

and it is possible that in such contexts the associations differ from those observed in modern 

populations. Within our data, however, the results were not cohort-specific, as the key result 

– that net of parental survival and parental socio-demographic characteristics, parental age 

does not predict offspring mortality – was obtained in cohorts that were born before, during, 

or after the second world war (results not shown).

Our analytical sample size was 89,737 persons, and the data selection process resulted in us 

losing 26,885 of the original sample of 116,622. Of these 16,066 were excluded because 

Myrskylä et al. Page 11

Soc Sci Med. Author manuscript; available in PMC 2015 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



they died or had moved out of the country before age 35. Of the remaining 10,819 persons 

that were excluded the majority, 7,729, were excluded because they had only one parent 

present in the 1950 census. Only 3,090, or less than 4%, were excluded because of missing 

data or very high or low parental age. Thus the analyzed sample of 89,737 persons is largely 

representative of the population that was aged 0–14 and resided in Finland in 1950 and was 

alive in Finland at age 35.

Our findings are not inconsistent with the studies that have shown that older mothers have 

worse birth outcomes than younger mothers in terms of, for example, higher probability of 

malformations or chromosomal abnormalities (Andersen et al. 2000). There are, however, 

two reasons why these negative birth outcomes generally have only a small effect on 

population-level adult mortality. First, these conditions are rare. The incidence of Down 

Syndrome, the most common chromosomal abnormality, is only about 1% at maternal age 

40 (Trimble, Baird and Opitz 1978). Consequently, the population-level impact on health by 

individuals whose mothers were 40 years old when they were born cannot be large. The 

same applies to several other conditions (schizophrenia, bipolar affective disorder, 

childhood cancer) that have been linked to advanced parental age as their prevalence is not 

high. Second, life expectancy for those with poor initial health is lower than for those with 

good initial health, which results in a healthier sample of adults. For example, in the 1940s 

life expectancy with Down Syndrome was 12 years (Bittles et al. 2007). Thus early selection 

may drive some of the differences between our results that focus on adult ages and those that 

focus on earlier outcomes.

Limitations of the study

First, our data do not allow us to definitively address what parental survival proxies. Our 

analyses nevertheless clearly show the importance of parental survival on the advanced 

parental age-offspring adult mortality association, and suggest that the association reflects 

factors other than reproductive ageing. Second, we were not able to analyze the impact of 

changing parental characteristics. Powell et al. (2006) suggested that older parents transmit 

more economic and social resources to their children than younger parents. These positive 

factors may offset some of the negative effects induced by reproductive ageing. Third, we 

did not cover child and early adult mortality, for which the associations between parental 

age and mortality may be stronger than for older ages. Additional insights may be obtained 

from future research that focuses on younger ages. Fourth, we could not include birth order 

in the models because siblings who had died or moved out of the family before the census 

date of 1950 are not included in the data. This omission does not render our findings invalid 

because birth order is positively associated with both parental age and adult mortality 

(Modin 2002). Therefore not controlling for birth order results in an upward bias in the 

advanced parental age coefficients and our models are more likely to over- than 

underestimate the association between advanced parental age and offspring adult mortality. 

Thus, it is unlikely that advanced parental age would emerge as a predictor of increased 

mortality if we could control for birth order. Finally, our study focused on all-cause 

mortality. It is possible that the associations with parental age could be different for specific 

causes of death for which physiological or biological pathways are particularly important. 

Further studies should analyze more specific outcomes.
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In summary, this analysis suggests that advanced maternal and paternal ages are not 

associated with increased mortality for the offspring at adult ages after parental 

socioeconomic status and parental survival are controlled for. Instead, in our study 

population, a representative sample of Finnish cohorts born in 1936–1950, the association 

was shown to be driven by factors related to parental survival until the child reached age 35, 

and by older parents having lower socioeconomic attainment. The parental socioeconomic 

difference is indicative of confounding, whereas the parental survival mechanism could 

signal shared within-family frailty or truncated intergenerational transmission of 

socioeconomic resources. While we were able to measure intergenerational transfers only 

indirectly via the child’s socioeconomic attainment, the results still suggested that only a 

fraction of this mechanism is related to such transfers. Moreover, with secular declines in 

mortality, the role of intergenerational transfers may further decrease as the risk of early 

parental loss decreases. These results suggest that the causal impact of being born to an 

older mother or father on adult mortality is not large. However, our findings focus on a 

population born before the use of modern assisted reproductive technologies (ART) or 

prenatal screening, both of which may change the parental age–offspring adult health 

association by allowing less fecund couples to reproduce and by screening for less fit 

fetuses. The balance of these opposing two processes on the parental age-offspring health 

should be the focus of later studies.
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Research highlights

• We study whether social selection or parental survival explains the higher adult 

mortality of those born to older parents.

• Analyzing a Finnish 1936–1950 birth cohort, we find that the excess adult 

mortality is explained by early parental loss.

• The results do not support the idea that reproductive ageing is responsible for 

the association.

• The timing of parental loss is likely to reflect both within-family frailty and 

intergenerational transfers.

• With increasing longevity, the population-level importance of early parental loss 

on offspring adult mortality may decline.
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