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Abstract Epidemiologists and medical researchers often employ an allostatic load
model that focuses on environmental and lifestyle factors, together with bio-
logical vulnerabilities, to explain the deterioration of human physiological
systems and chronic degenerative disease. Although this perspective has in-
formed medicine and public health, it is agnostic toward the functional signif-
icance of pathophysiology and health deterioration. Drawing on Life History
(LH) theory, the current paper reviews the literature on disadvantaged families
to serve as a conceptual model of stress-health relationships in which the
allocation of reproductive effort is instantiated in the LH strategies of individ-
uals and reflects the bioenergetic and material resource tradeoffs. We propose
that researchers interested in health disparities reframe chronic degenerative
diseases as outcomes resulting from strategic calibration of physiological systems to
best adapt, survive, and reproduce in response to demands of specific developmental
contexts. These effects of adversity on later-age degenerative disease are mediated, in
part, by socioemotional and cognitive mechanisms expressed in different life history
strategies.
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Unpredictability schema

In this review, we closely examine processes in disadvantaged families to serve
as a conceptual model of stress-health relationships in which the allocation of
reproductive effort is regulated by the varying life history (LH) strategies of
individuals and reflects the bioenergetic and material resource tradeoffs speci-
fied by those evolved adaptive strategies. The conceptualization of LH tradeoffs
is a powerful heuristic tool that can be used to generate unique hypotheses
regarding the allocation of energy toward features of ontogeny (e.g., birth
weight, age at menarche) and the behavioral and psychological implications
associated with such allocations. Despite the research advances within develop-
mental and epidemiological research investigating health disparities among
disadvantaged groups, we suggest that new advances in these fields will occur
if researchers consider chronic degenerative diseases as the result of strategic
physiological calibration of systems to best adapt, survive, and reproduce in
response to demands from specific developmental contexts.

We propose that the application of life history theory will generate novel
predictions regarding the mediating pathways through which variation in lon-
gevity and degenerative diseases during senescence represent the consequences
of relevant conditional adaptations to environmental conditions over develop-
ment. By explicitly considering the implications of diversity in human life
history strategies in understanding human degenerative diseases, we reframe
physiological dysregulation and pathology as the result of selective physiolog-
ical Binvestments^ and Btradeoffs^ in the service of survival and reproduction
over the life course, and not as the direct result of exogenous adversity, as is
often done. Previous applications of LH theory within the developmental
sciences has allowed for the generation and empirical confirmation of novel
and integrative hypotheses about health and disease that are truly cross-
disciplinary (e.g., Del Giudice et al. 2011; Ellis and Del Giudice 2014;
Ellison and Jasienska 2007; Gluckman et al. 2011; Kuzawa and Quinn 2009;
McDade 2003; Nettle et al. 2013). The present review examines the special
case of disadvantaged families to articulate how contextual factors such as
socioecological stressors may alter cognitive schemas, socioemotional function-
ing, reproductive behaviors, and, ultimately, longevity.

We begin by reviewing relevant principles from LH theory. We then recon-
sider the well-established effects of social and ecological stressors on chronic
degenerative disease and longevity as the observed empirical phenomena and
reinterpret them in terms of LH theory. Next we examine disadvantage families
and their household and contextual processes to serve as an application of LH
theory to research on stress-health relationships and reproductive effort. Finally, we
provide a summary and integration of the previous sections, and we consider some
possible opportunities for medical and psychosocial intervention that might help prevent
or protect against some of the health disparities stemming from adverse consequences of
reproductive effort on long-term health.
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Life History Theory

LH theory (Charnov 1993; Roff 1992; Stearns 1992) is an evolutionary theory used to
explain between- and within-species differences in how individuals adapt their phys-
iology and behavior to different ecological conditions. Individual organisms possess a
finite amount of time, energy, and resources that they can allocate toward specific facets
of development: growth, survival, and reproduction. Thus, individuals are selected to
make tradeoffs that prioritize investment in specific facets of development, so that
greater investment of time and/or resources in one domain occurs at the expense of
investment in competing domains. For example, resources spent on an inflammatory
host response to fight infection cannot be spent on reproductive effort. The benefits of
an inflammatory host response are traded off against the costs of lower ovarian function
in women and reduced musculoskeletal function in men (Clancy et al. 2013;
Muehlenbein and Bribiescas 2010). These tradeoffs, which track both internal condi-
tions and external environments, function to maximize fitness – survival and repro-
duction – within the specific ecology in which the organism is developing and in
relation to the organism’s phenotypic condition (e.g., Bjorklund and Ellis 2014;
Rickard et al. 2014).

A central intra-individual LH tradeoff is between somatic effort, which consists of
the costs of maintenance and growth of the organism (i.e., all of the bioenergetic
resources devoted to growing the brain and body and delaying mortality), and repro-
ductive effort, the Bcosts of reproduction^ the organism incurs. Reproductive effort is
further broken down between mating and parenting. Again, devoting energy in one
area of development usually requires more energetic resources allocated away from
other areas of development. These tradeoffs are instantiated in critical decisions over
the life course, such as earlier versus later reproduction and quantity versus quality of
offspring, that define alternative developmental pathways, or life history strategies
(Ellis et al. 2009; Stearns et al. 2008).

Different life history strategies encompass integrated suites of behavioral, psycho-
logical and physiological traits that vary along a dimension of fast versus slow (e.g.,
Del Giudice et al. 2015). As reviewed in Ellis et al. (2009); Del Giudice et al. (2015),
and Figueredo et al. (2006, 2013), Fast life history strategies are comparatively high
risk and present oriented (taking benefits opportunistically with little regard for long-
term consequences), prioritize mating effort (e.g., competitive risk-taking, aggression),
are characterized by earlier ages of sexual development and reproduction, and focus on
producing of a greater number of offspring with less investment of resources, time, and
energy in each. By contrast, slow life history strategies are comparatively long-term
oriented and low risk (e.g., longer time horizons, more delay of gratification, better self-
regulation and behavioral control), are characterized by later timing of sexual devel-
opment and reproduction, and focus on producing a smaller number of offspring and
investing heavily in each of them.

Life history theory and research suggest that individuals oriented toward a faster life
history strategy devote less energy toward maintaining their health or growth in
comparison to those with a slower life history strategy (Brumbach et al. 2009; Ellis
and Del Giudice 2014; Figueredo et al. 2004; Figueredo et al. 2007; Figueredo and
Rushton 2009). Thus, tradeoffs between somatic effort and reproductive effort contrib-
ute to physiological and behavioral characteristics that collectively define life history
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strategies. As a species, humans are generally oriented toward a slow LH strategy (Del
Giudice et al. 2015), that includes altricial births, long childhoods, high parental effort,
and long lifespans.

The two main components of somatic effort, maintenance and growth, are selec-
tively salient depending on the developmental stage and condition of the organism. For
instance, during infancy, maintenance (e.g., allocation of nutritional energy toward
development of immune function) is in direct competition with growth (e.g., allocation
of nutritional energy toward increasing in size; McDade 2003, 2005). If the infant is
nutritionally deprived, priority must be placed on the facet of somatic effort most
important to infant survival within the ecology. In this case, the infant’s body size is
reduced. Although this nutrient-conserving reduction may be associated with insulin
resistance and nephron-deficient kidneys that predispose lower-birthweight individuals
toward metabolic syndrome and renal failure, it may also reserve metabolic resources
for brain growth (Hales and Barker 1992; Kuzawa and Quinn 2009). During childhood,
broadly, brain-derived glucose demands account for approximately 66 % of an indi-
vidual’s resting metabolic rate, with peak glucose demands peaking at age 5 (Kuzawa
et al. 2014). At peak brain development in childhood, body growth decelerates. Thus,
immediate needs are prioritized, with potential long-term implications for the organism.

Growth and maintenance associated with somatic effort are essential for organism
survival; however, for an organism to propagate its genetic lineage, it must reproduce.
Reproductive Effort consists of mating effort, whereby the organism must seek,
compete with rivals, maintain, and copulate with a sexual partner. Parental effort
consists of gestating, caring, feeding, and protecting and caring for offspring.
Differences between the sexes affect the strategies pursued toward mating versus
parenting (Trivers 1972). According to Trivers (1972), large physiological minimal
investment biases females toward greater selectivity in choosing mates and higher
ongoing parental investment in extant offspring. Recent theorists have extended
Trivers’ (1972) model to include contextual factors such as adult and operation sex
ratio (discussed and defined later in our paper) that impact mating opportunities and
paternity certainty (Geary 2000; Kokko and Jennions 2008). We next discuss contex-
tual factors that impact life history strategies, broadly.

Environmental Stressors

The key dimensions of the environment that regulate development of life history are
availability of resources, extrinsic morbidity–mortality (i.e., external sources of disabil-
ity and death that are relatively insensitive to the adaptive decisions of the organism),
and predictability of environmental change (Ellis et al. 2009). Energetic resources—
caloric intake, energy expenditures, and related health conditions—set the baseline for
development, slowing growth and delaying sexual maturation and reproduction under
energetic stress (i.e., favoring a slow life history strategy). As reviewed in Ellis et al.
(2009), when bioenergetic resources are adequate to support growth and development,
cues to extrinsic morbidity-mortality and unpredictability gain importance. In this
context, LH theory predicts that individuals will respond to extrinsic morbidity-
mortality cues (e.g., exposures to violence, premature disability and death of people
around you) and unpredictability (e.g., stochastic changes in ecological context,
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resource availability, family composition) by entraining faster life history strategies (see
Belsky et al. 2012; Brumbach et al. 2009; Doom et al. 2015 and Simpson et al. 2012,
for supporting longitudinal data). Developmental models based on LH theory empha-
size that these ecological factors tend to operate indirectly on children through more
proximal processes, including those mediated by family processes (e.g., harsh parental
discipline vs. warm and supportive parenting behaviors, family chaos vs. routines). For
example, parental investment can buffer the impact of extrinsic mortality cues, or
heighten controllability or predictability by providing a stable caregiving environment
(e.g., Szepsenwol et al. 2015). Indeed, much of the effect of Btoxic stress^ on children’s
development works through the mechanism of both exposure and failure of supportive
parental relationships to buffer the child from stress exposure (Shonkoff and Bales
2011).

Environmental harshness within Western populations has been typically operation-
alized as low socioeconomic status – whereby low socioeconomic status is associated
with higher extrinsic morbidity/mortality at all ages (Belsky et al. 2012). Higher levels
of adult extrinsic morbidity/mortality should orient men and women to allocate energy
toward reproduction and minimize somatic investment in order to quickly reproduce
before they succumb to death or illness (Belsky et al. 1991; Ellis et al. 2009).
Ecological conditions that vary unpredictably do not provide organisms with reliable
gauges of the environment. In these conditions, an organism should instead seek
strategies that optimize fitness by reproducing earlier and, as a consequence of a
strategy that maximizes reproductive effort, potentially shortening the length of life
(Belsky et al. 1991; Ellis et al. 2009). A considerable amount of evolutionary-
developmental research employing LH theory has focused on early pubertal timing
as an indicator of a fast strategy (Belsky et al. 1991; Ellis 2004). Conducted in Western
societies, this research has tended to focus on proximal family factors and processes
(which presumably mediate larger ecological factors) such as father absence, parental
warmth, and inter-parental conflict. In well-nourished Western samples, exposures to
family adversity (e.g., high conflict, low parental warmth and investment, father
absence) tends to be associated with earlier pubertal development (reviewed in Ellis
2004, 2013; Belsky 2012) and early onset of sexual activity, higher number of sexual
partners, and higher rates of adolescent pregnancy (e.g., Ellis et al. 2003; Wight et al.
2006). Within this context, the effects of sexual abuse on LH strategies has received
increasing attention. Vigil et al. (2005) have argued that sexual abuse in childhood may
provide victims of abuse with cues that they are living in an environment where
Breduced parental or kinship investment^ resulted in Bfailure to protect the girl from
sexual exploitation^ (p. 554). They found that adverse experiences of childhood sexual
abuse were associated with an accelerated reproductive strategy in women (earlier age
of menarche, sexual debut, first birth, and earlier desire and readiness for children; see
also Mendle et al. 2015).

Sociocognitive Mediators and/or Outcomes of Ecological Stressors

Sociocognitive functioningmay be defined as the development of cognitive schemata to
serve as heuristics in guiding behavior to be able to navigate adaptively through the
unique social contingencies encountered in any particular social ecology. Different
social and ecological Blandscapes^ should produce varying suites of behavior, such as
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antagonistic vs. mutualistic social schemata. Functionally, the reason for the two
distinct suites of behaviors resides in the assumptions of conspecific behavior within
the ecology. For example, in contexts (like harsh but predictable environments) that
produce slow life history strategists, we should expect to see prosocial and cooperative
behaviors reflecting convergent interests, meaning that individuals must cooperate with
conspecifics to successfully acquire resources. Consequently, behavior of slow life
history strategists is mutualistic or interpersonally-oriented, meaning that slow life
history strategists behave in a manner that would be defined as Bsocially competent^
or Bprosocial^ which involves successfully navigating, negotiating, and cooperating
with conspecifics to extract resources from the environment (Gladden et al. 2013).

This emergence of prosocial functioning is because stable, predictable, and control-
lable environments present humans with different affordances, such as for long-term
cooperation towards common fitness-enhancing goals. Stable ambient ecologies give
rise to stable human societies, meaning stable interpersonal relations that provide
conditions favoring mutualism, reciprocity, and other forms of altruistic, prosocial
behaviors based on mutual trust and interdependence (including long-term pair-bond-
ing among romantic partners, cooperative and shared parenting of offspring, and family
formation; see Geary and Flinn 2001). Due to decreased extrinsic morbidity and
mortality, populations within such ecologies tend to reach the carrying capacity of their
environments, and these population-dense social ecologies require a higher mastery of
social skills to navigate successfully. Under such socioecological conditions, human
babies should therefore preferentially allocate their developmental resources toward
somatic maintenance and growth, especially sufficient brain growth (Alexander 1974;
Flinn 2006) to enable the acquisition of the necessary social skills to achieve social
success among one’s conspecifics (Darwin’s Bapproval of one’s fellows,^ as a means of
survival and reproduction in the context of human society).

Thus, these non-zero-sum socioecological affordances favor the development of
mutualistic social-cognitive schemata and mutualistic social strategies (Figueredo and
Jacobs 2010), simply because they can yield a long-term fitness Bprofit^ in such
environments. An individual human developing within such a supportive and cooper-
ative social ecology also internalizes these conditions as social cognitions that serve as
the fundamental heuristics directing social behavior and social development, leading to
further elaboration and extension of cooperative social networks in a Bvirtuous^ rather
than Bvicious^ cycle.

Although some might argue that in the long run such providential behaviors are
ultimately more beneficial for everyone generally, the main Btake-home^ message of a
life history approach to understanding the effects of different social ecologies is that
these purported benefits are only available where there is a long run that an individual
can realistically expect to live to see and eventually profit from. The empirical literature
is also clear on this point. Research on executive functioning, a construct associated
with regulatory/inhibitory behaviors and prefrontal functioning, has established that the
association between life history and empathy is mediated by executive functioning;
slower life history increases executive functioning, which increases empathy
(Figueredo et al. 2012). In a sample of young women, slow life history strategy was
associated with enhanced executive functions (permitting greater impulse control, more
prudent long-term planning, and improved judgment and decision-making) and in-
creased emotional intelligence (enhanced ability to understand and manage one’s own
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emotions as well as the emotional states of others), which, in turn, contributed to the
suppression of preferences for short-term mating strategies, and instead fostered the
development of preferences for long-term romantic relationships (Figueredo et al.
2012). Related cross-sectional and longitudinal studies (Olderbak and Figueredo
2009, 2010) have indeed shown that slow life history strategies are significant predic-
tors of long-term relationship satisfaction and long-term pair-bond stability (non-
dissolution of romantic relationships).

Conversely, if the environment is both harsh and unpredictable, the collective
behavior will be divergent, meaning that conspecifics will have individual and diver-
gent interests in acquiring resources (Belsky et al. 1991; Ellis et al. 2009; Gladden et al.
2013). Behaviorally, a fast LH strategist who resides in a harsh and unpredictable
environment would pursue a behavioral strategy defined as opportunistic or antago-
nistic (Belsky et al. 1991; Gladden et al. 2013) which includes the use of aggressive,
hostile, and impulsive behavior to successfully extract resources from one’s ecology
and from conspecifics. An antagonistic behavioral strategy should be enacted by
schemas and a worldview that conspecifics and the environment is unreliable (Ross
and Hill 2002). Recent evidence suggests that low-investing maternal parenting pre-
dicted greater perceptions of unpredictability in middle childhood (Cabeza de Baca
et al. 2016). Prior experience with violent events also appears to increase risk percep-
tions of future hazardous events in adults (Blum et al. 2014) and post-traumatic stress
symptomatology in children (Garfin et al. 2014). In addition to exposure to disasters,
having high conflict with a caregiver also increased PTSD symptomatology (Garfin
et al. 2014).

Socioemotional Mediators and/or Outcomes of Ecological Stressors

Socioemotional functioning is defined as the constellation of affective dispositional
traits that produce specific behaviors in varying contexts, evoking behavior among
conspecifics (e.g., cooperative behavior or conflictual behavior). Taylor et al. (2011)
assert that emotional functioning and psychosocial resources, which broadly includes
social skills that are necessary to successfully negotiate and navigate one’s ecology,
mediates the association between early childhood adversity and physiological
senescence. The model presented by Taylor et al. (2011) posits that childhood exposure
to ecological adversity shapes the physiological systems to function for the Bhere-and-
now,^ discounting future functioning. Life history models (e.g., Ellis et al. 2009, 2013)
propose that these costs to future functioning induced by immediate needs may be part
of a cohesive and coordinated strategy based on resource allocation in salient facets of
development necessary for survival and reproduction. Utilizing both the model
presented by Taylor et al. (2011) and life history theory, physiological calibration to
ecological cues contributes to behavior that is conditionally adaptive to the organism’s
environment (Belsky et al. 1991; Del Giudice et al. 2011).

Further, these dispositional traits and social abilities lead the individual to seek
specific organism-directed situations and environments. For instance, an individual
high in hostility and with poor social skills may react more negatively in certain
situations than individuals low on hostility and with good social competence, evoking
negative behavior from conspecifics. Additionally, a hostile individual might seek
certain situations and niches that an individual low on hostility would not seek.
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Given that life history strategies are coordinated, we should see different patterns of
socioemotional and sociocognitive behavior emerge based on the life history strategy
employed by the individual. Research indeed finds behavioral variation among slow
and fast life history strategists. Specifically, mutualistic strategies, including emotional
intelligence and executive functioning, converged with other behavioral indicators of
slow life history (Gladden et al. 2013). Taken together, these findings support the
hypotheses derived from life history: slow life history strategists will be less impulsive
and more emotionally attuned to conspecifics to maximize cooperation and acquisition
of resources. Mapping onto mutualistic and antagonist social strategies, researchers
recently found that the type of pleasure an individual seeks is correlated with markers of
health (Fredrickson et al. 2013). Distinctions have been made between hedonic plea-
sure, defined as Bindividual’s positive affective experiences,^ with eudaemonic plea-
sure, defined as pleasure that strives Btoward meaning and a noble purpose beyond
simple self-gratification^ (Fredrickson et al. 2013, p. 1). Hedonic pleasure could be
conceptualized as more antagonistic than eudaemonic pleasure because it `emphasizes
self-interests more than mutualistic, collective goal-seeking behavior. Fredrickson et al.
(2013) reported that hedonic pleasure was positively associated with up-regulation of
the Bconservational transcriptional response to adversity^ (CTRA) suite of genes that
increase pro-inflammatory response and decrease antiviral response. Conversely, the
CTRA genetic profile was down-regulated in individuals high on eudaemonic pleasure.

The Interplay Among Multiple Stressors: The Case of BDisadvantaged
Families^

We now examine disadvantaged families as specific examples of how systematic
environmental impoverishment (harshness and unpredictability) produces a cascade
of consequences that result in predictable patterns of reproductive effort. This constel-
lation of Brisk factors^ is often merely presented as a list of different dimensions of
socioeconomic disadvantage. Instead, we have presented them as a series of cumulative
causal influences that reflect the mediating mechanisms proposed by adaptive calibra-
tion models of life history strategy, in the hopes of better elucidating why these patterns
of adversity are so highly correlated with each other. Figure 1 shows our working
conceptual schematic, with each hypothesized pathway of causal influence numerically
coded to the sequentially ordered variables for ease of reference throughout the text that
follows. Thus, in a section that examines the effect of Economic Scarcity and
Harshness (Variable 1) upon Excess Criminality and Incarceration (Variable 4), we
would have the parenthetic reference Bp41^ using the standard path-analytic notation
for the hypothesized causal link, indicating the influence on Variable 4 originating from
Variable 1.

We begin by discussing the ecological stressors experienced by poor, ethnic minority
families, providing a case study of living in harsh, unpredictable environments. As per
LH theory, this leads through a series of steps into the cognitive and behavioral
manifestations of a fast LH strategy (e.g., divergent, exploitative, antagonistic
social strategies), into the biodemographic markers of a fast LH strategy (e.g.,
early age at first birth, more offspring with lower parental investment per
child).

100 Adaptive Human Behavior and Physiology (2016) 2:93–115



Economic Scarcity and Harshness (v1) These represent the double hardships caused by
the combination of discrimination and prejudice experienced by ethnic minorities in the
United States and the reduction in the availability of resources (including quality
education and employment) allocated to them by the social system. Ethnicity and
poverty are highly confounded in the United States, disproportionately increasing the
chances that members of ethnic minorities are exposed to increased levels of harshness
and unpredictability. Minority Stress models (Meyer 2003) posit that disadvantaged
groups have been chronically exposed to higher levels of stress in addition to stressors
unique to marginalized groups (e.g., stigma and discrimination), such as institutional
barriers that impede or deprive minorities of social mobility, access to healthcare or
basic necessities. That is, disadvantaged families consistently experience both the
Binsult^ and the Binjury^ associated with lower socioeconomic status. As Figueredo
(2001, p. 232) put it: BIt might be the profound social insult, and not the mere physical
injury, that distinguishes survivors of social victimization^.

We can divide these components conceptually inmore commonly accessible language as
consisting of: (1) the injury, meaning the actual chronic and sustainedmaterial deprivation in
terms of physical resources needed for optimal somatic and reproductive development; and
(2) the insult, meaning the associated psychological and physiological harm that the
psychosocial implications of this deprivation might have for the child’s social status in a
hierarchically-structured society (e.g., threats to social-self; Dickerson et al. 2004). The
majority of the work reviewed here addresses the adverse material effects of low-resource
environments and recognition of structural barriers and discrimination that maintain these
inequities. The mechanism implied is one of chronic (and often intergenerationally
sustained) absolute resource deprivation, whereas relative resource deprivation, the inequi-
table societal allocation of whatever resources are available among individuals or social
groups based on their relative social dominance, rank, or status, is well-documented in social
psychology, sociology, and economic theory.

Resource discrepancies coupled with stressors stemming from discrimination should
thus increase the level of ecological harshness experienced by minority populations. As
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Fig. 1 Conceptual schematic of the cumulative causal influences of harshness and unpredictability in
disadvantaged families
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a result of these harsh and unpredictable conditions, allocation of resources among
alternative behaviors, including intense competition, increased violence, and earlier
reproduction, were prioritized over developmental timeframes.

As an illustration, African Americans have been shown to experience high levels of
resource scarcity resulting from longstanding institutional barriers (Williams 1999;
Williams et al. 2010). The median income gap between African American and
European American households widened in 2007(African Americans, $33,916;
European Americans, $52,115; US Census Bureau 2008), resulting in the largest
recorded income discrepancy betweenminority andmajority groups since the government
began collecting data over 25 years ago (Pew Research Center 2011, p. 1). Households
most affected during this time were African American (e.g., Irvin Painter 2007). Family
quality of life is directly impacted by economic disadvantage and indirectly influences a
child’s immediate environment (Bronfenbrenner 1979; Yoshikawa et al. 2012) through
increasing unpredictability (e.g., unstable households and neighborhoods) and increased
exposure to conditions of extrinsic morbidity and mortality (e.g., homicide, early adult
illness/death). Low-income neighborhoods include individuals who cannot afford to own
their homes, whose tenuous connections to the labor market or reliance on low-wage jobs
with high rates of turnover lead to unstable monthly incomes that often result in multiple
moves and unstable households. These unstable and very low incomes are probably
responsible for the low rates of home ownership and also leave individuals vulnerable
to the impact of unexpected costs such as illness (e.g., extrinsic morbidity).

Extrinsic Morbidity and Mortality (v2) Economic scarcity and harshness contribute
directly to extrinsic morbidity and mortality in socially disadvantaged populations
(p21; Adler and Stewart 2010; Braveman et al. 2011; Chen et al. 2002). As a result,
African Americans, in comparison to European Americans, experience a lower life
expectancy – with male life expectancy at 71.7 years (versus 76.4 for European
American males) and female life expectancy at 77.8 years (versus 81.1 for European
American females) (Kochanek et al. 2015).

Opportunistic, Antagonistic Behavior (v3) Resource-scarce and unpredictable ecolo-
gies produce opportunistic, exploitative, and antagonistic interpersonal strategies (p31;
Belsky et al. 1991; Figueredo and Jacobs 2010). Disadvantage arising from institutional
barriers and inequitable distribution of resources create an environment that should bias
developmental allocation toward socially problematic behaviors to acquire status,
resources, and access to reproductive partners. For example, some adolescents who
grew up in unstable neighborhoods and households are more likely engage with
delinquent peers and to engage in risky, antisocial activities (reviewed in Moffitt
1993). Dishion et al. (2012) found an association between a harsh adolescent environ-
ment, characterized by poverty, low familial support, and peer marginalization, and the
influence of delinquent peers during late adolescence. The study by Dishion et al.
(2012) is an empirical example of how environmental harshness may orient individuals
toward antagonistic social strategies. Research on environmental harshness and unpre-
dictability has been extended by other researchers to include related factors, such as
unstable households and discrimination (e.g., Roberts et al. 2012).

Extrinsic morbidity and mortality contribute directly to opportunistic, exploitative,
and antagonistic interpersonal strategies in socially disadvantaged populations (p32).
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According to Ellis et al. (2009) Bthe most salient feature of low SES environments
should be exposure to cues indicating high risk of premature disability or death^ (p.
245). Exposure to cues such as deaths or incapacitation of young relatives and peers
through violence (directly or indirectly) and/or residing in high crime areas impact the
social strategies pursued by individuals (Ellis et al. 2009). Elementary school children
exposed to neighborhood or community violence show an increase in aggressive
behavior (Guerra et al. 2003), depression (Quiroga et al. 2015), and increased risk of
failing a grade (Caudillo and Torche 2014).

Additionally, exposure to household conflict, parental harshness, neglect, or low
responsiveness also impact social strategies (Chisholm 1993). In a sample of Mexican
children residing in protective services, for example, exposure to family violence,
which included violence they experienced or witnessed, directly predicted increased
psychological problems such as anxiety and depression, and behavioral issues, mea-
sured by alcohol consumption and antisocial delinquent behavior (Frías Armenta and
Gaxiola Romero 2008). Psychological and behavioral issues predicted poor perfor-
mance in school. Emergence of opportunistic, antagonistic behaviors resulting from
low parental effort appears to occur early in development. Externalizing behaviors in
boys at 2 and 3 years was associated with low maternal responsiveness when the child
was 12 months old (Shaw et al. 1998). Early childhood externalizing behavior prob-
lems often persist into childhood and adolescence (Angold and Egger 2007; Egeland
et al. 1996).

Excess Criminality and Incarceration (v4) Economic scarcity and harshness produces
excess criminality and incarceration in various socially disadvantaged populations
(p41), but this occurs through a variety of mediating pathways. For example, the
intensified competition for status and resources occasioned by resource deprivation
has been proposed to perpetuate male violence and incarceration by emphasizing
hyper-masculinity as a cultural ideal as indicated by extreme violence and competition
(p43; Sampson and Wilson 1995). In relation to the Binsult^ rather than the Binjury^
described above, experimental studies demonstrate that African American men who
experience lab-induced racial discrimination also increase compensatory masculine
displays, operationalized as push-ups, compared to European American men (Goff
et al. 2012). The consequences of hyper-masculinity result in perpetuating a cycle of
resource inequality, low social mobility, and high rates of incarceration (Irvin Painter
2007; Sampson and Wilson 1995). Additionally, the perceptions of future life uncer-
tainty and perceptions of early mortality perpetuate delinquency and criminal offending
trajectories (Caldwell et al. 2006; Piquero 2016). This thus produces a very negative
link between violent crimes like homicide and male life expectancy (r = .88; Wilson
and Daly 1997).

Female-Biased Sex Ratio (v5) Behavioral ecology highlights the importance of sex
ratios of viable mates in organizing mating strategies between males and females. Two
ratios must be considered: (1) the operational sex ratio (OSR), which is the ratio of
males to females ready to mate (Kvarnemo and Ahnesjo 1996) and (2) adult sex ratio
(ASR) which is the ratio of sexually mature males to females. Based on the stressful
conditions described above, African American males experience excess mortality
(Kruger et al. 2013b), the highest proportion of imprisonment in the United States,
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and underrepresentation in higher education (Irvin Painter 2007; Pettit and Western
2004). As a result of both this excess morbidity and mortality (p52) and the high degree
of male incarceration (p54), the sex ratio is biased toward a higher availability of
African American women than men in the marriage market (Irvin Painter 2007).

In support of this perspective, Sampson and Wilson (1995) underscore the value of
considering context as a key risk factor for criminal behavior, by recommending that
behavior should be viewed:

From contextual lenses that highlight the very different ecological contexts that
blacks and whites reside in – regardless of individual characteristics. The basic
thesis is that macro-social patterns of residential inequality give rise to the social
isolation and ecological concentration of the truly disadvantaged, which in turn
leads to structural barriers and cultural adaptations that undermine social organi-
zation and hence the control of crime (Sampson and Wilson 1995, p. 38).

The arguments presented by Sampson and Wilson (1995) are consistent with
evolutionary reasoning: in female-biased versus male-biased environments, the vari-
ance of male mating behavior is higher. Accordingly, the unbalanced distribution of
resources results in a vicious cycle; felons, in some states, lose the right to vote (either
for several years or for life), are disqualified from quality of life programs such as
public housing, public assistance, or jobs, stymieing status and opportunities for
African American men and their families to escape from poverty (Slopen and
Williams 2010). Thus, underrepresentation in higher education may also contribute to
the opportunistic and antagonistic behavior patterns that characterize alternative strat-
egies of competition for status resources, and also indirectly lead to more female-biased
sex ratios in terms of the number of African-American males that are considered
Beligible^ as marriage prospects.

Our conceptual schematic posits that criminal behaviors should produce female-
biased sex ratios through incarceration and mortality; however, it should be acknowl-
edged that the causal direction between the variables could be reversed, implying a
bidirectional relationship. Female-biased countries and communities experience
higher levels of violence, including youth assaults (Kruger et al. 2013a; b) and
murder (Barber 2009).

Unrestricted Socio-Sexuality and Fertility (v6) The ecological factors present in
impoverished neighborhoods were briefly highlighted in the discussion above, specif-
ically emphasizing harshness, unpredictability, and adult male extrinsic mortality. For
example, female-biased sex ratios promote the evolution and development of unre-
stricted sociosexual strategies and increased fertility (p65). Evolutionary reasoning
states that the Brarer^ sex would have more sexual control over the mating market.
This means that in female-biased communities, men would Bcontrol^ the mating
market, emphasizing the allocation of time and bioenergetic resources toward mating
effort than long-term relationships (Kokko and Jennions 2008). Women, in response,
would adjust their mating expectations and settle for lower-investing males (Barber
2003; Kruger and Schlemmer 2009).

Based on this hypothesis, researchers have found evidence that female-biased areas
increase the likelihood of early births (Barber 2000; Uggla and Mace 2015), and

104 Adaptive Human Behavior and Physiology (2016) 2:93–115



increase the proportion of single-mother households (Kruger and Vanas 2012).
Consistent with this work, African American women in economically disadvantaged
communities report perceiving a disjunction between child-bearing and marriage, and
report that having children at an earlier age is an optimal option (Burton 1990;
Geronimus 1996). Women relied on the assistance of their mothers to consolidate
resources and to assist in direct care of the children because women could not rely on
male assistance (Burton 1990; Geronimus 1996). This means that women would
conceive earlier to capitalize on the immediate support and resources present in the
environment such as Bhelpers at the nest.^ Maternal grandmothers frequently serve as
alloparents in African American communities, caring for their daughter’s children.
Further supporting this argument, based on the statistics by The Guttmacher
Institute ( 2012), African Americans between 15 and 19 have the highest rates
of pregnancy – followed by Latinas. In 2006, the average age of first birth for
African American women was 22.7, the second lowest average age for an
ethnic group (Native Americans’ average age of first birth was 21.9; Center
for Disease Control 2009).

Exposure to death, illness, and disability that is independent of health status and age
is a key ecological signal that forecasts that future ecological conditions may continue
to be harsh, uncontrollable, and unpredictable and/or that one’s health and lifespan may
deteriorate rapidly (Nettle et al. 2013). As such, exposure to extrinsic morbidity-
mortality would directly calibrate reproductive strategies and fertility (p62; Stearns
1992). Subjective life expectancy, estimating the age you will live, is one way to gauge
one’s perception of their future. Not surprisingly, those who report increased economic
hardship, diminished hope for the future, and lower educational attainment perceive
their lives to be shorter (Mirowsky and Ross 2000). Contextual factors that directly tie
to exposure to death and illness such as the premature death of a parent also predicted
perception of a shortened life (Denes-Raj and Ehrlichman 1991).

In regards to early cues of extrinsic morbidity and mortality, there is evidence for
ecological impact on reproductive factors. Reports of early household stress (up to age
10) were associated with earlier menarche and age of first birth (Chisholm et al. 2005).
Evidence for tracking of internal states of health (internal predictive adaptive response;
Nettle et al. 2013), also impacts reproduction. Individuals with a history of life-
threatening childhood chronic disease had earlier age of first birth in comparison to
those who did not (Waynforth 2012).

The Bsocial norms^ of acceptable and unacceptable behavior is dependent on the
peer groups that individuals fraternize with. Interacting with Bdelinquent^ peers would
condone deviant behaviors such as aggression or risky sex (p63; Dishion and Dodge
2005). Associating with delinquent peers during late adolescence increases conduct
problems and sexual risk-taking behaviors (Dishion et al. 2012). Further, both sexual
risk-taking and conduct problems were moderately correlated (r = .29), suggesting that
environmental harshness may contribute to a cohesive strategy that involves both
criminal and risky behaviors (p64). Discrimination experienced by African American
youth during middle childhood, has been shown to impact sexual attitudes and risky
sexual behavior three years later (Roberts et al. 2012). The association between
perceived discrimination and risky sex was mediated by deviant peer affiliation,
negative affect and positive attitudes toward sex, suggesting that the negative emotional
sequelae of discrimination may cause youth to seek peers who engage and condone
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deviant behavior such as risky sex. The study further found that attentive parenting
reduced deviant peer affiliation and decreased positive attitudes toward risky sex.

Physiological Deterioration (v7) The research reviewed documents significant health
and physical disparities that exist between majority and minority populations. African
Americans, in comparison to European Americans, develop faster and physically
deteriorate at an earlier age, even when controlling for socioeconomic status and access
to healthcare (Irvin Painter 2007; Williams 1999). While associations between ethnicity
and health have been attributed to SES, researchers have begun to investigate possible
mechanisms for SES-related early health deterioration (Adler and Stewart 2010). Most
obviously, an environment affording elevated levels of extrinsic morbidity and mortal-
ity is a major direct cause of physiological deterioration (p72). Considerable research
(reviewed in Juster et al. 2011 and Taylor et al. 2011) documents positive associations
between early exposure to stressors (e.g., low SES, childhood maltreatment, social
isolation) and chronic degenerative disease in adulthood (Lehman et al. 2005; Shonkoff
et al. 2009).

According to the weathering hypothesis (Geronimus 1992, 1996; Geronimus et al.
2010), African American women strategically follow an Balternative life-course
strategy^ that involves early motherhood, accelerating their reproductive output in
anticipation of the premature biological degradation. This acceleration starts early;
African American girls start puberty earlier than European American girls, at varying
economic strata (Braithwaite et al. 2009; Deardoff et al. 2011). In turn, it is also the case
that the unrestricted sociosexuality and fertility so produced have marked effects upon
further accelerating the physiological deterioration of individuals who are engaging in
elevated levels of mating and parental effort (p76). For example, recent experimental
work has examined the effects of stress on ideal age of marriage and first birth. Women
exposed to the cold-pressor task reported an earlier ideal age of marriage and first birth in
comparison to control women exposed to warm water. Further, the experimenters found a
significant interactionwherebywomen exposed to the cold pressor task and reporting higher
levels of early adversity reported lower ideal ages of marriage and first birth compared to
women who reported lower levels of adversity (Chipman and Morrison 2015).

One possible mechanism for long-term deterioration is the secretion of inflammatory
markers, such as cytokines. When inflammatory markers are chronically secreted due
to injury or illness, the organism incurs somatic deterioration. Somatic deterioration
over time leads to chronic degenerative diseases such as cardiovascular disease (Albert
and Ridker 1999; Ridker et al. 2000), diabetes (Pradhan et al. 2001), and others (Juster
et al. 2011). Evidence for this mechanism has been found with early environmental
stress. Individuals who reported growing up in lower socioeconomic environments
were more likely to report higher levels of childhood family dysfunction (Taylor et al.
2006). Childhood family dysfunction was associated with diminished adult psychoso-
cial functioning; lower psychosocial functioning led to an increase in CRP, indicating
increased systemic inflammation (Taylor et al. 2006).

Inter-sexual competition (males attracting females) and intra-sexual competition
(competing among males for mates) in males requires maintenance of somatic muscu-
larity (i.e., broad shoulders, lean muscle mass increase and adipose tissue decrease),
shunting resources away from immune function (Muehlenbein and Bribiescas 2010).
Androgens responsible for anabolic mass are also immunosuppressive, diverting
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resources toward mating effort and away from parenting and somatic effort. Research
suggesting testosterone’s role in shifting male reproductive strategies from mating to
parenting finds that pair-bonded males have lower levels of testosterone than single
males, (Burnham et al. 2003; Gray et al. 2002). Further, testosterone reactivity exper-
imentally induced through erotic videos negatively correlates to interests in babies
(Zilioli et al. 2016). Slow life history in men is associated with an increase interest in
babies (Zilioli et al. 2016), while short term mating orientation in men is associated with
a decrease in tenderness toward babies (Beall and Schaller 2014). Higher testosterone in
the short termmay benefit men in acquiring mates but in the long termmay contribute to
cancers of male reproductive systems, such as prostate cancer (Alvarado 2013).

Excess criminality and incarceration also takes a physiological toll (p74), as well as
the higher degree of dangerous risk-taking behavior entailed in opportunistic and
antagonistic behaviors (p73). Criminal offenders have higher odds of succumbing to
extrisinc and intrinsic morbidity-mortality in comparison to non-criminal offenders
(Nieuwbeerta and Piquero 2008; Zlodre and Fazel 2012). Higher risk of metabolic
syndrome has been found in individuals with lower levels of conscientiousness, an
indicator of slower LH strategy (Sutin et al. 2010). Further, participants reporting
higher levels of impulsiveness and hostility were more likely to have metabolic
syndrome (Sutin et al. 2010). The association between Bcognitive, affective and
behavioral components of hostility^ and markers of inflammation were examined in
middle-aged European American and African American populations, revealing associ-
ations between the three components of hostility (Marsland et al. 2008, p. 754).
Analyses that further controlled for trait negative affect revealed that hostile behavior
was associated with higher levels of IL-6 and CRP, suggesting that antagonistic
behavioral components of fast life history strategies impact future health (Marsland
et al. 2008).

Conclusion: Adaptive Calibration to Environmental Stress

This review has focused on psychosocial and physiological processes that transpire in
the organism as a response to ecological parameters presented during development.
These associations presented in the current review broadly display how ecological
factors can produce specific outcomes in the organism, illuminating to epidemiologists
how such physiological changes are functional (Ellis et al. 2009, 2013). The majority of
social scientists focus on the behavior and/or cognitions of individuals within numerous
contexts (i.e., environment, situation, culture, etc.), but often remain agnostic about the
functional role the behavior plays within the context (Cabeza de Baca and Jordan 2012;
King and Cabeza de Baca 2011). We thus propose that researchers who focus on the
pathophysiology of somatic deterioration consider the unique pathway of reproductive
effort when considering research, policy, and clinical implications. By examining in
some detail the case of disadvantaged families, we have illustrated how this
approach provides new, insightful, and provocative research hypotheses that
could inform the etiology of chronic degenerative disease. This review articu-
lated how contextual factors such as socioecological stressors may alter
sociocognitive schemata and socioemotional functioning, reproductive behav-
iors, and, ultimately, longevity.
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The goal of the current article was to highlight the importance of environmental
factors on the emergence of life history strategies and adult degenerative disease. While
possible environmental mechanisms that create and perpetuate health disparities were
outlined, it must be acknowledged that individual differences may not necessarily
emerge through shared environmental pathways (Rowe 1994). Nonetheless, we argue,
as others have argued (e.g., Turkheimer et al. 2003) that amelioration of contextual
factors may modulate development and longevity. Through sophisticated structural
equation analyses of longitudinal and nationally representative data show evidence
for heritability of life history strategies, there was nevertheless a substantial amount of
unique environmental variance estimated in the model (Figueredo et al. 2014). There is
hope for amelioration.

Short term modification and activation of physiological systems are functional and
contribute toward an optimal allocation and response to ecological stressors. Mechanistic
reconfiguration of stress and reproductive systems should lead to strategic modifications
(i.e., conditional adaptations; Del Giudice et al. 2011 that shape an organism’s developmen-
tal trajectory from the womb to the grave. These changes incur long-term costs on the
individual, contributing to higher levels of somatic Bwear-and-tear^ and decreased longevity.
But, according to Ellis and Del Giudice (2014), that is only half of the story:

The other half of the story is the coherent, functional responses to stress,
including regulation of alternative life history strategies, that reliably emerge in
given developmental contexts. These responses have to be taken into account to
more fully and accurately capture child and adolescent development under
conditions of psychosocial stress and unpredictability (p. 15).

The empirical data reviewed illustrate linkages between early environmental
stressors (harshness, unpredictability, high extrinsic morbidity-mortality) and allocation
of reproductive effort in humans. The categorization of social discrimination into the
facets of harshness and unpredictability should be further studied and clarified. It
appears that unique aspects of social discrimination may be components of and
contributors to both harshness and unpredictability. At the group level, social discrim-
ination may contribute to harsh ecologies based on structural barriers and dispropor-
tionate distribution of resources and opportunities. That is, Bdiscrimination not only
limits the quantity of resources available to a particular group but also places limits on
their access to those resources,^ (García Coll et al. 1996, p. 1900). At the individual
level, discrimination can manifest as Bmicro-stressors^ fueled by Bambiguity,^
Bunpredictability,^ and Buncontrollability^ (Scott 2003, p. 524). Despite the lack of
conceptual clarity, the empirical implications are clear. Childhood experiences regulate
reproductive ontogeny to match ecological conditions. Higher levels ecological stress
should cause humans to minimize somatic effort in order to invest more in reproductive
effort, leading toward a faster life history strategy.

If the disadvantaged children and adolescents, as well as the victimized women, are
adapting their behavior consistently with the demands of the harsh and unpredictable
environments in which they actually live, then perhaps what is in need of treatment are
not their adaptive responses to adversity, but the condition of adversity itself that are
presumably triggering those responses. In other words, the cause rather than the
symptoms should be the focus of intervention.
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Public Health Policy Implications

One clear implication of applying LH to ameliorate health disparities is a change in
approaches to interventions and policies that are often focused on individual behaviors.
LH theory implies that we should focus instead on reducing exposures to the risky early
environments that individuals adapt to over development. Such changes in exposure are
needed to achieve long-term improvements in health. If individuals are adapting to
environmental circumstances, particularly those related to harshness and unpredictabil-
ity, then intervening to improve those environments rather than the behavioral and
physiological adaptations themselves (e.g., early reproduction, antisocial behaviors,
poorer immune function) is likely to be more successful in the short and long run.

In recent years, evolutionary-minded think tanks (e.g., evolution-institute.org),
interventionists (Wilson et al. 2013), and evolutionary-developmental scientists (Ellis
et al. 2012) have argued for context-based interventions that mitigate Bdeleterious^ or
Brisky^ behavior by altering the condition and social norms of the environment in
which the individual currently resides. They assert that well-implemented interventions
should consider the function of risky behavior and recognize that risky behavior may
serve to satisfy evolutionarily-based needs like status attainment (see Kenrick et al.
2010, for a discussion and evolutionary interpretation of Maslow’s Hierarchy of
Needs). By posing the question of Bwhat’s in it^ for the individual, researchers will
be able to make informed and context-appropriate decisions on how to divert risky
behavior toward prosocial means that still fulfill the socioecological needs of the
individuals targeted by the intervention (Ellis et al. 2012, p. 615).

Policy should also focus on ameliorating resource disadvantage between individuals
or groups of individuals by providing equitable access to institutions that could improve
quality of life (e.g., neighborhood access to public transportation, access to high quality
education and employment). Fair institutional access will limit socioeconomic discrep-
ancy between groups and directly and indirectly improve quality of life. Past research
has shown that paternal job loss and economic stressors can indirectly impact the
family environment by altering father-child and father-mother relationships (McLoyd
1989; McLoyd et al. 2006). Thus, income and socioeconomic stability, obtained
through more equitable access to resources, can improve the lives of disadvantaged
families (e.g., Colen et al. 2006; Costello et al. 2003; see Ellis et al. 2012 for an in-
depth discussion).
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