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How to allocate resources between somatic maintenance and reproduction in a manner that maximizes inclusive
fitness is a fundamental challenge for all organisms. Life history theory predicts that effort put into somatic
maintenance (health) should vary with sex, mating and parenting status because men and women have different
costsof reproduction, andbecause life transitions suchas family formationalter thefitnesspayoffs from investing in
current versus future reproduction. However, few tests of how such life history parameters influence behaviours
closely linked to survival exist. Here we examine whether specific forms of preventable death (accidents/suicides,
alcohol-related causes, andotherpreventablediseases) arepredictedbymarital status anddependentoffspring in a
modern developed context; that of Northern Ireland. We predict that men, non-partnered individuals and
individuals who do not have dependent offspring will be at higher risk of preventable death. Running survival
analyses on the entire adult population (aged 16–59, n = 927,134) controlling for socioeconomic position (SEP)
and other potential confounds, we find that being single (compared to cohabiting/married) increases risk of
accidental/suicidedeath formen(butnot forwomen),whereashavingdependent children isassociatedwith lower
risk of preventable mortality for women but less so for men. We also find that the protective effect of partners is
larger for men with low SEP than for high SEP men. Findings support life history predictions and suggest that
individuals respond to variation in fitness costs linked to their mating and parenting status.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

1.1. Background

Individual health can have large impact on fitness outcomes. All else
equal, healthier individuals, those in good physical and mental
condition, are more attractive as partners and more likely to conceive
and successfully raise offspring. Better health is also associated with a
longer life span which enables a higher number of reproductive
opportunities and/or a higher cumulative investment in offspring.
There are thus clear fitness benefits associated with investment in
health. However, because a unit investment in health (somatic effort)
cannot also be invested in other fitness enhancing activities, individuals
face a trade-off between investing in health and other fitness generating
activities, i.e. mating or parenting effort (Stearns, 1992). Life history
theory predicts that individuals should be more likely to participate in
activities that are detrimental to health or likely to shorten life span
when such activities are expected to lead to reproductive benefits. This
might in part explain why many behaviours that greatly increase
morbidity and risk of death are common. In developed countries
smoking, poor diet, excessive alcohol consumption and accidental

deaths related to risk-takingbehaviours are leading causes of premature
mortality (Mokdad, Marks, Stroup, & Gerberding, 2004) and widely
practiced even when they are known to be harmful and resources to
prevent them are available (Buck & Frosini, 2012; Hill, 1993).
Understanding that human behaviour has been shaped by natural
selection to maximize inclusive fitness, not individual health or
longevity, provides an ultimate explanation for why achieving behav-
ioural change continues to prove challenging.

The extent to which individuals engage in activities detrimental
to health varies greatly. Life history theory predicts that individuals
will incur different fitness costs and benefits from shifting resources
from somatic maintenance to reproduction depending on their sex,
resource access and life stage (marital and parenting status). Much of
the variation in preventable death outcomes can be explained by
socioeconomic factors (Marmot, 2005). Socioeconomic differences in
health effort and mortality outcomes have previously been explored
from an evolutionary perspective (e.g. Nettle, 2010a, 2010b, 2011;
Pepper & Nettle, 2014). One proposed explanation for these patterns
is that individuals with lower socioeconomic position (SEP) have less
to gain from investing in preventative health efforts since it is less
likely that they will live to reap subsequent benefits (Nettle, 2010b).
This prediction rests on the assumption that low SEP individuals have
higher extrinsic mortality, i.e. mortality not easily mitigated by
individual effort. In this paper, we focus on less studied factors
related to reproduction—mating and parenting status—that should
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shift fitness benefits associated with health investments. Below we
lay out the life history predictions for these factors and review
existing evidence from the public health literature.

1.2. Sex, mating status and health effort

Men and women differ in a number of ways with regard to
reproduction. These differences impact health and risk-taking behaviour.
Because females invest most in physiological reproduction (i.e. gestation
and lactation), males are anticipated to compete over females. Such
competition may include hazardous, or risk-taking behaviours as a form
of mating effort e.g. physical violence (Kruger & Nesse, 2006; Williams,
1966). Risk-taking males might be attractive to females as they display
physical prowess or ability to outcompete other men (Daly & Wilson,
2001).Whilewomen are constrained to amaximumof one reproductive
event per year, men can father children by several women simulta-
neously. Generally, successful men can thus increase fitness by attaining
multiple mates in a way that females cannot (but see Brown, Laland, &
Borgerhoff Mulder, 2009; Kokko & Jennions, 2008). This means that for
men, themean return in reproductive success of engaging in competitive
activities might be higher on average than a less competitive strategy,
even though the majority of men will suffer the adverse outcome rather
than the rarer payoff (Trivers, 1972). Females, on the other hand, should
generally have lower fitness payoffs from hazardous forms of mating
effort. Importantly, male–male competition need not be violent, nor lead
to mortality. Both under which conditions higher intrasexual competi-
tion is expected and the nature of such competition (whether higher
competition should lead tomore violence) has recently been questioned
(Kokko & Jennions, 2008; Schacht, Rauch, & Borgerhoff Mulder, 2014).
However, sexdifferences inmortality havebeen reported to behighest in
years of high mating competition, higher among never married and low
SEP individuals (Kruger & Nesse, 2006). An illustrative example of sex
differences in mortality comes from communities where no individuals
engage in mating or reproductive effort (monasteries of monks and
nuns): Luy (2003) found that sex-specific mortality was only slightly
lower for nuns than monks, and this difference was due to a longer life
span of the non-reproductive men, rather than a shorter life span of the
non-reproductive women. The sex differences in cost of reproduction
lead to the expectation that single individuals (and in particular men),
should be more likely to engage in health neglect and risk-taking than
women or coupled individuals.

1.3. Parenting status and health effort

Once a mate has been found and family formation has begun,
individuals have lower returns to costly forms of mating effort.
Individuals are predicted to benefit more from avoiding illnesses and
injury when they care for dependent offspring, at least when parental
care is important for child outcomes. Sear and Mace (2008) and Lamb
(2004) have shown that offspring are more likely to survive and have
positive health outcomes if mothers and fathers—the latter at least in
western contexts—are present. Becausemothers investmost in offspring
and their loss is more detrimental to children, mothers are predicted to
takemore precautionswith their health than fathers. However,men also
alter behaviour from mating to parenting effort over the life course.
Testosterone, the reproductive hormone associated with violent and
risk-prone behaviour, is lower in married than non-married men,
decreases with fatherhood (Gettler, McDade, Feranil, & Kuzawa, 2011;
Gray, Kahlenberg, Barrett, Lipson, & Ellison, 2002) and is lower in fathers
who invest more in offspring (Alvergne, Faurie, & Raymond, 2009;
Muller, Marlowe, Bugumba, & Ellison, 2009). Some recent evidence has
shown similarities in functional brain activation in primary caregiving
mothers, secondary caregiving heterosexual fathers and primary
caregiving homosexual fathers in response to infant stimuli (Abraham
et al., 2014). Thus, changes in testosterone level andmalleability of brain
functions shed light on the proximate mechanisms that regulate male

allocation to parenting versus mating effort. Whether such changes
translate to health behaviour with impact on life span and survival in
modern contexts is less well understood.

1.4. Public health evidence

Public health studies examining differences in preventable
mortality between married and non-married individuals, and those
with andwithout children can provide useful insights into variation in
health allocations. These studies, often based on large-scale demo-
graphic data from western countries, generally find that married
individuals have better overall health (Schoenborn, 2004) and lower
mortality than non-married peers (Ben-Shlomo, Smith, Shipley, &
Marmot, 1993). However, a large proportion of the literature on
marital status and mortality focuses on either overall mortality
(Johnson, Backlund, Sorlie, & Loveless, 2000) or specific death
outcomes (e.g. ischemic heart disease) (Manor, Eisenbach, Israeli, &
Friedlander, 2000) that are difficult to interpret as they are not linked
to particular individual behaviours. Less is known about cause-specific
mortality (Silventoinen, Moustgaard, Peltonen, & Martikainen, 2013)
or preventable diseases. Some evidence suggests that not being
married incurs higher risk of accidental death (Burrows, Auger,
Gamache, & Hamel, 2012), suicide (O’Reilly, Rosato, Connolly, &
Cardwell, 2008; Qin, 2000; Silventoinen et al., 2013) and alcohol-re-
lated death (Connolly, O’Reilly, Rosato, & Cardwell, 2011; Koskinen,
Joutsenniemi, Martelin, & Martikainen, 2007). It has also been
suggested that marriage decreases risk of all-cause mortality more for
men than for women (Kaplan & Kronick, 2006; Kposowa, 2000; Shor,
Roelfs, Bugyi, & Schwartz, 2012; Staehelin, Schindler, Spoerri, & Zemp
Stutz, 2012 but see Lund et al., 2002) but few examples of a sex-specific
effect of marriage on preventable mortality outcomes exist.

There are also associations between parity or dependent children
and mortality. Women without children have higher risk of all-cause
mortality (Jaffe, Neumark, Eisenbach, & Manor, 2009), accidental and
alcohol-related death (Grundy & Kravdal, 2010) than women with
children. In a Danish study, having a child less than two years old
decreases risk of suicide death for women, but not for men (Qin,
2000). Studies examining the effect of children on men's risk of death
are scarce, and attempts to adjust for living arrangements when
examining the relationship between parity or dependent children and
mortality are often poor (Koskinen et al., 2007). However, a study of
Swedish men found that childless men who were cohabiting with a
partner had higher risk of death from suicide, external violence and
addiction, compared tomenwhowere custodial fathers and cohabiting
with a partner (Ringbäck Weitoft, Burström, & Rosén, 2004).

1.5. Aims

Overall, non-married and childless individuals appear to have higher
risks of accidental, alcohol-relateddeaths, suicide andall-causemortality.
However, at present it is difficult to drawanyfirm conclusion about these
effects, because confounds and ages of individuals vary substantially
between studies. It is important to test effects of cohabitation/marital
status and dependent children alongside each other as it is otherwise
difficult to isolate effects. Many studies also include adults beyond
pensionable age (e.g. Connolly et al., 2011; O’Reilly et al., 2008). Because
selection pressures should be stronger on traits that exhibit themselves
earlier in life (Medawar, 1952;Williams, 1957), and these behaviours are
assumed to be related to reproductive trade-offs, we are interested in the
effect of marriage and offspring in individuals in young and middle age,
rather than throughout the life course.

Furthermore, few studies compare outcomes that are linked to
risk-taking behaviour to those related to health neglect caused by more
long-term habits. Risk is the unpredictability in outcome of a significant
behaviour (Winterhalder, 2007) and different fromhazardous or unsafe
behaviours that are highly likely to have a negative impact on individual
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