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ABSTRACT: We examine the effects of reproduction on longevity among mothers and fathers af
ter age 60. This study is motivated by evolutionary theories of aging and theories predicting so
cial benefits and costs of children to older parents. We use the Utah Population Database, that 
includes a large genealogical database from the U tah Family History Library. Cox proportional 
hazard models based on 13,987 couples married between 1860-1899 indicate that women with 
fewer children as well as those bearing children late in life live longer post-reproductive lives. As 
the burdens of motherhood increase, the relative gains in longevity of late fertile women increase 
compared to their non-late fertile counterparts. Husbands’ longevity is less sensitive to reproduc
tive history, although husbands have effects that are similar to those of their wives during the 
latter marriage cohort. We find some support for predictions based on evolutionary principles, 
but we also find evidence that implicates a role for shared marital environments.

INTRODUCTION

Childbearing and child rearing affect 
the lives of parents. It is well known that 
childbirth has significant health effects on 
mothers during their childbearing years 
(National Research Council, 1989). While 
numerous studies demonstrate the effects 
of female reproductive history on cancer 
and heart disease mortality, far less is 
known about the influences of fertility 
patterns on the longevity of mothers and 
fathers who survive their reproductive 
years. Interest in this question has in
creased recently as a result of work by 
evolutionary biologists and biodemogra
phers (Westendorf and Kirkwood, 1998; 
Rose, 1997; Vaupel et al., 1998). In de
scribing the field of biodemography and 
its links to evolutionary concepts, Vaupel 
et al., (1998) recently noted that “It is 
reproductive success that is optimized 
[through natural selection], not longevity.

Deeper understanding of survival at older 
ages thus hinges on intensified research 
into the interactions between fertility and 
longevity.” We suggest, therefore, that it 
is important for demographers to examine 
the association between fertility history 
and post-reproductive aging, particularly 
from the perspective of both evolutionary 
and social theories (Wachter and Finch,
1997).

We revisit the issue of fertility and 
post-reproductive longevity in light of 
two recent developments. First, evolu
tionary biologists and biodemographers 
have recently argued that female fertility 
patterns in various species, including hu
mans, may be useful markers for rates of 
biological aging (Kirkwood and Rose, 
1991; Vaupel et al., 1998). A reexamina
tion of the association between human fe
male fertility and longevity is therefore 
warranted based on evolutionary theories 
of aging. Second, family demographers
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and sociologists have long argued that 
children may serve as assets (especially 
in agricultural and pre-industrial settings) 
when children are young and, as adults, 
these children may also provide social 
and economic support to their middle- 
aged and elderly parents (Wolf, 1994). 
The presence of children may therefore 
play an important role in providing 
health-enhancing social support to their 
older parents. In an effort to evaluate the 
contributions stemming from both theo
retical orientations (which yield similar 
predictions in some cases while differing 
in others), we examine the effects of 
childbearing and child survival on the 
longevity of mothers and fathers.

There are few sources of information 
that provide extensive reproductive as 
well as survival information across the en
tire life course of mothers and fathers for 
a well-defined population. A promising 
approach for the study of fertility and 
parental longevity has been to use ge
nealogies. Many of the earliest fertility- 
longevity studies using such data relied on 
small samples or selected family lineages. 
We employ the Utah Population Database 
(UPDB), a large, heterogeneous genealog
ical database. The UPDB is derived from 
records maintained by the Utah Family 
History Library in the Church of Jesus 
Christ of Latter-day Saints (LDS or Mor
mon). These records have been enhanced 
through links to vital records and for 
many years span a period of history where 
natural fertility conditions prevail.

BACKGROUND

Early Studies of Fertility and 
Post-Reproductive Longevity

The first scientific investigations of 
female fertility and post-reproductive

longevity occurred at the turn of the cen
tury (Beeton et al., 1900; Powys, 1905; 
Bell, 1918). Freeman (1935) and Dorn 
and McDowell (1939) later considered 
the positive association between female 
fertility and longevity and confirmed 
these earlier findings that the average 
number of children bom was positively 
associated with age at death among 
women. Neither report offered a priori 
predictions about the positive fertility- 
longevity association except to suggest a 
form of positive selection for women: ini
tially robust women have more children 
and robust women live longer. They also 
acknowledged, however, that increasing 
fertility may place a “tax on the vitality” 
of women who bear many children which 
might lead to a negative association be
tween fertility and longevity. These ear
lier studies examined the association be
tween completed fertility and longevity 
but did not consider other aspects of fer
tility such as age at first and last birth, nor 
did they consider how reproduction may 
affect male longevity.

Fertility, Longevity, and 
Evolutionary Biology

Demographers have only recently intro
duced perspectives from evolutionary biol
ogy in their analyses of aging and mortal
ity (Carnes and Olshansky, 1993; Wachter 
and Finch, 1997). A number of interesting 
research issues have been stimulated by 
such work. Wachter (1997), for example, 
argued that demographers may be moti
vated to use evolutionary concepts to 
enhance their understanding of the bio
logical limits of longevity as developed 
societies appear to be approaching human 
life-span maximums.

Evolutionary biology provides a po
tentially useful addition to demographic 
analyses of the inter-relationships between
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fertility and longevity. We introduce a brief 
set of fundamental ideas within evolu
tionary biology. Evolutionary theory ar
gues that there are trade-offs that each 
organism makes between investing re
sources into somatic or physical growth 
and investing in reproduction (Kirkwood, 
1977; Lycett et al., 2000). The general 
problem is framed as an optimization is
sue where cach species is trying to maxi
mize their reproductive success within the 
species’ prevailing mortality constraints. 
The idea of a trade-off between reproduc
tion and longevity is called the disposable 
soma theory (Kirkwood, 1977; Kirkwood 
and Rose, 1991). This theory predicts 
that, for females, young age at first birth 
and high parity will be associated with a 
shorter post-reproductive life span be
cause early or high levels of fertility exact 
high physical (somatic) costs to such 
mothers which, in turn, shorten their lives.

Why might such trade-offs exist? 
Williams’ classic work (1957) advanced an 
antagonistic pleiotropy theory of senes
cence to address this question. Pleiotropy 
refers to genes that have more than one 
function such as having one function at 
one age and another at a later age. In par
ticular, genes that enhance reproductive 
capacity will be preserved through nat
ural selection but these same genes may 
accumulate at later ages, perhaps proving 
to be deleterious to post-reproductive sur
vival. If deleterious effects of such genes 
occur late in life (i.e., post-menopausal) 
and the beneficial effects occurring early 
in life are favored by natural selection, 
then survival may be determined by se
lection for fertility-related traits. This 
theory also predicts that early and higher 
levels of fertility should be associated 
with shorter life spans of mothers, a pre
diction consistent with disposable soma 
theory.

As these evolutionary concepts sug
gest, genes deleterious to reproduction 
will be eliminated through natural selec
tion and, given the inability of natural 
selection to eliminate late-acting (post
menopausal) deleterious genes, we should 
see an increase in mortality rates follow
ing the cessation of reproduction as 
measured by age at natural menopause or 
age at last birth. Several evolutionary sci
entists (Hamilton, 1966; Charlesworth, 
1980; Kirkwood and Rose, 1991) have 
therefore theorized that forces that pro
long the period during which female re
production occurs will postpone aging 
and increase female longevity. This line 
of reasoning suggests that increasing ages 
at last birth among females should be as
sociated with greater post-reproductive 
female longevity.

This body of work leads to three spe
cific hypotheses:

HI: As age at first birth increases, 
post-reproductive parental longevity 
increases.

H2: As the number of children de
creases, post-reproductive parental 
longevity increases.

H3: As the age at last birth increases, 
post-reproductive parental longevity 
increases.

The empirical evidence on humans is 
mixed for these predictions. Westendorf 
and Kirkwood (1998) reported that 
women listed in genealogies of the 
British aristocracy who survived to age 
60 died earlier if they had higher parity 
and a younger age at first birth compared 
to women with fewer children and later 
ages at first birth. With contemporary 
data from England and Wales (1971-96) 
and Austria (1981-1982), Doblhammer 
(2000) reported that women lived some
what longer if they had few children and
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if their age at first birth occurred after age 
20. Friedlander (1996) found that parous 
women had lower survivorship than 
nulliparous women, and among parous 
women, those with higher parity lived 
shorter lives than those with lower parity. 
Beral (1985) reported that parous women 
had lower overall survival than nullip
arous women, primarily because of an el
evated risk of circulatory diseases, find
ings consistent with those of Kvale et al., 
(1994). Conversely, some investigators 
(Lund et al., 1990; Green et al., 1988) re
ported that nulliparous women have lower 
survival than their parous counterparts. 
Bideau (1986) concluded that women 
with extreme fertility (more than twelve 
children) enjoyed the best survival. Using 
data from the population register of Cana
dians in the seventeenth and eighteenth 
centuries, Le Bourg el al. (1993) could 
find no support for the predicted trade
offs between early “fecundity” (i.e., fer
tility) and later survival. In general, inves
tigations on the trade-offs between parity 
and post-reproductive longevity have not 
simultaneously considered the effects of 
late fertility.

A positive association has been re
ported between late female fertility (Peris 
et al., 1997; Doblhammer, 2000) or late 
menopause (Snowdon et al., 1989; 
Cooper and Sandler, 1998) and longevity. 
Another analysis found no such associa
tion after controlling for the effects of 
smoking history and socioeconomic status 
(Egan et al., 1997). Isolating the hypothe
sized longevity benefits attributable to late 
female fertility in humans is complicated 
by the fact that women bearing children 
at very late ages usually have higher par
ity when natural fertility patterns prevail. 
The few studies that have considered the 
longevity benefits of late female fertility

have not systematically analyzed the 
competing influences of high parity (see 
Snowdon et al., 1989, for an exception).

Effects on Parents of 
Social Support and the 

Cost of Children

Studies of fertility and post-reproductive 
longevity have often examined the role that 
childbearing plays in hormonal or evolu
tionary terms. Less attention has been 
given to the possibility that social rela
tionships between adult children and 
parents may influence parental post- 
rcproductive longevity. It is well estab
lished that individuals with greater access 
to social support have better health and 
lower levels of mortality (House, Landis, 
and Umberson, 1988; Ross, Mirowsky, 
and Goldsteen, 1990). After marriage 
partners, children are generally regarded 
as the most important component of an 
adult’s social and family network (Lye, 
1996; Logan and Spitze, 1996; Wolf, 
1994), although it is unclear whether adult 
children affect the longevity of their 
middle-aged and elderly parents. Adult 
children may affect the longevity of their 
parents but primarily when parents are 
seriously ill or elderly (Mancini and 
Blieszner, 1989; Silverstein and Bengston,
1991), particularly when adult daughters 
are present (Pearlin et al., 1995).

Assistance and resource exchange be
tween adult children and their parents 
flow in both directions but largely mi
grate from parents to children. When the 
flow of resources (social support and in
come) moves from children to parents, it 
is small for contemporary U.S. families 
(Hogan et al., 1993) as well as for pre
industrial societies (Lee, 1997; Kaplan, 
1994). If children receive more resources 
than they provide to their parents, then
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the “cost” of children to parents may 
serve to reduce parental longevity.

Are adult children constrained in their 
capacity to provide support for their ag
ing parents? These adult children arc 
themselves rearing offspring of their own. 
In this three-generational scenario, grand
children may serve to reducc the ability 
of children to provide support to grand
parents. Given that fertility patterns are 
“transmitted” across generations (Ander- 
ton et al., 1987), higher-parity parents 
will be more apt to have children who 
themselves will have higher parity, 
thereby limiting the children’s capacity to 
provide assistance to their parents. This 
argument suggests that during periods of 
natural fertility, parents with high parity 
will be adversely rather than beneficially 
affected since their own high-parity chil
dren will be devoting resources to their 
own childrearing.

Parents bearing their first children at 
younger ages are more likely to invest 
their limited economic resources to child 
rearing rather than to their own personal 
health, employment, or savings (Waldron 
et al., 1998; Hofferth, 1984). This logic 
suggests that individuals bearing children 
later in life, with other things being equal, 
would also experience adverse health con
sequences given the extended period of 
time over which the demands of child 
rearing would accumulate.

These social mechanisms suggest the 
following hypotheses:

H4: As age at first birth increases, post- 
reproductive parental longevity 
increases.

H5A: As the number of children in
creases, post-reproductive longevity 
increases (due to access to greater 
informal social support).

H5B: As the number of children in
creases, post-reproductive longevity 
decreases (due to wealth flows 
largely moving from parent to 
child; children are also high-parity 
themselves, thereby reducing their 
supportive capabilities).

H6: As the age at last birth increases, 
post-reproductive parental longevity 
decreases.

Hypotheses HI and H4 (age at first 
birth) as well as H2 and H5B (parity) 
make the same predictions although they 
invoke different mechanisms. Hypotheses 
H2 and H5A (parity) conflict as do hy
potheses H3 and H6 (late age at last 
birth). Accordingly, we are better able to 
assess the underlying forces that link 
longevity with either parity or late age at 
last birth than we are with respect to age 
at first birth.

Possible Confounding 
and Selection Mechanisms

Alternative processes may give rise to 
an association between fertility and post- 
reproductive longevity. We consider the 
role of initial health status, child mortality, 
religion, socioeconomic status (SES), and 
secular trends in fertility and mortality.

Some early investigators (Prows, 
1905; Dorn and McDowell, 1939) sug
gested that individuals have health char
acteristics that increase their chances of 
marriage, coital frequency, and bearing 
children, as well as reducing their risks of 
mortality. This position suggests that 
some women are more robust, leading to 
greater fecundity and longevity (see 
Samuelsson and Dehlin, 1993). We do 
not possess initial health status measures 
in our data to directly address this issue. 
This argument will be persuasive only if
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all of our fertility measures presumed to 
be associated with greater vitality and 
health (high parity, early age at first birth, 
late age at last birth) lead to an extended 
life span.

The role of fertility on post-reproductive 
longevity may be confounded when child
hood mortality rates are high. Two cou
ples with identical parity may be very 
different with respect to the number of 
surviving children and hence the effects 
of childrearing on subsequent parental 
mortality could also be very different. In 
addition, child deaths may be a marker 
for adverse environments experienced by 
mothers and hence can be viewed as a 
measure of early adult exposures that af
fect both parental mortality and fertility. 
We therefore include as a covariate the 
number of children who died before age 
18 for a given couple.

Religious affiliation may also promote 
an association between fertility and 
longevity. Couples committed to the LDS 
church are more likely to live longer (En- 
strom, 1978, 1989) and to have more 
children (Bean, Mineau, and Anderton, 
1990) than other couples. While the pop
ulation represented in the UPDB are 
genetically representative of western Eu
ropean populations, active Mormons gen
erally live longer because church-related 
activities and doctrine enhance social co
hesion and serve to reduce alcohol and 
tobacco consumption (Bush, 1993). For 
these reasons, we include a measure of 
the strength of LDS commitment in our 
analysis.

A family’s SES may also encourage 
an association between fertility and 
longevity. High-status marriages are more 
likely to experience lower levels of fertil
ity and mortality. The role of social status 
makes sense only if fertility was some
how controllable during the late nine

teenth and early twentieth centuries. Mor
gan (1991) found that methods of fertility 
limitation were in use during this time, 
although his analysis did not specifically 
consider Mormon fertility. Nonetheless, 
after controlling for marital duration and 
age at marriage, Morgan (1991:795-97) 
showed that women with professional 
spouses had lower fertility than farming 
wives based on data from the 1910 U.S. 
Census. At the same time, we know that 
high SES individuals live longer than 
their lower-status counterparts (Antonov
sky, 1967; Kitagawa and Hauser, 1973; 
Townsend et al., 1988; Smith and Waitz- 
man, 1994; McIntyre, 1997). For women 
married in the latter half of the 1800s, 
their status is best represented by their 
husbands’ SES; accordingly, we rely on 
husbands’ SES in this analysis.

Most families in Utah were engaged in 
agriculture during the last half of the 
nineteenth century. This is relevant given 
that farm couples had a preference for 
large families, particularly given the high 
rates of infant mortality at that time. 
During the latter portion of this period, an 
urban core was developing in what is now 
the Salt Lake City-Ogden-Provo MSA, 
leading to declines in the proportion of 
farm families. This trend offers an oppor
tunity to assess whether female repro
ductive patterns have varying effects on 
longevity as the value of large families 
changed over time.

Finally, secular trends in fertility and 
mortality are considered. Our investiga
tion spans an historical period that in
cludes patterns of natural fertility for the 
majority in the Utah population during 
the late nineteenth and early twentieth 
century (Bean et al., 1990). Couples mar
rying from 1860-74 make up the earliest 
period in this study and reflect a period 
of natural fertility on a frontier, while the
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marriage cohort of 1875-99 represents 
the beginning of the fertility transition. 
In general, individuals married between 
1860 and 1874 would be exposed to more 
hardships associated with migration to 
the West, uncertain food supplies, limited 
medical care, and physical hazards. Those 
married later in the nineteenth century 
(1875-99) were more likely to have been 
bom in Utah and have experienced fewer 
hardships as transportation and a devel
oping infrastructure in the West enhanced 
the quality of life and reduced the risks of 
mortality.

DATA

We examine our hypotheses using 
the genealogical data within the UPDB. 
The UPDB was developed for medical 
research, and since 1974 numerous en
hancements have been made, including 
vital status information from Utah Death 
Certificates and the Health Care Financ
ing Administration (HCFA). The UPDB 
is based on information from over one 
million individuals representing about 
185,000 “Family Group Sheets” ab
stracted from the Utah Family History 
Library. Because these records include 
basic demographic and religious data on 
parents and their children, we can mea
sure for each person their fertility history, 
age at death (or age last known alive), 
and religious affiliation with the LDS 
church.

From the UPDB, 13,897 couples have 
met the following selection criteria and 
comprise our analysis sample. Monoga
mous couples were selected who married 
between 1860 and 1899. This time period 
was used to identify couples who were 
most likely to have married in Utah and 
who would likely have observed death 
dates. This time interval generally ex

cludes childbearing during the well- 
known fertility decline of the Great De
pression. Overall, the UPDB data on mar
riages established during the latter half of 
the nineteenth century arc particularly ad
vantageous for testing both social and 
evolutionary theories, given that fertility 
control was limited and mortality risks 
later in life were relatively high.

Only once-married couples were in
cluded to limit complications related to 
fertility spanning more than one marriage 
partner. Husbands could not be more than 
ten years younger nor fifteen years older 
than their wives to reduce large differ
ences in age and cohort experiences.

Wives were required to have married 
no later than their thirty-fifth birthday to 
ensure that they had a clear opportunity 
to bear children. All wives selected for 
the analysis lived to age 60 to assure that 
all women would have completed their 
childbcaring. Couples with husbands fa
thering children past age 60 were also 
excluded. Some wives who lived to age 
60 were already widowed. We selected 
those couples whose husbands were alive 
when their wives reached 60 years of age. 
Husbands who died before their wives’ 
sixtieth birthday would have left wives 
without a crucial source of social support 
and, for younger husband deaths, an in
ability to bear children (if no remarriage 
occured). Early or midlife widowhood 
could, therefore, lead to a reduction in 
both fertility and female life span.

Divorced couples are omitted given 
that divorce was exceptionally rare during 
the period covered by this analysis. Polyg- 
ynous marriages were also excluded from 
consideration because they introduce an 
added level of complexity that applies only 
to a small percentage of privileged men 
(under 10 percent) concentrated during 
the earliest marriage cohort (Arrington,
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1959; Bean et al., 1987). Consanguineous 
marriages, though rare, are also excluded 
in order to remove the remote possibility 
that the children of such unions would be 
at an increased risk of death (Bittles et 
al., 1991). Couples whose first child was 
bom out of wedlock were excluded al
though couples whose first child was 
bom six months or later after the mar
riage were included to allow for prema
ture births. Nulliparous marriages arc not 
used in the analyses as they comprise less 
than one percent of all marriages between 
1860 and 1899. The analysis includes the 
effects of age at first birth on the parents’ 
mortality risk, making it necessary to re
strict the sample to parous couplcs. Nul
liparous marriages may be slightly under
reported in the UPDB, as they are in most 
genealogies, since no descendants exist to 
provide family data. On the other hand, 
men and women in nulliparous marriages 
are typically represented because they 
themselves are part of sibships that are 
reported quite well in the UPDB.

Death dates are available from the ge
nealogy, Utah death certificates (1934
1992) linked to the UPDB, and for dece
dents identified through files maintained 
by Health Care Financing Administra
tion. No men and only 14 women were 
known to be alive in 1997 among persons 
married between 1860-99.

SURVIVAL ANALYSIS METHODS

Cox proportional hazard rate models 
arc used to estimate the survival models. 
The parametric distribution of the base
line hazard h0i(t) is left unspecified al
though different for husbands and wives:

(1) h;j(t) = h0i(t) exp(b Zjj),
i = 1 for wives, i = 2 for husbands,

where hQi(t) is a sex-specific baseline haz
ard, Zy are observable covariates for the 
ith spouse in the jth couple, and b is a 
vector of regression parameters. The 
hazard rate is assessed based on mortality 
after age 60.

This specification assumes that there 
are no significant unobservable couple- 
specific effects after controlling for ob
servable independent variables. Previous 
analyses of these data (Smith, Mineau, 
Guo, and Huth, 1995) found small and in
significant unobservable couple-specific 
effects when such (random) effects fol
lowed a gamma distribution (Guo, 1993; 
Guo and Grummer-Strawn, 1993).

We also consider how observable indi
cators of fertility affect mortality risks 
differently for a mother and a father in 
the same marriage. We use pair-rank 
models to test for such differences (Holt 
and Prentice, 1974; Smith and Zick, 
1994; Smith and McClean, 1998) in the 
presence or absence of significant unob
served heterogeneity. For the pair-rank 
model, we modify equation 1 as follows:

(2) h;j(t) = h0(t)exp(fc Zjpwj 
= h0|(t)exp(fo zy)

where hQj (t) = hQ(t)Wj and Wj is a couple- 
specific indicator for unobserved hetero
geneity. The baseline hazard function 
hQj(t) is the hazard rate that is shared by 
both spouses of the jth couple and its dis
tribution need not be specified (Huster et 
al., 1989; Kalbfleisch and Prentice, 1980; 
Oakes, 1986; Wild, 1983).

One can obtain estimates of b from 
equation 2 by using logistic regressions 
for the within-pair rank of survival time 
that removes the effects of shared unob
served heterogeneity (Kalbfleisch and 
Prentice, 1980; Smith and McClean,
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1998). This is done by taking the ratio of 
the jth wife’s and husband’s hazard rate 
equations. Consider, for example, whether 
the effect of parity, Zparityj, is different for 
wives and husbands from couple j:

(3) h lj(t)/h2j(t)=  {h0j(t)exp(bw *zparityj)}
-Mh0j(t)cxp(bH * zparUyj)} 

= exp(bw * zparityj)/exp(bH * ZparityJ)
= exp[(bw -  bH) * zparityJ]

A logistic regression can be used to esti
mate (bw -  bH):

(4) logit (rp = b0 + ((bw -  bH) * zparityp

where the dependent variable, r ,  equals 1 
if the wife’s age at death (minus one) 
from couple j is lower than her husband’s 
and 0 otherwise (Kalbfleisch and Pren
tice, 1980). In these data, women outlive 
husbands by one year given survival to 
age 60. To take this gender difference in 
survival, we make this one-year adjust
ment in the construction of rj. In a pair- 
rank model, the null hypothesis states that 
the effect of parity is the same for a wife 
and husband (H0 is (bw -  bH) = 0). A 
single regression coefficient Ab = bw — 
bH is estimated for z panlyj that quantifies 
the difference in the effect that parity has 
on the wife’s and husband’s mortality 
risk.

MEASURES

The covariates included in cach Cox 
and pair-rank regression include dummy 
variables for year of marriage, wife’s age 
at first birth, total number of children, 
wife’s age at last birth, and total number 
of children that died before they reached 
age 18, and a dummy variable indicating 
whether the wife is LDS or not. Wife’s

age at first birth, age at last birth, and reli
gious status were strongly correlated with 
the husband’s values of these measures. 
We have elected to use the wife’s values 
in both husband and wife equations. This 
approach also has the advantage of mak
ing hypothesis testing for differences in 
effects between spouses straightforward 
in pair-rank regressions. Wife’s age at 
marriage is not used as it is strongly cor
related with wife’s age at first birth (zero- 
order Pearson correlation is 0.96). Num
ber of children, year of marriage, age 
difference between spouses, and number 
of deceased minor children are couple- 
level variables by definition.

Religious commitment is based on a 
classification scheme developed by 
Mineau (1980) and Bean et al. (1983, 
1990) using the timing of an important 
religious rite, endowment, in the LDS 
church. Endowment, a pledge to the LDS 
church and its doctrine, usually takes 
place early in adulthood, before an indi
vidual goes on an LDS mission, at the 
time of a “temple” marriage, or later for 
converts and reactivated members. Indi
viduals who have records containing 
endowment dates before age forty are 
treated as religiously committed to the 
LDS church. Others are less committed 
or non-LDS members.

For fertility variables, both continuous 
and categorical specifications were im
plemented. For the categorical versions, 
the middle 50 percent of the distribution 
was used as the excluded category and 
four dummy variables were constructed 
that corresponded to the following per
centiles: below the 10th, between the 10th 
and 25th, between the 75th and 90th, and 
above the 90th. For wife’s age at last 
birth, we further divided the highest per
centile category into two categories:
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between 90th and 95 th and above the 
95 th percentiles.

For a portion of the sample, occupa
tional data arc available. Analyses incorpo
rating occupational information are limited 
to marriages from the 1875-99 marriage 
cohort, where the linkage rate between 
UPDB records and death certificates was 
67 percent. The linkage rate was lower 
(45 percent) for the earlier marriage co
hort. Occupations were coded to the 1980 
U.S. Census categories and assigned a 
socioeconomic status score based on Nam 
and Powers (1983). Higher scores repre
sent occupations with greater socioeco
nomic status. If a husband had no Utah 
death certificate or one that did not link to 
the UPDB, he was included in the sample 
and was assigned the mean Nam-Power 
SES score. An additional variable was 
then added to the model that indicated 
whether or not the husband had missing 
SES information to adjust for the effects 
of this mean imputation. Over 50 percent 
of husbands with known occupations 
were employed in farming. Accordingly, 
a farming dummy variable was intro
duced into the model in order to distin
guish the cffccts of farming from all other 
occupations encompassed by the Nam- 
Power status score.

RESULTS

The findings reported below are based 
on multivariate models that include mea
sures of age at first and last birth, parity, 
year of marriage, age difference between 
spouses, mortality of offspring, and com
mitment to the LDS church (Table 1). 
Mean age at first birth was 21.73 for 
wives and 25.58 for husbands. Wives 
gave birth to their last child at a mean age 
of 40. Families averaged 8.24 children 
with 1.3 dying before the children

reached age 18. Nearly 70 percent of cou
ples were committed to the LDS church.

Table 2 lists results for several Cox 
proportional hazards models for female 
mortality. All covariates are measured as 
continuous variables. When each of the 
three reproductive history variables are 
included separately (Models 1-3), only 
parity affects female survival (p  <  0.10). 
However, the simultaneous inclusion of 
all three fertility measures reveals strong 
influences of parity and wife’s age at last 
birth (Model 4). Decreasing parity and in
creasing age at last birth are associated 
with a decreasing risk of female mortality 
past the age of 60. Age at first birth is not 
significantly associated with the mortality 
hazard rate. These three fertility measures 
are correlated with one another (e.g., sim
ple Pearson correlations are: R(agc at first 
birth, age at last birth) — +0-07, R(age ai first birth, 
parity) — (0-42), R(age at ]ast birth, parity) — 
+0.64), but do not represent any serious 
collinearity problems when introduced si
multaneously into a model.

We next consider the additional effects 
of interactions between each of the three 
fertility measures (Models 5-8). All co
variates involved in interactions have been 
centered to reducc collinearity problems 
(e.g., inflated standard errors of the re
gression coefficients) induced by the in
clusion of multiplicative interaction terms. 
Model 7 includes the only statistically sig
nificant interaction, that involving age at 
last birth and parity. This interaction is 
negative, indicating that the reduction in 
mortality risk associated with late fertility 
is greatest at higher levels of parity. These 
results suggest that late fertile women are 
most clearly differentiated from other 
women when the physiological and social 
demands of reproduction and child rear
ing are greatest: when parity is high. It is 
possible that the interaction between par
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TABLE 1
D escriptive S ta tis tic s  (N = 13,897 Coupi.es)

Mean SD Miniml'.m Maximum

Wife’s years lived since age 60 23.30 9.31 0.01 50

Husband’s years lived since age 60 22.14 8.62 0.01 45

Marriage date 1884.62 10.39 1860.00 1899.99

Wife is LDS (= 1) 0.69 0.46 0 1

Husband is LDS (= 1) 0.68 0.47 0 1

Wife’s age at first birth 21.73 3.29 15.66 38.30

Husband’s age at first birth 25.58 3.80 16.83 49.35

Wife’s age at last birth 39.99 4.64 18.65 54.94

Husband’s age at last birth 43.83 5.66 20.24 59.98

Parity (all couples are parous) 8.24 2.85 1 19

Husband-wife age difference 3.84 3.65 -9 .8 7 14.95

Number of children who died before age 18 1.33 1.41 0 11

Nam-power occupational ranking based on 
husband’s death ccrtificatc information 
(for marriages 1875-1899)

44.78 15.87 3 99

Farmer (= 1) based on husband’s death certificate 
information (for marriages 1875-1899)

0.59 0.49 0 1

Whether married 1860-1874 (= 1) 0.20 0.40 0 1

ity and age at last birth may simply repre
sent the effects of birth intervals. High- 
parity women with a young age at last 
birth will have shorter birth intervals than 
high-parity women with an older age at 
last birth. Including birth spacing as a 
main effect resulted in no significant ef
fects on the mortality risk of mothers 
(results not shown).

Cox regression models were re
estimated with the three fertility indica
tors included as categorical variables 
(Table 3). Model 4 includes all three sets 
of fertility variables simultaneously in a 
Cox regression, while Model 5 is a re
estimation of Model 4 except that we use 
a logistic regression where the outcome is 
whether or not a woman reaches age 95. 
In Model 4, we find that women with few 
children (1 to 3) have the lowest mortality 
risk relative to modal women with 7 to 11

children. These same low-parity women 
have a 63 percent greater chance of 
reaching age 95 than women from the 
middle 50 percent of the parity distribu
tion (Model 5). Mothers whose last birth 
occurred at age 46.5 or later (i.e., beyond 
the 95th percentile for the age-at-last- 
birth distribution) have a mortality hazard 
rate that is 15 percent lower than that of 
women whose last child was bom be
tween ages 37.7 and 43.1 (i.e., the middle 
50 percent of the age-at-last birth distri
bution). These late fertile mothers have a 
44 percent greater chancc of reaching age 
95 than comparison mothers (Model 5).

We next divided the sample into two 
broad marriage cohorts and introduced 
analyses of husbands’ survival. These two 
modifications were used to assess the ef
fects of reproductive history on male and 
female longevity and how this association
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All covariatf.s are continuous variables.

TABLE 2

Variable Model 1 Model 2 Model 3 Model 4 Model. 5 Modf.i. A Modf.i. 7 Model 8

MAIN EFFECTS

Age at first birth -2 .9 — — 4.17 4.53 4.22 4.35 4.68

Parity — 5.7* — 18.2*** 18.4*** ]g 3*** 19.4*** ig ^***

Age at last birth

2-WAY INTERACTIONS
— — -2 .5 -9.05*** -9.06*** -8.96*** -12.6*** -12.6***

Age at last birth * parity — — — — 0.27 — — 0.26

Age at first birth * age at last birth — — — — — 0.24 — -0.074

Age at last birth * parity — — — — — — -1.56*** — 1 57***

A -2LL
(Model-2LL vs. Null-2LL)

86.71 88.41 87.46 99.26 99.35 99.42 105.85 105.92

A df
(Model df vs. Null df)

7 7 7 9 10 10 10 12

Adjusts for marriage year, LDS commitment, age difference between spouses, and number of children who died before age 18. 
*p < 0.10, **p < 0.05, ***p < 0.01

196 
Smith 

et al. 
Social Biology



Vol. 49, No. 3 -4  Fertility and Post-Reproductive Longevity 197

TABLE 3
Wives’ H aza rd  R a te  M odels F or S u rv iv a l P as t Age 6o. E n trie s  a re  R a te  R atios Based on Cox 
P ro p o rtio n a l H aza rd  R egression C oeffic ien ts fo r  M odels 1- 4. M odel 5 is based o n  a  L ogistic 

R egression P red ic ting  th e  Odds o f  Living to  Age 95. A l l  F e r t i l i ty  C ovaria tes a re  C a teg o rica l.

Variable Model 1 MoDfcL 2 Model 3 Model 4 Model 5

AGE AT FIRST BIRTH 
Percentile (Age ranges) 
<  10th (<  18.12) 1.00 0.98 1.01
10th-24th (18.12-19.38) 1.03 — — 1.01 1.02
25th-74th (19.39-23.39) 1.00 — — 1.00 1.00
75th-89th (23.40-26.07) 0.98 — — 0.99 1.02
>  = 90th (>  = 26.08) 1.01 — — 1.05 0.86

PARITY
Percentile (Number of children) 
<  10th (1 to 3) 0.93* 0.86*** 1.63***
10th-24th (4 to 6) — 0.99 — 0.95** 1.18**
25th-74th (7 to 11) — 1.00 — 1.00 1.00
75th-89th (12 to 14) — 1.03 — 1.05* 0.96
>  = 90th ( a  15) — 1.08 — 1.13 0.92

AGE AT LAST BIRTH 
Percentile (Age ranges) 
<  10th (<  33.3) 1.02 1.10** 0.76**
10th-24th (33.3-37.6) — — 1.02 1.05* 0.92
25th-74th (37.7-43.0) — — 1.00 1.00 1.00
75th-89th (43.1-44.8) — — 1.02 1.01 0.99
90th-94th (44.9-46.4) — — 0.96 0.93* 1.07
>  = 95th (>  = 46.5) — — 0.87*** 0.85*** ] 44* *

A-2LL 88.05 90.15 98.48 114.62 74.76

A df 10 10 10 19 19

♦p < 0.10, **p < 0.05. ***p < 0.01
Adjusts for marriage year, LDS commitment, age difference between spouses, and number of children who died before age 18.

changed with time. Models 1 and 3 in 
Table 4 list the effects of reproductive his
tory on survival for wives and husbands, 
respectively, for the 1860-74 marriage co
hort. In general, women who had few chil
dren as well as those who were fertile late 
had lower rates of mortality, a pattern that 
is not observed among husbands.

When wives from the 1860-74 cohort 
are matched to their husbands and a pair- 
rank regression is estimated (Model 5), 
we find that the longevity gains associ
ated with late female fertility are some
what greater for wives than for their hus
bands (although not significant, {p =

0.20}, suggesting that the negative [pro
tective] coefficient for wives is somewhat 
larger than it is for husbands). Similarly, 
the adverse effects of high parity are 
larger for wives than they are for hus
bands (p  <  0.05).

We observe a different pattern of sur
vival for couples from the 1875-1899 
marriage cohort (Models 2 and 4). The 
effects of parity, late age at last birth, and 
their interaction persist among women, 
but we now observe a significant protec
tive effect of late fertility among hus
bands. While the mortality risks of wives 
continue to be affected by their fertility
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Wives’ an d  H usbands’ H aza rd  R a te  M odels fo r  S u rv iv a l P ast Age 60, by Two M arriage  
C o horts. E n trie s  fo r  M odels 1-4 a re  Cox P ro p o rtio n a l H aza rd  Regression. E n trie s  fo r  

M odels 5 an d  6 a re  Logistic R egression C oeffic ien ts Based on th e  Pair-R ank M odel. 
A l l  C oeffic ien ts a re  M u ltip lied  by io 3.

TABLE 4

Wiff.-Hl'SRand
Comparisons

Wives Husbands (Pair-Rank Models)

Variable

Model 1 
Married 
1860 74

Model 2 
Married 
1875 99

Model 3 
Married 
1860-74

Model 4 
Married 
1875-99

Model 5 
Married 
1860-74

Model 6 
Married 
1875 99

Age at first birth 10.9 2.7 — 21 i*** -7.75* 10.3 11.8
Parity 33 j*** 16.2*** -1 5 .9 1.39 53 7** 10.2
Age at last birth —19 7*** —10.9*** -5 .3 5 —9 77** -1 7 .0 & -0 .7 4

2-WAY INTERACTION

Age at last birth * parity - 2.1* _ j 4 ** -0 .17 -0 .85 -3 .5 5 & -1 .1 4

N 2757 11126 2757 11126 2757 11126

A-2LL 12.13 58.80 27.39 120.47 17.68 61.31

A df 8 9 8 9 8 9

&p < 0.20, V < 0.10, **p < 0.05, ***p < 0.01
Adjusts for marriage year, LDS commitment, age difference between spouses, and number of children who died before age 18.
Regression coefficients (b) are based on spouse-specific Cox proportional hazard rate models. Pair-rank tests are estimated with binary 

logistic regression and estimate the differences in effects between spouses (wife-husband) in the same marriage controlling for shared unob
served heterogeneity.

history, their effect sizes are attenuated 
relative to the previous cohort. To the ex
tent that couples were beginning to limit 
their family size during this period rela
tive to the preceding fifteen years, it may 
be that some women who could have had 
children at older ages or could have had 
an additional child did not do so due to 
greater use of available methods of fertil
ity control. If this was the case, then some 
fecund women were categorized as having 
lower parity or having a lower age at last 
birth, both of which would reduce the es
timated survival effects of parity and late 
fertility. At the same time, the effect of 
age at last birth on husband’s mortality in 
this latter cohort increased. One possible 
explanation for this is that previously 
high rates of non-aging-relatcd male mor
tality past age 60 were declining, thereby

allowing the slow aging effects suggested 
by male late fertility to be better observed. 
Based on pair-rank methods for this later 
marriage cohort, a couple’s history of 
childbearing yields similar longevity pat
terns for wives and husbands.

We find no evidence that age at first 
birth affects female mortality, but it does 
affect male mortality. Men with wives 
whose first child is bom at later ages ex
perience greater survival relative to other 
men, a result observed for both marriage 
cohorts. Delayed childbearing may lead 
to better economic standing, and hence 
lower mortality for men. Men who are 
older at the time of their first birth would 
have had more time during which to work 
and achieve more in the labor market 
without the need to provide for more de
pendents. However, the effects of age at
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H aza rd  R a te  M odels f o r  S u rv iv a l P as t Agf. 6o, Wives and  Husbands M arried  1875- 1899. 
In c lu d es C o n tro ls  fo r  O ccupation. E n trie s  a re  Cox P ro p o rtio n a l H aza rd  Regression 

C oeffic ien ts M u ltip lied  by 103.

TABLE 5

VARIABLE
WlVTS 

Model 1
Husbands 
Model 2

Age at first birth 2.62

*00r-̂1

Parity 15.1** -0 .42

Age at last birth -10.5*** —9 25***

2-WAY INTERACTION

Age at last birth * parity —1.34** -0 .89

Occupation

Nam-power occupational ranking -1.60** -2.03**

Farmer (= 1) 1.85 -4.39*

Occupation missing 40.2 114.9***

N 11140 11140

A-2LL 67.40 178.04 .

A df 12 12

*p < 0.10, ”*p < 0.05. ***p < 0.01
Adjusts for marriage year. LDS commitment, age difference between spouses, and number of children who died before age 18.

first birth on survival do not appear to be 
significantly different between husbands 
and wives (Models 5 and 6).

To address the possibility that socio
economic status may account for the as
sociation between fertility and longevity, 
we incorporated husband’s occupational 
status, measured from death certificates, 
into the analysis of both husband’s and 
wife’s longevity. The influence of fertility 
patterns on maternal and paternal 
longevity are not affected by the intro
duction of statistical controls for hus
band’s occupation. Higher-status occupa
tions are associated with lower mortality 
for both wives and husbands. Farmers 
had lower mortality rates (p  <  0.10) than 
non-farming men. Men without an identi
fied death certificate had significantly 
higher mortality rates. This suggests that 
these men were more mobile and likely

died outside of Utah. Alternatively, these 
men may have been less socially inte
grated and information appearing on their 
death certificates was provided by less 
knowledgeable informants (i.e., non-kin). 
Men without linked death certificates 
were somewhat more likely to be non
Mormon and had wives who died at a 
somewhat earlier age than men with 
linked death certificates (p  < 0.05 for 
simple differences). These factors would 
both reduce the chances of their death cer
tificates linking to the UPDB and increase 
their chances of dying at a younger age.

DISCUSSION

Bearing and rearing children affects 
the mortality risks of post-reproductive 
mothers and fathers. Lower parity and 
late age at last birth arc associated with
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greater post-reproductive longevity among 
women. These associations are consistent 
with predictions based on evolutionary 
principles (hypotheses H2 and H3). 
These results also suggest that children 
receive resources from their parents to the 
detriment of the mother or that children 
with low-parity mothers are themselves 
low parity and are better able to provide 
assistance (hypothesis H5B). No evi
dence was found to support the prediction 
that late age at first birth enhances female 
longevity (rejecting hypotheses HI and 
H4). Compared to their wives, husbands 
of these women experienced weaker 
longevity benefits associated with low 
parity and late fertility. Husbands lived 
longer lives when they fathered their first 
birth at older ages, but this effect was not 
statistically different from that of their 
wives. For the latter marriage cohort, 
when fertility rates began to decline, the 
reproductive histories of husbands and 
wives began to have statistically similar 
(and smaller) effects on their life spans, 
although wives’ longevity continued to be 
more sensitive to the effects of parity and 
late fertility.

Our results suggest several interpreta
tions. Women with many versus few chil
dren do not experience lower mid-life or 
late-life mortality as predicted by social 
support theories (House, Landis, and Um- 
bcrson, 1988; Ross, Mirowsky, and Gold- 
steen, 1990). The economic benefits of 
large families during the latter half of the 
1800s and access to informal social sup
port through adult children (at least as 
measured by the number of children) do 
not appear to translate into longevity 
gains for post-reproductive parents. Chil
dren with many siblings may go on to 
have large families which in turn limits 
their availability to assist their aging 
mothers. The number of sons or daugh

ters p er se does not play a role in parental 
longevity (results not shown). Instead, 
high parity is associated with lower sur
vival for post-reproductive mothers, an 
association consistent with theories of an
tagonistic pleiotropy and the disposable 
soma. That high-parity mothers live 
shorter lives also supports the idea that 
resources flow from parents to children 
(e.g., children are costly). It is possible 
that children must be co-resident or geo
graphically close to their parents for there 
to be a detectable and salutary influence 
of parity on parental longevity. We were 
not yet able to consider this possibility at 
this time.

Late female fertility is associated with 
greater longevity after adjusting for age at 
first birth and parity. Evolutionary theo
ries predict that later reproduction should 
be associated with greater longevity be
cause it may be an indicator of a slower 
rate of aging. Further support for this in
terpretation is the finding that late fertile 
women under reproductive stress have 
lower mortality than other women. This 
latter result is important since women who 
age more slowly should be more resilient 
when faced with stress, such as childbear
ing and child rearing, than other women. 
As living conditions improved over time 
and the stress of reproduction declined, 
high parity that had previously differenti
ated the survival of late and non-late fer
tile women became less pronounced.

Fathers’ survival is also related to re
productive history but not to the extent it 
is with mothers. The finding that men 
who fathered children late in life had 
longer lives is, to the best of our knowl
edge, new. It suggests that these men had 
slower age-related decline in fecundity 
than other men and likely had greater 
coital frequency. These reproductive 
changes may also be related to overall



Vol. 49, No. 3 -4  Fertility and Post-Reproductive Longevity 201

rates of aging and may explain the better 
survival among late fertile men. This as
sociation may also reflect the fact that 
these older fathers were married to 
women much younger than themselves 
relative to other fathers. We know that as 
the age gap between husbands and wives 
increases the longer the life span of the 
husband; no effects in either direction 
have been detected for the wives. How
ever, when we controlled for the age dif
ference between husbands and wives, we 
found no change in the effect of hus
band’s age at last birth on his longevity.

We have conducted further prelimi
nary analyses that explore the familiality 
of both late fertility (Torgerson et al., 
1997; Snieder ct al., 1998) and longevity 
(Bocquet-Appel and Jakobi, 1990; McGue 
et al., 1993; Peris et al., 1998). Our analy
ses indicate that both brothers and sisters 
of late fertile women also age more 
slowly than siblings of non-late fertile 
women. This finding suggests that late 
fertility may be a marker for slow aging 
that is shared among relatives and that 
there are genetic variants in the human 
population that simultaneously slow ag
ing, maintain female fertility later in life, 
and contribute to longevity in both sexes.

The novel results for husbands raise 
questions about social forces that are in
volved in the linkages between fertility 
and longevity. The effects of age at first 
and last birth on mortality risk among 
husbands and wives were shown to be 
statistically similar for the latter marriage 
cohort, although the impact of age at last 
birth was greater for wives and the influ
ence of age at first birth larger for hus
bands. The point is that female reproduc
tive history affects both spouses similarly, 
suggesting some environmental or marital 
mechanisms linking female fertility to ei
ther male or female mortality.

We considered the possibility that ini
tially healthy couples go on to be more 
sexually active, have more children over 
more years, and also live longer. This ar
gument suggests that enhanced fertility 
(high parity, low age at first birth, high 
age at last birth) should be associated with 
excess longevity because the initially 
healthy continue to be healthy through 
time, leading to both elevated fertility and 
longevity. In large part, this prediction is 
not supported in our analysis. Instead of 
detecting a positive association between 
high parity and excess longevity, we find 
an inverse relationship for mothers and no 
association for fathers. This selection ar
gument would also predict that healthy 
persons should be better able to conceive 
earlier as well as to be longevous. Again, 
for women, age at first birth has no asso
ciation with longevity, while for men 
young age at first birth is associated with 
higher mortality.

Some women may be capable of bear
ing children at advanced reproductive 
ages because they are initially healthy 
and especially robust. Perhaps late fertile 
women are more likely to possess some 
factor (possibly an innate robustness) that 
slows their rates of aging and enhances 
longevity. In other words, late fertility is 
not so much a result of initially high lev
els of robustness but an indicator of it. 
More work will need to be done to con
sider how lifestyle factors (e.g., diet, 
physical activity) may affect rates of ag
ing, an important step in helping to un
derstand gene-environment interactions.

Our analysis relies on selecting a sam
ple of couples who survived to age 60 
where the husband was not over 60 at 
the time of the last birth. These sample 
constraints mean that women who died as 
the immediate result of childbearing com
plications arc excluded, as well as women
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who died from other causes of death that 
arise in middle adulthood. We suggest 
that women who survived their childbear
ing years during the era analyzed here arc 
more robust. This implies that our sur
vivorship restriction is removing propor
tionately more women who are less re
silient and perhaps aging more quickly. If 
this is the case, then women who have 
early ages at last birth (faster rates of ag
ing) and who survive to age 60 are a 
hardier subset of all such women. This re
striction would reduce the detectable 
mortality difference between late fertile 
and early fertile women. Men are less 
susceptible to this selection mechanism, 
at least as it pertains to the risks of child
bearing, and this may help to explain why 
we see an effect of late fertility for men 
only during the latter marriage cohort.

It will be instructive to consider more 
recent marriage cohorts since fertility and 
mortality behavior has changed dramati
cally during the twentieth century. It will 
be important to follow longevity patterns, 
for example, among current cohorts 
where a proportion of women are delay
ing childbearing and thus having lower 
parity and later ages at last birth (Dobl- 
hammer, 2000). Also, further study is 
warranted about whether the health bene
fits of low parity persist or whether they 
are offset by the loss of access to adult 
children in later years. Analyzing the as
sociation between late fertility and age at 
natural menopause and their joint effects 
on female longevity will also be helpful.

We are currently coding all causes of 
death for Utah decedents from 1904 to 
the present. When this work is completed, 
we will be able to assess whether certain 
reproductive patterns are associated with 
major causes of death (heart disease, can
cer) where exposure to endogenous fe
male hormones plays a role (Jacobsen et 
al., 1999; Kelsey and Bernstein, 1996).

We encourage further examination of 
the linkages between childbearing and 
parental mortality, particularly in the light 
of both sociological and evolutionary per
spectives. Our analysis did not come down 
squarely in favor of one set of explana
tions over another, but we feel that consid
ering both sets of predictions aided in en
hancing our interpretation of the results.
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