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Abstract Research suggests that parity and parental health and mortality are
associated significantly, although the pattern of association varies across studies.
Studies ascribe long-term poor health (and mortality) to either low or high parity,
and some studies show that both low and high parity increase the risk of adverse
health for parents (i.e., forming a “J-shaped curve”). While a recent meta-analysis
(Zeng et al., Sci Rep 6:19351, 2016) has partially addressed this gap in the litera-
ture, the present study further extends the literature by using a methodology that
allows for more robust control of study heterogeneity and potential confounders.
Using data on 223 measures of relative mortality risk from 37 studies, from samples
gathered after 1945 from developed nations, meta-analysis and meta-regression
(weighted linear regression) results show a nonlinear association (J-shaped curve)
between parity and all-cause parental mortality, though the strength of the associ-
ation varies by both sex and cohort. The results also suggest that the mortality
hazard is partially explained by health selection effects.
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Researchers in the physical and social sciences have long considered important the
influence of childbearing and rearing on long-term health outcomes for both parents
and children. In the social sciences, interest in childbearing has increased due to
changes in childbearing patterns, including parity, over the past few decades. Many
couples today compared to prior decades, especially in developed countries, delay
childbearing in pursuit of education and career opportunities, and more couples
have fewer or no children (Martin 2004). Scholars argue that childbearing and
rearing is an integral part of the life course, wherein parents’ and children’s lives are
linked and interdependent (e.g., Elder and Glen 1998; Umberson et al. 2010). One
component of these ‘linked lives’ is the extent to which the number of children
adults bear and rear influences their long-term outcomes, particularly longevity.

The extant literature suggests that parity is associated with parental health (e.g.,
Hogberg and Wall 1986; Penn and Smith 2007), but there is little consensus across
disciplines regarding the mechanisms underlying, or the direction of, the parity-
health association. Some hypotheses suggest a negative association between parity
and health and longevity; some suggest a positive association, and others suggest
that the association between parity and health is nonlinear (Dior et al. 2013;
Doblhammer 2000; Green et al. 1988; Jaffe et al. 2009).

This gap in the literature has been addressed, at least in part, by Zeng et al.
(2016), who build upon an earlier conference draft of our present paper (Moore et al.
2014). We extend this work by using meta-analysis and meta-regression techniques
to examine the direction and form of the association between parity and parental
health (measured as all-cause mortality) while directly controlling for important
moderating factors (i.e., sex, age, and time period, as well as health selection).
Moreover, our examination builds upon the small body of literature positing that the
parity-health association forms a J-curve, or is nonlinear. Unlike prior studies
(excepting Zeng et al. 2016), which focus on a specific country or a comparison
between two countries, our data include multiple national contexts from 1946 to the
present (N = 37 studies) and span a range of disciplines, theoretical perspectives,
and methodological approaches. Our analytic approach allows us to extend the
literature by using results from multiple existing studies (many of which do not
directly address the form of the association) to examine the J-curve hypothesis.
Consistent with Zeng et al. (2016), our results suggest that there is a significant
J-shaped curve association between parity and all-cause parental mortality.

Background
Theoretical Perspectives
Scholarship on the association between parity and parental health spans a range of

disciplinary perspectives and methodological approaches. We focus on negative and
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positive influences of parity on parental health from evolutionary/biological,
biomedical, and sociological perspectives. In general, evolutionary/biological
perspectives emphasize the direct physical repercussions of pregnancy and
childrearing on the aging process. Biomedical theories generally emphasize the
indirect physical links between parity and health, attending to the onset of chronic
physical and mental conditions. Sociological perspectives (particularly the life
course perspective), on the other hand, underscore the collective experiences of
parents and children over time and the potential consequences of those experiences
(e.g., Elder and Glen 1998).

Several studies underscore the negative association between parity and parental
health. As we have noted, evolutionary and biological theoretical perspectives
generally emphasize the direct physical repercussions of pregnancy and childrearing
on parents. For example, both Disposable Soma Theory of Aging (Alter et al. 2007,
Dribe 2004) and Evolution of Senescence Theory (Doblhammer 2000; Hurt et al.
2006b) consider the metabolic and physiological trade-offs between parity and
mortality. These theories posit that those with higher parity invest more in fertility
than in the biological resources that help maintain the body (i.e., cell reparation).
Disposable Soma Theory in particular implies that one invests in either fertility or
longevity, with each of these coming at the expense of the other. Thus, increasing
parity accelerates the aging process (e.g., see Le Bourg 2001). Some scholars
suggest that the influence of parity on aging depends on the timing of childbirth
(Alter et al. 2007), and recent studies suggest that younger and older ages at first
birth among women are associated with an increased risk of cause-specific and all-
cause mortality (Barclay et al. 2016; Grundy and Kravdal 2010). Using Swedish
register data, for example, Barclay et al. (2016) find a strong association between
older ages at first birth (i.e., age 30 or older) and the onset of breast cancer.

Biomedical theories generally emphasize the indirect physical links between
parity and overall health by examining how parity affects the onset of chronic
diseases (e.g., Alter et al. 2007; Read et al. 2011). For example, the hormonal
fluctuations that mothers experience during gestation, delivery, and lactation may be
associated with an increased susceptibility to cancer, cardiovascular disease, and
diabetes (Alter et al. 2007; Daling et al. 2002; Henretta 2007; Hurt et al. 2006b).
The increased exposure to hormonal fluctuations which comes with increasing
parity implies an increased risk of disease onset. Additional research suggests that
parity increases susceptibility to both infections and depression (Grundy and
Kravdal 2008).

In addition to physical risk factors, higher parity itself may be a source of stress,
which is negatively associated with physical and mental health. More children may
require increased emotional, physical, and financial investments (for a review, see
Thoits 2010) which may elevate stress, especially when children are close in age
(Alter et al. 2007). Alter et al. (2007) further suggest that having many children may
reduce parents’ attention to their own needs. This argument is consistent with
maternal depletion models, which suggest that good nutrition is hard to come by
among women with many children as healthier foods tend to be expensive.

Studies have also underscored the positive association between parity and
parental health. A small number of evolutionary/biological studies suggest that
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having more children might contribute positively to parental health. Read et al.
(2011), for example, found that nulliparous women are at a greater risk of inactivity
as a result of poor health compared to women with children. Child-motivated
physical activity may have a positive impact on individual health across multiple
generations, as is suggested by the adage about grandparents that grandchildren help
to “keep them young.”

The majority of studies which find a positive association between parity and
health are sociological. One possible social mechanism linking parity to health is
that the presence of children strengthens social control processes. Parents’
heightened sense of responsibility and commitment to their family may mean they
take fewer health risks, such as using or abusing drugs and alcohol (e.g., Chilcoat
and Breslau 1996; Paradis 2011; Umberson 1987). New parents may quit smoking
cigarettes to protect their children against the dangers of second-hand smoke and
they may also adopt healthier diets and avoid reckless driving. If parents do not
endogenously adopt a more restrictive lifestyle for themselves, they may feel
normative pressures to do so from relatives, friends, and even strangers.

A second possible social mechanism linking parity to health is that larger
families often provide greater access to emotional and instrumental social support
(Alter et al. 2007). In particular, adult children may provide important support to
their parent(s), buffering health concerns associated aging (Stein et al. 1998), and
which may increase as parity increases. Parents with multiple children may have at
least one child from whom they receive emotional and instrumental support in times
of need. Indeed, Stein et al. (1998) found that adult children, particularly when they
are younger, feel a sense of obligation to provide support to their parents. In
addition, Ishii-Kuntz and Seccombe (1989) found that parenthood was associated
with increased access to social support from friends and neighbors who perceive a
greater opportunity or need to help. In addition, disadvantaged mothers have made
beneficial contacts through their children’s formal child care centers (Small 2009)
and middle class parents have garnered social support through their adolescent
children’s social activities (Offer and Schneider 2007). Nulliparous or even low
parous adults may have less access to support, and consequently more difficulty
with aging.

A third possible social mechanism linking parity to mortality positively centers
on the normative pressures associated with both having a prescribed number of
children (e.g., 2 or 2.5 per household) and having any children. Those who have
fewer children than is normatively prescribed may experience role strain (Goode
1960), while parity consistent with normative expectations may reduce the
likelihood of role strain and associated negative health implications. Thornton
and Young-DeMarco (2001), for example, argue that gendered, normative family
structures were historically central in Western societies and non-normative family
behaviors resulted in sanctions.

While having significantly fewer/greater children than is the norm may induce
some degree of role strain, remaining childless may be viewed as a more serious
norm violation. These differences may be more or less pronounced in Western and
Eastern countries given social differences in things like religious beliefs. For
example, childlessness (for different reasons) has increased in Western countries
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over the last few decades. In the U.S., childlessness has increased from 10% in 1976
to 18% in 2002 among women aged 40—44 (Abma and Martinez 2006). In China, on
the other hand, marriage and childlessness has not increased, albeit parity decreased
significantly in the 1990s following the implementation of the one-child policy. In
other Eastern countries like Japan, Korea, and Taiwan, however, marriage and
childlessness is projected to increase (Raymo et al. 2015). Even so, some research
suggests that the stigma associated with childlessness remains. For example,
qualitative interviews with both men and women show that childless adults
voluntarily use strategies to negotiate positive identities that help to stave off the
stigma associated with their childbearing choices (Park 2002). To the extent that
normative pressures associated with bearing children increase strain felt by
individuals and couples, parity may reduce or eliminate negative health conse-
quences associated with this type of strain.

Finally, social-psychological processes may underlie the link between parity and
heath. That is, parous adults may feel joy and a sense of fulfillment from rearing
children. Edin and Kefalas (2005), for example, show that lower-income, unmarried
women choose to have children (prior to marriage, which low-income women view
as financially unattainable) because children give them a sense of purpose and
meaning. On the other hand, other research suggests that the context (i.e., marriage,
cohabitation, divorce, widowhood, or having never married) in which adults are
childless is also associated with wellbeing. For example, never married childless
women may be more active later in life (often associated with psychological health,
see Penedo and Dahn 2005), while formerly married men may be more likely to
have health problems (see Umberson et al. 2010 for a review). Indeed, Umberson
et al. (2010) argue that the link between childlessness and adult wellbeing is
complex and that the long-term effects of childlessness on adult health and
wellbeing may be positive for some social groups and negative for others.

As we briefly noted, some studies suggest that the parity-health association may
be nonlinear (e.g., Dior et al. 2013; Doblhammer 2000; Green et al. 1988; Jaffe et al.
2009). Specifically, adults with none, few, and many children may experience more
adverse health outcomes than adults with a moderate number of children. This so-
called J-curve hypothesis derives from the interplay between the positive and
negative consequences of childbearing. For nulliparous adults, the direct and
indirect negative physical consequences of childbearing and childrearing are
completely absent, and the full complement of economic, physical, and emotional
resources remains available for personal or couple use. However, social support
levels may be very low, particularly as adults age, which itself tends to impact
health negatively (e.g., House et al. 1988).

Parents with very large families may find support from children to be readily
available, but there is also an increased likelihood of economic, physical, and
(potentially) emotional depletion (Alter et al. 2007) and/or that parents experience a
negative relationship with at least one of their children (see Umberson et al. 2010).
In contrast, parents with a moderate number of children may be best situated in
terms of long-term health. Support is more likely to be readily available (though not
necessarily maximized), and though substantial resources are likely dedicated to
children, resources are less likely to be as depleted. All else being equal, this
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combination of resources and social support may ease the aging process, potentially
reduce the risk of adverse health outcomes, and buffer against early mortality
(particularly among the unhealthy).

A small number of empirical examinations support the J-curve hypothesis. For
example, using data from England, Wales, and Austria, Doblhammer (2000) found
that childless women and those who had high parity (4 or more children) compared
to those who had lower parity (1 or 2 children) were at a significantly increased risk
of all-cause mortality. Green et al. (1988) found similar results using data from the
Office of Population Censuses and Surveys in England. Jaffe et al. (2009) also found
support for the J-curve hypothesis with respect to all-cause mortality among both
men and women, even after controlling for age, socioeconomic status, and other
demographic characteristics. Finally, examining cause-specific mortality, Dior et al.
(2013) found that mothers who had one child and those who had between 5 and 10
children were at a significantly increased risk of mortality from cancer, circulatory
disease, and heart disease among others. In fact, even after adjusting for health
conditions and lifestyle choices such as smoking, mothers in the low and high parity
groups had between an 18 and 49% increased risk of mortality from cause-specific
diseases. Overall, however, the literature directly addressing the J-curve association
is limited and warrants further investigation.

Moderating Factors

Prior research suggests that the association between parity and parental health may
vary in magnitude and direction depending on the population. While biological and
biosocial factors can be intuitively linked to maternal mortality because women bear
children and remain the primary caretakers of children (see Casper and Bianchi
2002), the link between parity and mortality seems less intuitive for fathers.
Research suggests that mothers are more likely than fathers to cultivate personal
relationships and reap the health benefits of social support (e.g., Barefoot et al.
2005), thus implying that fathers may be insulated from these benefits. In addition,
Penn and Smith (2007) find that women pay a higher health cost for fertility
compared to men, especially as women age.

Some research suggests, however, that parity also impacts the health of men.
Childless single men were significantly likely to die early as a result of accidents,
suicide, and other forms of violence and were generally more likely to abuse drugs
and/or be violent compared to men who were not childless and single (Weitoft et al.
2004). On the other hand, it is difficult to rule out selection here because men who
do not have children, for whatever reason, may be the men who are also more likely
to engage in unhealthy behaviors. In addition, while higher-SES men may be less
impacted by the presence of children, lower SES men experience more of the
consequences of parenthood (Keizer et al. 2011). Others have found that the health
processes associated with childrearing look similar for both men and women (e.g.,
Jaffe et al. 2009).

Given that access to social support may underlie the association between parity
and health, we also consider parents’ age as a potential moderator (e.g., Hogberg
and Wall 1986). Again, access to support may be particularly important at older
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ages (e.g., Avlund et al. 1998), where adult children often provide help with basic
daily needs and with accessing routine medical care. Adult children and their
children may also help to provide a sense of purpose, as aging parents often retain
an important role in the rearing of grandchildren (e.g., King et al. 1997). Therefore,
we might expect to find a stronger relationship between parity and health among
older parents, as younger parents may not require as much support.

A third potential moderator is parent’s socioeconomic status. Numerous studies
(e.g., Alter et al. 2007; Dribe 2004; Grundy and Kravdal 2008; Jaffe et al. 2009)
note that the physiological risk factors associated with higher parity are exacerbated
among parents who have few resources and live in lower versus higher
socioeconomic environments. Lower SES parents may be less able to purchase
nutritious foods during and following pregnancy and may have limited access to
stress-reducing and health-improving resources and activities (e.g., time to
exercise). Families from a lower socioeconomic background are also at an
increased risk of experiencing depression and related illness (Lorant et al. 2003).

In addition to parent’s demographic characteristics, one might expect the strength
of the association between parity and parental health to vary over time (i.e., across
age cohorts). Historically, not only were adults expected to bear and rear children
(Thornton and Young-DeMarco 2001), the social structures in Western societies
meant that children and parents would live close to one another and work together in
meeting basic needs. The increasing distance between parents and children over
time may have weakened intergenerational relationships (e.g., Hank 2007; Litwak
1960; Parsons 1943). Moreover, in the past, families tended to rely more closely on
children for the provision of labor and/or other key services, which conceivably
linked parity more strongly to health outcomes. However, the reverse is also
possible. Putnam (2000) and others have argued that, in previous periods,
individuals could rely on a more diverse range of sources for emotional and
instrumental support. If that is indeed the case, children’s support may be more
important today and we may expect the parity-health association to be stronger.

It is worth noting here that social support from people other than one’s children
can have a potentially complementary role for health outcomes; in extreme cases,
one might argue that a lack of support from children may be offset by strong support
from close friends or other relatives (see Shor and Roelfs 2013). Unfortunately, due
to data limitations in our sample of studies, we are unable to examine the role of
social support across family and other social contexts.

Selection Effects

Selection effects may account, at least in part, for the relationship between parity
and all-cause parental mortality (Alter et al. 2007; Hurt et al. 2006b). First,
socioeconomic selection effects are likely to be strong, since poorer adults are more
likely to smoke and drink heavily, less able to invest in a healthier lifestyle (e.g.,
exercise, diet), and more likely to have large families. In addition to less access to
nutrition and stress-reducing resources, lower socioeconomic status groups are more
likely to have high parity and more likely to be at an increased risk of mortality
(Hoffman 2005; Musick et al. 2009). Higher SES groups, on the other hand, are
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more likely to opt out of childbearing, have fewer children, and live longer than
lower SES groups (Casper and Bianchi 2002; Hoffman 2005; Musick et al. 2009).

Second, health selection also may be a concern as major health problems at a
young age may impede one’s ability to have children. Roughly 10-15% of the
people in Western populations currently experience infertility (World Health
Organization 2003) and some of this infertility is linked to health problems severe
enough to prevent them from having children altogether (Chachamovich et al.
2010). In addition, people who have serious health problems may experience
difficulties in forming romantic unions (including marriage). Lillard and Panis
(1996) found that young men in good health were more likely to marry than young
men who were in poor health. While marriage is no longer a required context for
bearing children (Hamilton et al. 2010), this may mean that poor health reduces the
number of children born.

Former studies accounting for potential selection effects such as pre-childbearing
health and socioeconomic status, suggested that selection accounts for some, but not
all, of the association between parity and parental mortality. For example, Green
et al. (1988) found a significant association between parity and cause-specific
mortality among women in Britain, which they claimed could not be explained by
social class. Similarly, Hurt et al. (2006) found that, among a cohort of mothers in
Bangladesh, parity (in this case number of sons born) was positively associated with
mortality even once models were adjusted for age, education, marital status,
religion, and area of residence (each linked to both SES and health status). Finally,
Jaffe et al. (2009) found a significant parity-mortality association among Israeli
women even after adjusting for age, education, SES, and lifestyle factors. These
studies suggest that selection may not be enough to explain the association.

Prior Meta-Analyses and the Current Study

In the current study, we examine the association between parity and all-cause
parental mortality using meta-analysis and multivariate meta-regression. The
sample studies were restricted to those where baseline data were collected after
1945 in developed nations. Our primary contribution to the literature is a larger
scale (compared to prior studies), controlled examination of the J-curve hypothesis,
which posits that both low and high parity tend to be associated with a higher risk of
all-cause parental mortality when compared to moderate parity. Meta-analysis and
meta-regression techniques are particularly well suited for the examination of the
J-curve hypothesis, as heterogeneity with respect to family size, respondents’ sex
and age distributions, geographic location, and other factors can be leveraged in
fruitful ways. In short, studies that were not designed to test the J-curve hypothesis,
moderating variable hypotheses, and/or selection hypotheses can still—when used
in combination with other studies through a meta-regression—provide the basis for
testing these hypotheses directly.

A number of previous meta-analytic studies have examined the relationship
between parity and individual health outcomes [see Dahabreh et al. (2012) for an
examination of lung cancer in women; see Ewertz et al. (1990) for an examination
of breast cancer; see Guan et al. (2014) for an examination of pancreatic cancer; see
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Guan et al. (2013a) for an examination of kidney cancer; see Guan et al. (2013b) for
an examination of colorectal cancer]. However, these all rely on a relatively small
number of studies and all assume the parity-health association follows a linear
“dose-response” structure. We are aware of only one prior meta-analysis of the
parity-mortality association (Zeng et al. 2016), which shows a significant J-shaped
curve association (with the minimum relative risk associated with between 3 and 4
children). Our analysis extends the literature by examining a broader range of
studies. In addition, unlike Zeng et al. (2016), the current study examines key
moderators of the parity-mortality relationship and, unlike prior studies, addresses
selection.

Methods
Data Collection and Study Inclusion Criteria

The candidate pool of studies was gathered using an iterative search strategy (see
Roelfs et al. 2013), beginning with a keyword search in the Medline, EMBASE,
CINAHL, and Web of Science databases in 2005 (see “Appendix” for the search
terms used) and updated through September of 2016. The search was designed to
capture the association between various types of social support and all-cause
mortality. Figure 1 illustrates our full search and exclusion process. In total, we
identified 752 studies which required further examination. Of these, 415 were
excluded because all-cause mortality was not the outcome, they did not use a
relative risk measure; they did not include variables for any of the target measures
of social support, or the analysis technique or data were noticeably flawed.

The full database of relative mortality risk measures for social support contained
information from 337 studies. Of these 337 studies, 270 were excluded because they
contained no measure of social support from children and 20 were excluded because
they did not specifically measure number of children, but rather only looked at the
effects of having versus not having children. Of the remaining publications, 4 were
excluded because these studies were conducted in an incomparable, developing
nation (e.g., Bangladesh), 4 were excluded because they contained redundant data,
and 9 were excluded because they measured mortality during an incomparable time
period (prior to 1945). At the end of this process, we were left with 37 studies on
which we base this study.

Analytic Approach

To examine the relationship between parity and all-cause parental mortality, we
include data on 223 measures of relative mortality risk from 37 studies (see
Table 1). A meta-analysis model was used to estimate the mean hazard ratio,
stratified by the number of covariates. A meta-regression model (a weighted linear
regression) was used to estimate the effect of covariates on the magnitude of the
hazard ratios across sample studies. We assessed the presence and magnitude of
heterogeneity using Q-tests. All of our analyses were calculated by maximum
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762 candidate studies of social
support and health

415 lacking 347 remaining eligible

adequate social
support and/or all- T

cause mortality [ 1

measure .
270 lacking measure 77 remaining
of support from eligible
children T
l ]
21 lacking 56 remaining
measure of cligible
number of
children ,—I—|

4 lacking geographic or
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comparability

Bangladesh) I

52 remaining
eligible

5 containing 47 remaining
redundant data eligible

—I—

10 lacking time
period
comparability

(pre-1945)
L Included in

analysis

37 remaining
eligible

Fig. 1 Study inclusion/exclusion flow diagram

likelihood using a random effects model (fixed slope, random intercept) and matrix
macros provided by Lipsey and Wilson (2001). The possibility of selection and
publication bias was examined using a funnel plot, with plot asymmetry evaluated
using Egger’s test (Egger and Davey-Smith 1998).

The dependent variable used in the meta-regression (and examined in the meta-
analysis) was the log of the relative mortality hazard (i.e., a hazard ratio; the
numerator group, or case group, included respondents with more children and the
denominator, or comparison group, included respondents with fewer children).
Statistical methods varied between studies, and all non-hazard-ratio point estimates
were converted to hazard ratios. Where not reported, standard errors were calculated
using (1) confidence intervals, (2) ¢ statistics, (3) y? statistics, or (4) p-values. We
sought to maximize the number of hazard ratios that were analyzed, capturing
variability both between and within studies.

For studies based on individual-level data, a curvilinear relationship between
number of children and the mortality hazard rate can be readily estimated using the
following Cox hazard model: In[A(¢|X)] = In[Ao(t)] + B, X + B.X° + B.X° + D B:X;
where In[A(¢|X)] denotes the natural log of the mortality hazard rate; ¢ denotes time;
X denotes the number of children a respondent has; the X; s denote a vector of
appropriate covariates, and the fs denote the corresponding unstandardized
regression coefficients).

For meta-analyses, however, the data used contain only aggregated results and
measurement strategies vary between studies. The number of children was measured
in the 37 studies in our analysis using either (in 27 of the studies) discrete categories
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Table 1 Summary information for studies included in the analysis
Authors Country Study Measurement used Number of  Sample
years HRs used size
Daling et al. United States 1983-2000 Discrete categories (0, 3 1174
(2002) 1, 2-3, 4+)
Dior et al. Israel 1964-2005 Discrete categories (1, 3 40,454
(2013) 2-4,5-9, 10+)
Doblhammer Austria 1981-1997 Discrete categories (0, 5 1,254,153
(2000) 1,2,3,4,5+4)
Green et al. United Kingdom 1971-1981 Discrete categories (0, 5 108,352
(1988) 1,2,3,4,54)
Grundy and Norway 19802003 Discrete categories (0, 20 1,530,101
Kravdal 1,2,3,4,5+)
(2008)
Grundy and United Kingdom 19712000 Discrete Categories (0, 15 87,246
Tomassini 1,2,3,4,5+)
Guilley et al. Switzerland 1994-1999  Discrete categories (0, 1 295
(2005) 1+)
Hank (2010) East Germany 19902006 Discrete categories (0, 4 2283
1,2, 3,44)
West Germany 1984-2006 Discrete categories (0, 4 7231
1,2,3,4+4)
Henretta (2007)  United States 1994-2002 Discrete categories (0, 5 4335
1,2,3,4,54)
Hermalin et al. ~ Taiwan 1989-2003  Continuous count 2 4049
(2009)
Jacobsen et al. United States 1974-1988 Discrete categories (0, 5 12,688
(2011) 1,2,3,4,54)
Jaffe et al. Israel 1995-2004 Discrete categories (0, 20 134,555
(2009) 1, 2, 3-4,5-7, 84)
Jylha and Aro Finland 1979-1985 Discrete categories (0, 4 1060
(1989) 1+)
Keizer et al. Netherlands 1991-2008 Discrete categories (0, 3 4965
(2011) 1, 2-3, 44)
Koski- Finland 1965-2001 Discrete categories (1, 3 12,055
Rahikkala 2-4, 5-9, 10+)
et al. (2006)
Kotler and United States 1965-1982 Discrete categories (0, 6 3188
Wingard 1-3, 44)
(1989)
Kravdal (2003)  Norway 1960-1999 Discrete categories (0, 4 3638
1-2, 3+)
Kroenke et al. United States 1992-2004 Discrete categories (0, 3 2835
(2006) 1-2, 3-5, 6+4)
Kuningas et al.  Netherlands 19992009 Discrete categories (0, 3 3575
(2011) 1,2-3, 44)
Kvale et al. Norway 1961-1980 Discrete categories (0, 10 63,090
(1994) 1,2,3,4,5+4)
Continuous count 2
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Table 1 continued

Authors Country Study Measurement used Number of  Sample
years HRs used size

Lund et al. Norway 1970-1985 Discrete categories (0, 29 822,593

(1990) 1,2,3,4,5,6+)
Continuous count 6

Manor et al. Israel 1983-1992 Discrete categories (0, 10 79,623
(2000) 1,2, 3,4-5, 6+)

Martikainen Finland 1980-1985 Continuous count 1 4,779,535
(1995)

Menotti et al. Italy 1960-2000 Discrete categories (0, 1 1712
(2006) 1+)

Mohle-Boetani ~ United States 1973-1985 Discrete categories (0, 1 838
et al. (1988) 1+)

Olson et al. United States 1978-1992 Discrete categories (0, 2 540
(1998) 1-2, 3+)

Simons et al. Australia 1988-2004 Discrete categories (0, 12 2804
(2012) 1,2,3,4,5, 6+)

Smith and Zick  United States 1968-1987 Continuous count 2 2604
(1994)

Spence (2006) United States 1967-2001 Continuous count 1 3258

Sun and Liu China 1998-2000 Continuous count 1 7938
(2008)

Tamakoshi et al.  Japan 1988-2006 Discrete categories (0, 10 110,792

1,2,3,4,5+)

Trivers et al. United States 1990-2000 Discrete categories (0, 2 1264
(2007) 1-3, 44)

Villingshoj et al. Denmark 1991-2002 Continuous count 1 770
(2006)

Walter- Israel 1989-1997 Continuous count 1 1340
Ginzburg Discrete categories (0, 4
et al. (2002) 1,2, 3, 4+4)

Weitoft et al. Sweden 1990-1995 Discrete categories (1, 4 712,479
(2000) 2-3, 4+)

Weitoft et al. Sweden 1990-2000 Continuous count 1 682,919
(2004)

Yasuda et al. United States 1984-1994 Discrete categories (0, 4 806
(1997) 1-2, 3+)

(e.g., 0-2 children vs. 3 or more children) or (in 7 of the studies) continuous
measures (i.e., a count of the number of children). The three additional studies
included in the analysis used both discrete and continuous measures. While studies
using either type of measures can be used for meta-analyses, the continuous
measures provide information about a linear association alone while the central goal
of the present paper is to test for a nonlinear association. The discrete measures have
a methodological advantage in that they can be used in a meta-regression to produce
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estimates of regression coefficients one would have obtained if one had individual-
level data.

Meta-regression variables—calculated from both the mean number of children
among the numerator (case) group and the mean number of children among the
denominator (comparison) group—allow one to estimate coefficients equal to those
in an individual-level study. Estimates are based on the following:

I[A1X)] = [ (0] + BiX + BX? + BX0 + S BX.. (1)

Let A(t|X + k) denote the hazard rate for group 1 and /(¢/X) denote the hazard
rate for group 2, where k is any integer >1. Then, the natural log of the hazard ratio
can be expressed as follows:

In (%) = In[A(t[X + k)] — In[A(1|X))]. )

Substituting X + k for X in Eq. (1) yields

In[Z(11X)] = In[20(0)] + B1 (X + k) + (X + k) *+B(X +K)°+ DX (3)

Substituting Eqs. (3) and (1), respectively, into Eq. (2) yields

" (%) = (Il (0] + B (X + ) + B (X + K+ B3 (X + 1)+ D Bxi

— {0 (0] + BX + BoX2 + BiX* + 3 B )

Cancelling terms and rearrangement yields

In (%) = BX+k) =X+ B |(X + k)2—x2] + B [(x + k)3—x3} - (5)

As the derivation above shows, the coefficient for the difference between the
number of children for the case group and the number of children for the comparison
group (i.e., the coefficient for X,,5c — X onrror) produces an estimate of the main effect
(i.e., an estimate of f;, the coefficient for X in an individual-level study of the
association between number of children and the mortality hazard rate). The coefficient
for the difference between the squared parity levels (i.e., the coefficient for
X2 . — X2 ) produces an estimate of the quadratic effect (i.., an estimate of 3,
the coefficient for X? in an individual-level study of the association between number of
children and the mortality hazard rate). The coefficient for the difference between the
cubed parity levels (i.e., the coefficient for X3, , — X3 ) produces an estimate of the
cubic effect (i.e., an estimate of 35, the coefficient for X 3 in an individual-level study of
the association between number of children and the mortality hazard rate). Together,
the three variables allow us to use meta-regression to examine whether the relationship
between parity and the risk of all-cause mortality is nonlinear.
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Where the number of children was measured using discrete categories, we
recorded information on the lower and upper boundaries for both the numerator
(case) group and the denominator (control) group. Assuming a Poisson distribution,
we used the information on these lower and upper boundaries to estimate the mean
number of children for both groups (e.g., a group with a range from 4 to 5 has an
estimated mean of 4.38). In cases where the upper boundary of the category was not
reported, we conservatively assumed the maximum to be 25 children (we also
checked for robustness by comparing the results with other assumed maximums; see
the limitations section for a full description). Descriptive statistics for all variables
are reported in Table 2.

Additional covariates include: (1) the proportion of the sample that was male
(modeled as an interaction with the parity variables); (2) the mean age of the study
sample (adjusted for differences in baseline dates by adding the number of years
elapsed since the study baseline to the mean age reported at baseline; the adjusted
mean age was also modeled as an interaction with the parity variables), divided by
ten; (3) the number of years elapsed since baseline data collection began, divided by
10; (4) an indicator variable for whether or not the study sample suffered from a
known chronic condition; (5) the underlying death rate in the sample; (6) the
duration of follow-up particular to the study; (7) a series of dummy variables
capturing the regions where the study was conducted; (8) a series of indicator
variables for whether or not the study controlled in any way for age, other
demographic factors, socioeconomic status, general health status, health-related
behaviors (e.g., smoking, drinking), or the presence of chronic health conditions at
the individual level; and (9) an indicator variable for whether or not the weighting
variable for the regression needed to be estimated prior to analysis.

The proportion of the sample that was male (sex) and interactions between sex
and the parity variables were included in order to examine sex differences in the
magnitude of the social support-mortality association. Age (measured as the mean
age of the study sample after adjustment for differences in baseline study dates) and
interactions between age and the parity variables were included to examine possible
changes in the parity-mortality association across age cohorts. The number of years
elapsed since baseline data collection began was included to control for time trends
in the parity-mortality association; this control is particularly important given the
changes in parity norms over the four decades represented by these data. The
indicator variable measuring the presence of a chronic health condition across the
entire sample was included because ratio comparisons among non-healthy samples
tended to be closer to 1 because the death rates for both the numerator and
denominator groups were high.

We controlled for the underlying death rate for the sample in order to account for
any factors, other than chronic illness, which might also affect the magnitude of the
relative mortality hazard in similar ways (i.e., the statistical artifact of being less
able to detect differences in hazard rates when death rates are high). Data on death
rates was obtained from the Human Mortality Database (University of California-
Berkeley & Max Planck Institute for Demographic Research 2011). The underlying
death rate was then calculated using a weighted average, such that the result would
be matched to a particular study in terms of the nation from which the sample was
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Table 2 Descriptive statistics

Minimum Maximum Mean (%)

Mean number of children in numerator group (more children)* 1 10.4 3.6
Mean number of children in denominator group (fewer children)® 0 3.8 0.7

Sex of the sample

Male only 19.7
Female only 76.7
Mixed sex 3.6
Mean age of the sample” 62.0 125.5 94.2
Year baseline data collection began
1960-1969 14.3
1970-1979 30.0
1980-1989 34.1
1990-1999 21.5
Chronic health condition for sample (1 = yes) 0.9
Underlying annual death rate (per 1000 population) 0.04 153.2 11.7
Follow-up duration (years) 1 40 15.8
Study controlled for
Age 79.8
Other demographic factors 42.2
Socioeconomic status 57.8
General health status 229
Health behaviors (smoking, drinking, etc.) 18.4
Chronic conditions 20.6
Regression weight estimated (1 = yes) 11.2

N = 223 hazard ratios (205 using a categorical measure and 18 using a continuous measure of number of
children), except where otherwise indicated

? Based on N = 205 hazard ratios using a categorical measure of number of children

 Mean age standardized to age as of 2016 by adding the number of years elapsed since the baseline data
collection date to the mean age of the sample at baseline. Mean age as of the study baselines (which
ranged from 1960 to 1999) ranged from 28.0 to 92.0, with an average mean age of 57.5

drawn, the year in which the study was conducted, and the sex and age of the
respondents.

We controlled for the mean follow-up duration of a study in order to account for
differences in the length of time over which mortality could occur. We controlled
for the region in which a study was conducted by creating categories taking into
account both geographic proximity and cultural similarity. We used seven
categories: East Asia (China, Japan, and Taiwan), Australia, Mediterranean Europe
(Israel and Italy), Germanic Europe (Austria, Germany, the Netherlands, and
Switzerland), Scandinavian Europe (Denmark, Finland, Norway, and Sweden), the
United Kingdom, and the United States. We also controlled for differences in the
types of covariates used in each of the articles in our sample by including a series of
indicator variables. These are important indicators of selection. For example, if
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health selection helps explain why we might observe a higher mortality risk among
people with no or few children (i.e., they cannot have any/many children because
they are already unhealthy), then should observe lower hazard ratios for studies that
control for health when compared to studies that do not control for health.
Controlling for these differences is also important because we did not use the
presence or absence of certain covariates as a factor when making inclusion/
exclusion decisions.

We also included an indicator variable to identify the minority of cases where we
had to estimate the weight used for a particular hazard ratio rather than calculate the
weight directly from the variance of the hazard ratio (necessary for 11.2% of the
hazard ratios included in the analysis). In these cases, we estimated the regression
weight using multiple regression from all 347 studies (2971 hazard ratios) in our
database. Significant predictors of the standard error were sample size (log
transformed), follow-up duration, publication date, the geographic region in which
the study was conducted, and an indicator for whether the study controlled for age
(Multiple R = .663). We also conducted meta-analyses both including and
excluding studies for which we estimated the regression weight. Thus, we retained
the ability to assess the impact of regression weight estimation on the final results.
Sensitivity tests showed that there were only minor differences in the results when
we excluded the 11.2% of the hazard ratios with estimated inverse variance weights
from the analysis. We therefore chose to leave these in the reported analyses, to
increase statistical power and our ability to identify important subgroup differences.

Both the study selection process and the inclusion of the indicator variables (for
whether or not a study controlled for age, other demographic factors, SES, general
health, health-related behaviors, or chronic health conditions and the indicator
variable for whether or not the study included precise information on the standard
error of an effect estimate) serve the additional function of controlling for
differences in study quality. The first six indicator variables help to assess whether
the study accounted for important confounding factors. The last indicator variable
helps to assess the statistical rigor of the study itself.

Results

In Table 3, we report the meta-regression results predicting hazard ratio magnitude
using a discrete categorical measure of family size. The full model includes all
covariates and the parsimonious model includes only significant covariates. The
results of both models suggest a significant nonlinear association between the
magnitude of the hazard ratio and the mean number of children in the denominator
or the comparison group that interacts with both sex and age cohort. These results
generally show a curvilinear relationship between parity and all-cause parental
mortality such that the mortality rate initially decreases but then later increases as
parity increases.

The relationships between sex, parity, and mortality are shown in Fig. 2 [which is
derived from the interactions between sex and X5 — Xconrot (p = .0254), sex and
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Table 3 Meta-regression models predicting HR magnitude (logged) among studies of number of chil-
dren using a discrete categorical measure of family size and an all-cause mortality outcome

Full model

Parsimonious model

Constant
Effect of number of children (X)*
XC(ISF - XL'()’(TT{)[

2 2
XL'“S(’ - XL'()"TV()I

3 3
Xm:e - X('omrol

Proportion of the sample that was male
(sex)
Interactions
Sex * Xcase — Xcontrol
Sex * XLZ'H.YE - X?-omml
Sex * Xgaxe - X?'om‘ml
Mean age of the sample (divided by 10)°
Interactions
Mean age * Xcuse — Xcontrol
Mean age * X2, — X2 ol

* y3 _v3
Mean age * X;, ., — X;

control
Years elapsed since baseline data was
collected (divided by 10)

Chronic health condition for sample
(I = yes)

Underlying death rate

Follow-up duration (years)

Country/region where study was
conducted (reference = U.S.)

Japan
Australia
Mediterranean Europe (Israel, Italy)

Germanic Europe (Austria, Germany,
Netherlands, Switzerland)

Scandinavian Europe (Finland,
Norway, Sweden)

United Kingdom

Study controlled for
Age
Other demographic factors
Socioeconomic status
General health status

Health behaviors (smoking, drinking,
etc.)

Chronic conditions

—0.3797 (p = .0322)

—0.4165 (p = .0029)
0.0952 (p = .0056)
—0.0051 (p = .0725)
0.0398 (p = .3251)

—0.0727 (p = .0274)
0.0215 (p = .0141)

—0.0018 (p = .0236)
~0.0246 (p = .1992)

0.0287 (p = .0503)
—0.0070 (p = .0541)
0.0004 (p = .1949)
0.1237 (p < .0001)

0.2057 (p = .0839)

0.0049 (p < .0001)
0.0065 (p = .0001)

0.0337 (p = .6116)
0.3309 (p = .0013)
—0.1321 (p = .0010)
0.0658 (p = .1725)

—0.3122 (p < .0001)

—0.3842 (p < .0001)

0.1866 (p < .0001)
—0.0028 (p = .9409)
0.0469 (p = .1715)

—0.0873 (p = .1866)
—0.3047 (p = .0001)

0.2790 (p = .0001)

—0.3192 (p = .0625)

—0.2795 (p = .0077)
0.0505 (p < .0001)
~0.0015 (p = .0001)
0.0436 (p = .2809)

—0.0734 (p = .0254)
0.0221 (p = .0118)

—0.0018 (p = .0216)
—0.0189 (p = .3087)

0.0141 (p = .1930)
—0.0022 (p = .0427)
ns

0.0939 (p < .0001)
ns

0.0041 (p < .0001)
0.0076 (p < .0001)

0.0187 (p = .7668)
0.2782 (p = .0006)
—0.1121 (p = .0017)
0.1017 (p = .0125)

—0.2899 (p < .0001)

—0.3278 (p < .0001)

0.1717 (p < .0001)
ns
ns
ns
~0.3391 (p < .0001)

0.2581 (p = .0001)
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Table 3 continued

Full model Parsimonious model

Regression weight estimated (1 = yes) 0.0692 (p = .0600) 0.0818 (p = .0187)

Numbers reported are regression coefficients, which represent the effect of covariates on the log of the
HR reported in a study (p value in parentheses). Exponentiating the regression coefficients would provide
aratio of a HR at one level on the IV to the HR at the next lowest level. Ellipses indicate when a variable
was not entered into the model. N = 205 hazard ratios. R*> = .7002 for the full model and R* = .6905 for
the parsimonious model

* The case group refers to persons with a greater number of children and the control group refers to
persons with a lesser number of children

® Mean age standardized to age as of 2016 by adding the number of years elapsed since the baseline data
collection date to the mean age of the sample at baseline. This adjusted mean age was then divided by 10

250
2.00
1.50 /
— Men
1.00 _

\\\._‘" / Women

Predicted Mean HR

0.50

0.00

Number of Children

Fig. 2 Predicted mean hazard ratio by parity and sex from parsimonious model

X2, — X . (p=.0118),and sex and X>,, — X> . (p = .0216), as well as the
main effects for sex (p = .2809; variable included so the interaction is properly
specified statistically) and the three parity measures themselves (p = .0077,
p < .0001, and p < .0001, respectively)]. The relationships between age cohort,
parity, and mortality are shown in Fig. 3, [which is derived from the interactions
between age and X 45e — Xconrrot (p = .1930; variable retained so the interaction is
properly specified) and age and X2, , — X2, (p = .0427), but not age and X>_, —
X3 .1 (p=.1949; the interaction could be removed from the model without
compromising proper model specification), as well as the main effects for age
(p = .3087; variable included so the interaction is properly specified statistically)
and the three parity measures themselves (p values same as reported for sex)]. For
both Figs. 2 and 3, confidence intervals for the predicted hazard ratios are available
in the “Appendix”.

As Fig. 2 shows, there is a clear non-linear, J-shaped curve association between
parity and mortality risk for both men and women. In fact, for parity levels less than
or equal to 7 children, there are no appreciable differences between men and
women. Compared to men or women with no children, there is a trend of decreasing
relative mortality risk until a parity of 3 children is reached. For a parity of 4 or
more, the relative mortality risk increases again, reaching a point (at a parity of
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Fig. 3 Predicted mean hazard ratio by parity and age (standardized for study baseline date)

approximately 7 children) where the relative mortality risk is about equal to that of
nulliparous men and women. Differences between men and women only meaning-
fully emerge at about 7 children, with the predicted mean hazard ratio rising to 2.13
for women with 10 children (again compared to women with no children) but only
1.61 for men with 10 children. This suggests that the health risks of very large
family sizes are greater for women compared to men. However, it is worth noting
that since most parents have 7 or fewer children, sex differences in mortality risks
associated with parity affect few people.

As Fig. 3 shows, the J-shaped curve parity-mortality association is stronger for
more recent cohorts versus older cohorts (if at all for the latter group). For
respondents 60 years of age (as of 2016), the J-curve pattern is clear — the lowest
relative mortality risk occurs at approximately 3 children (the hazard ratio is about
25.1% lower for 3 versus O children). Similarly to Fig. 2, the relative mortality
hazard increases above 3 children, with approximately 7—8 children associated with
about the same mortality risk as nulliparous persons. The mortality risk for those
with 10 children is about 32.4% higher than that of nulliparous persons and about
76.9% higher than those with 3 children.

As Fig. 3 also shows, for respondents who would have been age 120 as of 2016,
the parity-mortality association was different. For this age cohort, the relative
mortality risk is strictly highest for nulliparous individuals, with the hazard ratio
essentially falling as parity increases, even to 7, 8, 9, or 10 children. The pattern for
this cohort is also one where the differences between the relative mortality hazard at
different parity levels are muted. For example, in this oldest cohort, the relative
mortality hazard for nulliparous people is only 21.3% higher than the relative
mortality hazard for those with 10 children (with this 21.3% difference highest
among all possible parity comparisons). This finding may reflect changes in family
norms over the periods and cohorts reflected in the sample. For example, in
developed nations in the 1960s versus later periods, there were few nulliparous
adults.
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The statistically significant covariates in the parsimonious model of Table 3
include the number of years elapsed since baseline data collection began (i.e., the
time period); the underlying death rate for the study; the follow-up duration of the
study; the geographic region where the study was conducted; whether or not the
study controlled for age, health behaviors, and chronic health conditions; and
whether the standard error was reported in the original study results. Non-significant
covariates included whether or not an entire study’s sample had a chronic health
condition (p = .0839), whether or not the study controlled for demographic factors
other than age (p = .9409), whether or not the study controlled for socioeconomic
status (p = .1715), and whether or not the study controlled for general health status
(p = .1866).

Among the covariates included in the analysis, the indicator variables for whether
or not a study controlled for socioeconomic status, general health status, health
behaviors, and chronic health conditions provide some insight into the presence/
strength of certain types of selection effects (and allowing for the direct examination
of the effect of statistical control on study results, a measure of study quality). The
results indicate that health selection is important. The mean hazard ratio for studies
that controlled for chronic health conditions was 29.45% higher (exponentiated
coefficient = 1.2945; p < .0001) than the mean hazard ratio for studies that did not.
Caution must be taken, however, when drawing conclusions with respect to health
selection, as the other indicator variables related to health (general health status and
health-related behaviors) provide contrasting results. The mean hazard ratio for
studies that controlled for adverse health behaviors like smoking and drinking was
29.76% lower (exponentiated coefficient = 0.7124; p < .0001) than the mean
hazard ratio for studies that did not. In addition, the indicator variable for whether or
not a study controlled for general health status was not statistically significant,
suggesting the mean hazard ratios were equal for studies that controlled for general
health and those that did not. Health factors were important, but the direction of
their influence was mixed.

The indicator variable for whether or not the original study provided enough
information to calculate accurately an effect estimate’s standard error was also
statistically significant—studies that failed to directly report a standard error (i.e.,
the lower-quality studies), on average, over-estimated the mean mortality hazard by
approximately 8.52% (exponentiated coefficient = 1.0852; p = .0187).

Table 4 shows a series of mean hazard ratios from our meta-analyses. When the
223 hazard ratios were stratified solely by level of statistical adjustment, among
multivariate-adjusted studies, we found the mortality hazard was, on average,
4.58% lower (p < .01) for respondents with more children when compared to
those with fewer children. Not surprisingly, the difference in mortality hazard was
greater, in relative terms, among studies that only controlled for age (19.25%
decreased hazard; p < .001) or utilized no control variables (15.38% decreased
hazard; p < .001). There were no substantial differences between the subset of
hazard ratios based on discrete measures of parity and the subset based on
continuous measures.
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Fig. 4 Funnel plot of hazard ratios (logged) vs. meta-analysis weight. Vertical line denotes the mean
hazard ratio (logged) of —0.0871 among the 205 hazard ratios from studies using a categorical measure
for number of children. P value from Egger’s test for funnel plot assymetry <.001

Limitations

In terms of heterogeneity, the results suggest strongly that important between-study
differences exist; and therefore the meta-regression results are preferred over the
simpler meta-analysis results. One should interpret the mean hazard ratios from the
meta-analyses reported in Table 4 with caution. The null hypothesis of data
homogeneity was rejected (at the .05 level) for two of the eleven mean hazard ratios,
and was only marginally significant (i.e., at the .10 level) in another 3 of the 11. The
meta-regression accounted for approximately 70% of the variance among the hazard
ratios, which suggests that the included covariates captured much of the data
heterogeneity present in the simpler meta-analyses.

The results of Egger’s test for funnel plot asymmetry (p < .001) indicated
publication/selection bias in the data. A visual examination of the funnel plot (see
Fig. 4) suggests there may be missing studies with higher log hazards and small
weights. A visual examination also shows a few outlying (low) log hazard ratios
with large weights. The absence of higher log hazards with small weights suggests
that the mean mortality risk reported in our findings is slightly lower than it would
be if there was no publication bias. Conversely, the outlying log hazard ratios with
large weights would decrease the mean hazard ratio estimate. While it is not
possible to accurately assess whether the two phenomena balance out, the opposing
directions of the two suggests that they at least partially cancel out each other.
Consistent with the above results addressing heterogeneity, Fig. 4 further under-
scores the meta-regression (Table 3) versus meta-analysis results (Table 4).
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One must also be cautious in trying to determine precisely what numbers of
children constitute “low parity,” “moderate parity,” and “high parity,” particularly
when drawing observations from Figs. 2 and 3. It is important to note that the
studies were substantially based on somewhat older data (i.e., from the 1960s and
1970s) and that even the more recent studies are based on respondents who bore and
reared their children many years prior to the study baseline date. Having a small
family (or no children altogether) is much more accepted today than at these earlier
times, and our study cannot provide a high level of certainty as to whether the
parity-mortality association found here fully captures the variation in adults in their
childbearing years. Indeed, in Western (and increasingly in Eastern, see Raymo
et al. 2015) countries, family forms have changed considerably over the past few
decades. While most childbearing continues to occur within marital unions, many
families today are formed outside of marriage, many parental unions dissolve, and
many parents have children within more than one union (e.g., Casper and Bianchi
2002). Parents who live apart from their children following parental separation or
divorce often have less contact with their children, particularly if they have children
with new partners or spouses (i.e., more frequently fathers as they are more likely to
be the non-custodial parents). Decreased contact may mean that children provide
less social support to non-custodial parents as they age. To the extent that social
support offsets the effects of aging and reduces the risk of mortality (particularly
among parents with 2 or 3 children), increased family complexity may complicate
the association between parity and all-cause parental mortality.

Kravdal et al. (2012), for example, find that mortality rates vary considerably
among parents who divorce, do not marry, and/or have step-children. These
variations may be the result of biological children—who live apart from a parent
during childhood—providing more care for the (childhood) custodial parent as they
age. Moreover, step-children may be more likely to care for their (childhood)
custodial biological versus (childhood) custodial step-parent. Thus, step-parents,
particularly those who also have children from prior partnerships, may find
themselves in particularly vulnerable situations as they age—biological children
from whom they lived apart and step-children may provide them with little social
support. While data limitations do not allow us to examine these associations, they
are worth exploring in future studies.

Our study may also be limited by our choice to assume a maximum of 25
children for any parity grouping where the upper bound of the parity range was
unknown (e.g., for a category of 54 children). To address this possible limitation,
we did sensitivity analyses where we assumed either 15 or 20 children for the upper
bound. The results were the same. The estimates for the mean number of children of
5+, for example, was 5.72871560 if we assumed a maximum of 25 children and was
5.72870856 if we assumed a maximum of 15 children for the same parity range. The
mean difference (from which the parity IVs are derived) was only 0.00000704,
which does not influence the coefficients or their associated p-values in any
concerning way.
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Discussion

We used data from 37 studies and 223 measures of relative mortality risk to
examine the relationship between parity and all-cause parental mortality. Meta-
analysis was used to estimate the mean hazard ratio, stratified by the number of
covariates. Meta-regression techniques were used to estimate the effect of
covariates on the magnitude of the hazard ratios across sample studies. Our results
suggest that there is a significant J-shaped curve association between parity and all-
cause parental mortality. That is, the mortality hazard rate decreases as parity
increases up to 3 children, but increases at higher levels of parity (for both men and
women, but more so for more recent versus earlier cohorts). We found that the
nonlinear association between parity and all-cause parental mortality is moderated
both by parents’ sex and by cohort. Finally, we also found that the presence of
statistical controls for health factors influenced the original study results, though the
direction was unclear.

Nulliparous adults and adults with low parity tend to have higher versus lower
socioeconomic backgrounds (Casper and Bianchi 2002), and therefore have
financial resources which may positively affect their health. However, our findings
suggest that the long-term consequences of nulliparity and low parity may be
offset by other factors. One such factor may be social support and the social
connections between parents and children over their life course. Emotional and/or
instrumental social support is a resource that often money cannot buy. Yet,
research suggests that these are priceless resources to one’s health net of SES. In
particular, aging populations benefit from receipt of social support (e.g., Avlund
et al. 1998; Lyyra and Heikkinen 2006) and access to support increases parents’
ability to cope with the onset of diseases and/or disabilities associated with aging
(e.g., Penninx et al. 1997). Research further suggests that adult children provide a
substantial proportion of social support to their aging parents (e.g., Stein et al.
1998) and that social isolation (i.e., little to no access to support) increases the
risk of mortality (see House 2001; House et al. 1988). In China, for example, the
system of care for aging parents has become much more complex as a result of
the one-child policy. Traditionally, aging parents in China (as in some Western
countries, including the U.S.) have relied on their children to provide care, but
lower overall parity has decreased the extent to which children are available to
provide support and care to aging parents (e.g., see Song et al. 2016). Moreover,
nulliparity and low parity may increase the risk of social isolation, particularly
following the loss of a spouse or for those who never marry—parity may operate
through social integration to influence parents’ risk of mortality (see Roelfs et al.
2011; Shor et al. 2012). This might explain why we observe significantly lower
risks of mortality at higher levels of parity — there are more children around to
provide support. While our data do not allow us to test directly this hypothesis,
future studies may consider the potential mediating influence of social isolation in
the association between parity (particularly nulliparity and low parity) and
parental mortality.
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Another factor that may account for the elevated mortality risk observed among
nulliparous and low parity adults may be health selection, which our findings
suggest is present in significant ways. This at least partially corroborates previous
research suggesting that those who experience health problems may also experience
difficultly with union formation and childbearing (Chachamovich et al. 2010;
Lillard and Panis 1996). Those who have very low parity may be at an increased risk
of mortality due to factors associated with either early life or pre-childbearing health
conditions. Our data are limited to those confounding factors that were included in
the sample studies. Thus, we are unable to account for a number of health-related
factors that are likely to influence early life or pre-childbearing health conditions
(e.g., diseases associated with infertility). Even so, our findings corroborate those of
others (e.g., Jaffe et al. 2009) who found that the parity-health association in
Western countries is not entirely explained away by health selection mechanisms.

The persistence of the SES gradient in health and mortality (see Elo 2009 for a
review) suggests that SES background explains much of the variation in long-term
health trajectories. Furthermore, it is certainly possible that the observed mortality
risks associated with having relatively few children exacerbate the pre-existing
mortality risks associated with SES as those in lower SES groups who do not have
children may not be able to purchase care late in life. Due to data limitations, we are
unable to explore this possibility. We did, however, attempt to (partially) address
the existence of SES selection by comparing the mean hazard ratio of studies that
controlled for SES to the mean hazard ratio of those that did not. We found that
controlling for SES significantly increases the mean hazard.

Finally, various studies have suggested that parity has a stronger effect on the
longevity of females than on the longevity of males (Alter et al. 2007; Daling et al.
2002; Dribe 2004; Henretta 2007; Penn and Smith 2007). We found no support for
this assumption in our study. Both the non-significance of the main effects and the
interactions between sex and parity suggest that the shape, direction, and
significance of the nonlinear association between parity and all-cause mortality
are similar for males and females. One possible explanation for this surprising
finding may be that the social factors associated with all-cause parental mortality are
more important, in the long-run, than the physical factors associated with
childbearing. That is, it may be that any physical toll of childbearing and
childrearing that is predominately born by women is largely offset by the
qualitatively higher level of social support that mothers often receive from their
children. This possible balancing process may eventually render the health
trajectories of mothers and fathers more or less equal. Indeed, Bird and Rieker
(1999) convincingly argue that to better understand the differences in health
outcomes among women and men, scholars must account for both biological and
social influences.
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Appendix

Section 1: Full Search Algorithms for Medline (Comparable Search
Algorithms Used for the Other Database Searches)

[T NS T NS T N6 T N T NS I NS I e e e e e e
QNP OVOINNRE LD = OO

27.
28.
29.

30.

31.
32.
33.
34.
35.

P NN R L=

exp stress, psychological/mo

exp Stress, Psychological/

exp mortality/

mo.fs.

(death$ or mortalit$ or fatal$).tw.

or/3-5

2 and 6

1or7

stress$.tw.

exp caregivers/

caregiv$.tw.

(care giver$ or care giving).tw.

exp family/

exp siblings/

exp divorce/

exp marriage/

(marital adj (strife or discord)).tw.

widow$.tw.

(marriage or married).tw.

divorce$.tw.

famil$.tw.

(son or sons).tw.

daughter$.tw.

(spous$ or partner$ or husband$ or wife or wives).tw.
(mother$ or father$ or sibling$ or sister$ or brother$).tw.
exp dissent/and disputes.mp. [mp = title, original title, abstract, name of
substance word, subject heading word]

exp domestic violence/

domestic violence.tw.

((child$ or partner$ or spous$ or elder$ or wife or wives) adj5 (violen$ or
abuse$ or beat$ or cruelty or assault$ or batter$)).tw.
((mental$ or physical$ or verbal or sexual$) adj2 (violen$ or abuse$ or
cruelty)).tw.

exp PEDOPHILIA/

(pedophil$ or paedophil$).tw.

exp social class/

exp socioeconomic factors/

(socioeconomic$ or socio economic$).tw.
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36.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
358.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.
69.
70.
71.
72.
73.
74.

((financ$ or money or economic) adj (stress$ or problem$ or hardship$ or
burden$)).tw.

exp poverty/

(poverty or poor or depriv$).tw.

exp residence characteristics/

((neighbo?rhood or resident$) adj (characteristic$ or factor$)).tw.
(crowd$ or overcrowd$).tw.

exp prejudice/

(prejudic$ or racis$ or discriminat$).tw.

exp social isolation/

exp social support/

(social adj (isolat$ or support$ or connect$ or depriv$ or function$ or
influen$ or interact$ or relationship$ or separat$ or ties)).tw.

exp friends/

(acquaintance$ or companion$ or friend$).tw.

neighbo?r$.tw.

exp interpersonal relations/

(social adj network$).tw.

exp social behavior/

(social$ adj activ$).tw.

exp work/

exp employment/

exp job satisfaction/

exp work schedule/

exp occupational disease/

exp occupational health/

exp workplace/

(job or jobs).ti,ab.

employ$.ti,ab.

unemploy$.ti,ab.

(shiftwork$ or (work adj2 shift$)).ti,ab.

karasek$.ti,ab.

overwork$.ti,ab.

(Gob or work or employ$ or occupation$) adj (satisf$ or condition$ or
discontent or stress$)).ti,ab.

exp ACCULTURATION/

acculturat$.ti,ab.

(migrant$ or immigrant$ or guest work$).ti,ab.

exp Life Change Events/

((trauma$ or life) adj (change or event$ or stress$)).ti,ab.

exp natural disasters/

(natural disaster$ or earthquake$ or hurricane$ or volcan$ or typhoon$ or
tsunami$ or avalanche$ or fire$ or flood$).ti,ab.
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75.
76.

77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.

exp FIRES/

exp STRESS DISORDERS, POST-TRAUMATIC/or exp OXIDATIVE ST
RESS/or exp ECHOCARDIOGRAPHY, STRESS/or exp HEAT STRESS
DISORDERS/or exp DENTAL STRESS ANALYSIS/or exp STRESS, ME
CHANICAL/or exp STRESS FIBERS/or exp URINARY INCONTINEN
CE, STRESS/or exp FRACTURES, STRESS/or stress disorders, traumatic,

acute/or exp exercise test/

((stress or exercise) adj test$).sh,tw.
exp Accidents, Occupational/
(occupation$ adj (hazard$ or accident$)).tw.
or/76-79

2or9

or/10-75

or/76-79

82 not 83

and/6,81,84

8 or 85

exp Cohort Studies/

Controlled Clinical Trials/
controlled clinical trial.pt.
((incidence or concurrent) adj (study or studies)).tw.
comparative study.sh.

evaluation studies.sh.

follow-up studies.sh.

prospective studies.sh.

control$.tw.

prospectiv$.tw.

volunteer$.tw.

or/87-97

86 and 98

limit 99 to humans

Section 2: Calculated Margins of Error for Figs. 2 and 3

As noted in the text accompanying Figs. 2 and 3, confidence limits for the predicted
hazard ratios, though useful, cannot be easily added to the graphs without rendering
the overall figure incomprehensible. With this in mind, we first present the formulas
needed to calculate these confidence limits and the calculations.

First, note that meta-regression is a form of weighted OLS regression. For
weighted OLS, where the dependent variable is the log hazard ratio, the expected
(predicted) values for the log hazard are given by the following matrix formula:
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Y =x(x"wx)”'x"wy,

where Y denotes an n by 1 vector of predicted values, X denotes the matrix of
independent variables (an n by p matrix where the 1st column consists of only 1s
and the remaining p — 1 = k columns contain the observed values for the k inde-
pendent variables in the model), W denotes an n by n diagonal matrix of regression
weights (i.e., a square matrix with the inverse variance weights for all n cases in the
data located on the upper-left to lower-right diagonal and with O s everywhere else
in the matrix), and Y denotes an n by 1 vector of observed log hazard ratios. Note
also that any matrix with a superscript T indicates the transpose of that matrix and
that any matrix with a superscript —1 indicates the inverse of that matrix.
The mean square error is therefore given by

MSE = \/_]1(_1 (y-7)'(y-7)

and the standard error for the predicted mean response [calculated using an p by /
vector (denoted as Xj, in the formula below), where the 1st value is a 1, the values
for the independent variables used for the x-axis and (if applicable) z-axis of the
graph set equal to the desired prediction value, and all other values (for the
remaining [Vs) set equal to the means for the corresponding variables] equals

by = \/MSE « X (XTWX) ™' X,

From these equations we can derive the 95% confidence intervals for Figs. 2 and
3 as shown in Tables 5 and 6 below.

Table 5 Predicted mean hazard

ratio with 95% confidence Parity Predicted mean HR (95% CI)

interval corresponding to Fig. 2 Men Women

(a graph of the predicted mean

HR only) 0 1.0446 (1.0355-1.0537) 1.0000 (0.9947-1.0053)
1 0.7866 (0.7817-0.7916) 0.7941 (0.7911-0.7972)
2 0.6715 (0.6672-0.6758) 0.6914 (0.6886-0.6943)
3 0.6371 (0.6320-0.6423) 0.6541 (0.6511-0.6571)
4 0.6586 (0.6518-0.6655) 0.6663 (0.6629-0.6697)
5 0.7273 (0.7183-0.7364) 0.7243 (0.7203-0.7284)
6 0.8411 (0.8298-0.8526) 0.8328 (0.8277-0.8379)
7 0.9988 (0.9844-1.0134) 1.0035 (0.9956-1.0115)
8 1.1939 (1.1717-1.2164) 1.2561 (1.2403-1.2720)
9 1.4083 (1.3669-1.4511) 1.6185 (1.5844-1.6534)

—_
o

1.6074 (1.5301-1.6886)

2.1276 (2.0554-2.2023)
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