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Abstract

Lower socioeconomic status (SES) is consistently related to higher obesity risk, especially in
women living in developed countries such as the United States and Western Europe. Prevailing
theories to describe this relationship have focused primarily on proximate level factors such as the
generally poorer food environment (e.g. relative lack of healthy food options and higher
concentrations of fast food restaurants) found in lower vs. higher SES neighborhoods and the
higher financial costs associated with purchasing healthy, nutrient-dense foods compared to
unhealthy, energy-dense foods. These factors are hypothesized to preclude the purchase of these
foods by lower SES individuals. Unfortunately, public health interventions aimed at improving the
food environment of lower SES communities and to provide financial resources for purchasing
healthy foods have had limited success in reducing overall energy intake and body weight. Some
evidence suggests these interventions may even exacerbate obesity. More recent hypotheses have
shifted the focus to ultimate (or adaptive) factors that view increased energy intake and accrual of
body fat among individuals of lower social status as adaptive strategies to protect against potential
prolonged food scarcity. The purpose of this review is integrate past research at the proximate and
ultimate levels with a consideration of how social status and SES during development (/n utero
through adolescence) may moderate the relationships between social status, eating behavior, and
obesity. Utilizing an evolutionary framework that incorporates life history theory can lead to more
integrative and thorough interpretations of past research and allow researchers to better elucidate
the complex set of environmental, physiological, psychological, and behavioral factors that
influence obesity risk among individuals of lower social status.
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1 Introduction

Obesity is a complex condition that is responsible for substantial public health (Malnick,
2006) and financial costs (Finkelstein, Trogdon, Cohen, & Dietz, 2009). Despite billions of
dollars in spending on research and commercial and clinical weight loss programs, the
obesity epidemic continues unabated (MacLean et al., 2015), and behavioral treatment
options offer only slim prospects for long-term clinically-significant weight loss (Barte et
al., 2010; Franz et al., 2007; Lowe, Kral, & Miller-Kovach, 2008; MacLean et al., 2015).
The current food and physical activity environment is commonly referred to as being
“obesogenic” and is purported to be a critical factor in the etiology and continuation of high
rates of obesity in the United States and other wealthy countries (Hall, 2018; Swinburn et al.,
2011). Support for the importance of environmental factors driving obesity risk comes from
multiple lines of evidence including observed increased per capita food availability (Hall,
Guo, Dore, & Chow, 2009; Vandevijvere, Chow, Hall, Umali, & Swinburn, 2015),
consumption of larger portion sizes (Duffey & Popkin, 2011), and the ready availability and
consumption of highly-palatable and energy dense foods (Swinburn et al., 2011). One of the
most consistent findings among observational studies of obesity risk is that people of color
and lower socioeconomic status (SES) are disproportionately affected by obesity across
multiple populations and especially in women (Darmon & Drewnowski, 2015; Djalalinia,
Peykari, Qorbani, Larijani, & Farzadfar, 2015; Swinburn et al., 2011; Wang & Beydoun,
2007). For example, non-Hispanic black women are at ~2 times greater odds (OR [95% CI]:
2.10[1.77, 2.50]) for obesity compared to non-Hispanic white women, and having greater
than a high school education was associated with reduced risk of obesity among women (OR
[95% CI]: 0.68 [0.54, 0.87]) (Flegal, Kruszon-Moran, Carroll, Fryar, & Ogden, 2016).

Numerous hypotheses have been put forth to describe the mechanism by which living at a
lower SES increases the risk for obesity, but none seem to sufficiently describe the
phenomenon. We propose that an evolutionarily-informed approach can lead to a more
complete understanding of the relationships between social status, eating behavior, and
obesity by providing a framework to organize existing perspectives and research to guide the
development of novel hypotheses. In the following sections, we present this framework, and
briefly summarize some of the prevailing hypotheses and empirical research regarding the
relationship between social and economic status and obesity risk in the context of this
framework. In the final section, we detail how life history theory integrates developmental
and current social status to describe how social status influences physiological and
psychological systems in predictable, historically adaptive ways that promote overeating and
increase obesity risk among lower social status populations. This perspective delineates why
social status and SES during developmental periods (/7 utero through adolescence) may
moderate the relationship between current social status and obesity risk. We propose that the
relative lack of accounting for developmental social status and SES in past research may
help explain some of the inconsistencies in the literature as regards the effectiveness of
public health interventions to positively impact eating behavior and reduce obesity risk
among people of lower SES.
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2 Evolutionary Perspective

Evolutionary theory provides a framework that can help integrate the complex set of factors
that are known to affect behaviors and physiology in ways that increase obesity risk, and
lead to novel hypotheses that may not be considered in the absence of evolutionary theory. In
1963, Nikolaas Tinburgen, an evolutionary biologist, outlined an organizational framework
for utilizing evolutionary theory to better understand traits and behavior (1963). This
framework involves understanding four levels of analysis (proximate, ultimate, phylogenic,
and developmental) that together lead to a more complete understanding of a trait or
behavior. The proximate level examines observable, measureable factors that are closely or
immediately linked to the behavior or outcome of interest. In the current case, social status
has been treated as a proximate factor to predict obesity as well as the physiological,
psychological, or behavioral mechanisms that influence eating behavior and obesity risk.
Most researchers are familiar with the proximate level, because it is where science primarily
operates. Evolutionarily-informed research aims to unpack these proximate predictors
further to understand if, why, and how the relationship between the proximate factor(s) and
the behavior currently serve, or historically served, a functional or adaptive purpose. This
ultimate level of analysis is much more difficult to delineate, but, when properly utilized, can
generate novel hypotheses, and lead to more thorough interpretation, integration, and
application of empirical findings. The phylogenetic or comparative level of analysis can help
researchers understand whether and/or how long a trait, behavior, or the relationship
between proximate predictors and the trait or behavior have been preserved over
evolutionary time by examining if it they exist in related species. Animal researchers are
familiar with this level of analysis, though the evolutionary implications of this approach are
not often made explicit. An evolutionarily-informed phylogenetic perspective also seeks to
predict and understand how relationships between predictors and behaviors in animal models
would or would not exist in humans. These predictions are based on known differences (e.g.,
in genetics, physiology, lifespan, or social structure) between humans and non-human
animals. Finally, the developmental level of analysis examines the ways developmental
environments (including /in utero) interact with genetic predispositions to shape a range of
possible phenotypes that maximize the likelihood of reproductive success and survival in
environments similar to developmental ones. Ideally, more research within and across each
of these levels leads to a more complete understanding of a trait or behavior. Hypotheses can
be derived from work on one level regarding what can be expected at another, or can be
aimed at integrating across levels more directly. This organizational framework can be
particularly useful for understanding obesity and eating behavior because both are complex
and influenced by a broad array of factors at each level. In the following section we describe
each level in greater detail and summarize the relevant research regarding social status,
eating behavior, and obesity in the context of this framework (Figure 1).

3 Proximate Level of Analysis

Traditional approaches and hypotheses examining immediate factors and mechanisms
between social status, SES and BMI exemplify a proximate approach. Two common
hypotheses and research taking a proximate approach are summarized briefly below. The
relationship between educational attainment and obesity is also typically investigated using a
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proximate level of analysis. While lower educational attainment has been consistently
associated with higher BMI and low diet quality in high income countries (Cohen, Rai,
Rehkopf, & Abrams, 2013; Yu, 2012), we believe a more integrated approach — specifically
using life history theory — may allow for a more complete understanding of the observed
relationship between education and obesity and is discussed in Life History Theory —
Integrating Developmental, Proximate and Ultimate Levels of Analysis.

3.1 The Availability Hypothesis

The simplest explanation for the relationship between lower social status and SES with
higher obesity risk is related to the availability of healthy food and fast-food/”less healthy”
food outlets in lower SES neighborhoods. The overall premise of this hypothesis is simply
that greater exposure to energy dense/nutrient poor foods results in greater consumption of
these foods and higher risk of obesity. A major limitation of the Availability Hypothesis is
that it does not explain Aowand/or why individuals living in poor food environments choose
to consume less healthy and/or energy dense foods. As noted by Dhurandhar (2016), the
presence of high calorie, palatable foods may be an important permissive factor in the
development of obesity, but it does not mechanistically explain overeating and weight gain
in the population.

Nevertheless, a recent longitudinal study found that the momentary food environment
(assessed using ecological momentary assessment) predicted eating behavior in adults with
overweight/obesity. There was an increased likelihood of eating high-energy snacks when
participants were near fast food restaurants (OR = 1.89, 95% CI = 1.22, 2.93) whereas the
likelihood of consuming low-energy snacks was higher when a supermarket was nearby (OR
=2.93, 95% CI = 1.38, 3.82) (Elliston, Ferguson, Schiiz, & Schiiz, 2017). Compared to
higher SES neighborhoods, those of lower SES are characterized by relative lack of access
to retail food outlets with healthy and fresh foods (e.g. fresh fruits and vegetables), a greater
reliance on small food outlets or convenience stores for grocery shopping among community
members, and higher concentrations of fast food restaurants compared to higher SES
neighborhoods (Laxy, Malecki, Givens, Walsh, & Nieto, 2015). The generally poor food
environment of lower SES neighborhood would therefore be expected to promote
consumption of higher-energy foods, overeating, and increase the risk for weight gain and
obesity. However, data linking the poorer food environments in low SES neighborhoods to
eating behaviors and obesity risk among low SES individuals are inconclusive (Flint,
Cummins, & Matthews, 2013; Hawkesworth et al., 2017; Laxy, Malecki, Givens, Walsh, &
Nieto, 2015; Zagorsky & Smith, 2017).

The Survey of the Health of Wisconsin (SHOW) study (Laxy et al., 2015) calculated a food
environment index consisting of a ratio of the distance from participants’ homes to the 3
closest supermarkets relative to the distance to the 3 closest convenience stores or fast food
restaurants (higher number indicates less favorable food environment). Results from the
SHOW study demonstrated that low SES neighborhoods had a less favorable food
environment (index = 2.53) compared to higher SES neighborhoods (index = 1.77, p< 0.01),
but the food environment index was not consistently linked to obesity risk. Regardless of
SES, frequent consumption of fast foods (=2 times/week) was only weakly associated with
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increased odds of being obese (OR = 1.35, p= 0.06), and the relationship between
neighborhood access to fast food and its consumption was weak and only borderline-
significant. Another observational study of over 8000 participants found that higher net
wealth (total assets minus total debt) was associated with slightly less overall fast food
consumption, but that higher income (rather than “wealth™) was associated with a greater
number of fast food meals in the past 7 days (Zagorsky & Smith, 2017). However, the
authors noted that the associations were weak and unlikely to have a large public health
impact. As an example, a $1 million increase in net wealth was associated with consuming
only 0.7 less fast food meals per week.

If eating behavior and obesity risk are strongly affected by the mere availability of healthy/
unhealthy foods, then interventions to increase access to healthy food options (or decrease
the availability of unhealthy foods) in poor food environments should improve eating
behaviors and reduce obesity. A new neighborhood supermarket was constructed in a low
SES neighborhood with a poor food environment in Philadelphia as part of the Pennsylvania
Fresh Food Financing Initiative. The objective of this natural experiment was to investigate
whether increasing the availability of healthy foods increased perceptions of healthy food
access, increased fruit and vegetable intake, and decreased BMI (Cummins, Flint, &
Matthews, 2014). Results of this quasi-experimental study demonstrated a moderate increase
in perceptions of food access but fruit and vegetable intake and BMI were not affected.
Point-of-sale interventions at existing retail food outlets (e.g. product placement,
promotions, financial incentives, and awareness campaigns) are another avenue for
potentially increasing consumption of healthy foods and reducing obesity, but results of
these interventions have been mixed and generally suffer from a lack of rigorous scientific
methodology to provide clear evidence of causality. While a variety of methods and outcome
measures have been utilized in point-of-purchase interventions, the most effective
interventions for increasing the purchase of healthy foods appear to be those that provide a
financial incentive (e.g. decreased price of “healthy” foods) (Adam & Jensen, 2016; An,
2013; Karen Glanz, Bader, & lyer, 2012; Liberato, Bailie, & Brimblecombe, 2014), which
suggests that it may not be availability per se that influences eating behavior but rather the
cost (real or perceived) of healthy food items (e.g. whole grains, fruits, vegetables, lean
meats) compared to unhealthy foods (e.g. refined grains, processed foods with added sugar
and fat). The proposed influence of food prices on eating behavior is discussed in the
following section.

3.2 The Economic Hypothesis

Price could act as a barrier to purchasing healthy foods among low SES populations even if
these foods are “available” in retail food outlets in close proximity to their homes. Taste is
commonly cited as the principal driver of food choices, but price is the second strongest
predictor of food choices and is an especially important factor among individuals of lower
SES (K Glanz, Basil, Maibach, Goldberg, & Snyder, 1998). Furthermore, nutritional
concerns (including the importance of weight control) were generally less important for
determining food choices among Americans except among the most health conscious cluster
of individuals (Glanz et al., 1998). Multiple analyses have demonstrated that healthy foods
and dietary patterns that include items such as fruits, vegetables, and whole grains are more
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expensive than less healthy options such as refined grain products and processed foods with
added sugars and fats (Darmon & Drewnowski, 2015; Drewnowski, Darmon, & Briend,
2004; Lopez et al., 2009; McAllister, Baghurst, & Record, 1994; Monsivais, Aggarwal, &
Drewnowski, 2011). A 2015 systematic review by Darmon and Drewnowski (2015) based
on 151 observational studies of the relationships between food prices, dietary quality, and
SES concluded that diet costs are inversely associated with the energy density of the diet
(i.e. higher-energy, nutrient-poor diets costs less than lower-energy, nutrient-dense diets) and
that higher-energy diets are preferentially selected by individuals of lower SES. It is also
apparent that the food budgets of many people of lower SES are insufficient to purchase a
healthy diet that meets established dietary recommendations (Darmon & Drewnowski, 2015;
Lopez et al., 2009; Monsivais, Aggarwal, & Drewnowski, 2011).

Further, the price of many staple food items (e.g. dairy, fruit, grains, and some protein foods)
are more expensive at small food stores and convenience stores compared to supermarkets
(Caspi et al., 2017; Krukowski, West, Harvey-Berino, & Elaine Prewitt, 2010; Leone et al.,
2011), which may disproportionately affect lower SES populations where convenience stores
and “corner markets” are more concentrated (Cannuscio et al., 2013; Cannuscio, Hillier,
Karpyn, & Glanz, 2014; D. M. Gibson, 2011). Indeed, higher neighborhood median
household income was positively associated with the overall availability of healthy foods (r
=0.27, p< 0.05), and healthy foods were less expensive at larger retail food outlets (r=
0.40, p<0.01) (Krukowski, West, Harvey-Berino, & Elaine Prewitt, 2010). The
availabilities of low-fat milk and lean beef were examined in greater detail. Both racial
composition and median household income were associated with the availability of these
products. When racial composition and income were both included in the regression model,
neighborhood racial composition explained 49% of variance in low-fat milk availability and
neighborhood household income explained 29% of the variance in lean beef availability
(Krukowski et al., 2010). Thus, there is a strongly held belief among the scientific and lay
communities that the increased cost of healthy, nutrient dense foods and dietary patterns
drive people of lower SES to purchase and consume less healthy foods with lower nutrient
densities and higher energy densities, which promotes overeating and weight gain.

Results from qualitative and self-report research indicate that price is a substantial barrier to
purchasing and consuming healthy diets among people of lower SES (Dachner, Ricciuto,
Kirkpatrick, & Tarasuk, 2010; Hampson, Martin, Jorgensen, & Barker, 2009; Trumbo,
Schlicker, Yates, & Poos, 2002; Waterlander, de Mul, Schuit, Seidell, & Steenhuis, 2010;
Wiig & Smith, 2009). Education and awareness of healthy diets does not appear to be the
major issue in this population because fresh produce, fish, and dairy products are generally
recognized as “healthy,” and respondents commonly report a desire to purchase more
“healthy foods” given the financial means to do so (Inglis, Ball, & Crawford, 2009; Wiig
Dammann & Smith, 2009). These findings seem to suggest that providing individuals of
lower SES with the financial resources to purchase and consume a healthier diet should
improve overall diet quality, reduce the energy density of the diet, reduce overall energy
intake, and positively influence body weight. A major assumption of this deductive
reasoning is that potential energy from “healthy foods” would displace energy from
“unhealthy foods” rather than simply adding additional energy to the diet. Without sufficient
replacement, overall diet quality may rise but energy intake may also increase and lead to
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further weight gain rather than weight stability or loss. In fact, significant weight gain was
observed when either money or a food basket were provided to women of lower SES in rural
Mexico, and women that were already obese gained more weight than women with a BMI
between 25 and 30 kg/m? (Leroy, Gadsden, Gonzélez de Cossio, & Gertler, 2013). While not
conclusive, these findings suggest that providing additional financial resources or the direct
provision of healthy foods to lower SES populations may not have the intended effect of
replacing energy dense foods with healthier, lower energy foods. Rather, it appears that
providing these extra resources has the potential to exacerbate obesity in low SES
populations because the energy from purchased/provided foods may be additive vs.
substitutive in the diet.

The majority of past research exploring the relationships among SES/social status, eating
behavior, and obesity have utilized a proximate level of analysis with a principal focus on
current or experimentally manipulated SES/social status (experimental studies are discussed
in the Adaptive Strategy Hypotheses section). These studies have yielded important findings
regarding how neighborhood-level food availability and the price of healthy foods
potentially influence eating behaviors among lower SES/social status individuals. However,
public health interventions to improve availability or provide financial resources for healthy
foods have yielded inconsistent results (Cummins, Flint, & Matthews, 2014; Jones &
Frongillo, 2006; Leroy, Gadsden, Gonzalez de Cossio, & Gertler, 2013). More recent
hypotheses, detailed in the next section, have therefore shifted the focus to a potential
adaptive response whereby overeating and accrual of body fat under may act as a buffer
against future actual or perceived threats to food security/availability (Dhurandhar, 2016;
Kaiser, Smith, & Allison, 2012; Nettle, Andrews, & Bateson, 2017; Smith, Stoddard, &
Barnes, 2007). We believe these “Adaptive Hypotheses” represent a major leap forward for
shifting the perspective for why social status influences eating behavior and obesity risk to a
more ultimate level of analysis.

4 Ultimate Level of Analysis

Evolutionary approaches are based on the premise that proximate factors are often directly
or indirectly related to an ultimate adaptive function. Adaptive traits, behaviors and
mechanisms persist because they improved the likelihood of reproductive success or survival
in predictable circumstances across evolutionary history. Ultimate explanations consider
how behaviors and their underlying mechanisms were shaped by natural selection to derive
hypotheses. Natural selection operates on differential reproductive success, and those who
reproduce more have greater reproductive fitness because their genes are passed on at a
higher rate than those who reproduce less. The forces that determine the traits and behaviors
that improve Darwinian fitness are called selection pressures. Selection continues to act on
traits, behaviors, and their underlying psychological and physiological mechanisms as long
as they exhibit heritable variation that influences reproductive success. This is not to say that
all existing proximate factors are adaptive, they can also be benign factors that are linked to
a trait or behavior that is adaptive. They can also be traits that do not affect reproductive
fitness or survival, and thus have not been selected out, but have also not been specifically
selected for. It is important to note that adaptive traits, behaviors and their underlying
mechanisms need not improve reproductive success universally to have been selected for
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through natural selection. In fact, though it seems counterintuitive, natural selection can lead
to characteristics, traits, and behaviors that are detrimental to health and survival when
environments change rapidly. Historically adaptive traits, characteristics, and behaviors are
then said to be “mismatched” to current environments where the adaptive advantage is not
relevant, or even harmful in the changed environment. Mismatches are particularly relevant
for deriving hypotheses using ultimate explanations in research on eating behavior and
obesity risk because our environments have changed vastly and rapidly over the last 200
years in terms of food availability, storage and production, and the (lack of) physical activity
necessary to acquire food.

In general, humans (and other non-human primates) are expected to have evolved behavioral
and physiological mechanisms that favor fat storage in order to fuel our large, metabolically
expensive brains, even during times of food scarcity (Al-Shawaf, 2016; Shively, Register, &
Clarkson, 2009; Wells, 2006; Wells, 2010). Hedonic and homeostatic mechanisms that
regulate intake and energy balance, hunger, satiation, overeating, frequent eating, and eating
in the absence of need are all potential mechanisms that have evolved in humans to favor fat
accumulation and storage because they would be adaptive in environments that lacked the
food abundance that characterize modern environments (Ahlstrom, Dinh, Haselton, &
Tomiyama, 2017; Al-Shawaf, 2016). In modern environments, those mechanisms instead
increase the risk of obesity and chronic disease.

Humans and other primates are predicted to be particularly sensitive to cues of resource
scarcity and environmental unpredictability and shift metabolic and behavioral strategies that
favor fat accumulation, storage, and defense when environments require it. Moreover,
humans are unique, even among primates, in their sociality and social structure. Humans are
an extraordinarily social species with an unusual propensity to cooperate, and even share
food among extended kin and non-kin networks (Kaplan, Hill, Lancaster, & Hurtado, 2000).
Humans are therefore predicted to be particularly sensitive to cues of social status, social
stress and being socially ostracized, and respond to threats in these domains with changes in
eating behaviors and energy metabolism. The loss of this social safety net could have
devastating energetic consequences, and the fear of losing this social safety net has been
posited as a driving force behind increases intake and fat accumulation among populations
that experience social discrimination (Neuberg & Kenrick, 2018). Pepper and Nettle (2014)
further argue that social status is linked to perceived mortality risk, which is shown to
influence the likelihood of investing in preventive health behaviors because the costs to
perform them do not outweigh long-term benefits when the future is less certain. Some of
the leading hypotheses that incorporate an adaptive or ultimate level of analysis are
summarized in the following section.

4.1 Adaptive Strategy Hypotheses

More recent hypotheses have begun to shift the focus to “adaptive strategies” to explain the
observed relationship between lower SES and obesity (see “The Insurance Hypothesis”
(Nettle, Andrews, & Bateson, 2017), “Economic Insecurity Hypothesis” (Smith et al., 2007),
“Resource Scarcity Hypothesis” (Dhurandhar, 2016), and a review by Kaiser, Smith, and
Allison (2012)). The overarching premise of the Adaptive Strategy Hypotheses are that
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physiological and behavioral mechanisms promote overeating and accrual of body fat under
conditions of actual and/or perceived food uncertainty in order to buffer against the potential
of prolonged food scarcity. These hypotheses are based in evolutionary theory and — in our
opinion — represent a major improvement over past hypotheses to describe the mechanisms
relating lower SES or social status to obesity risk.

Evidence in support of the Adaptive Strategy Hypotheses for mechanistically describing the
observed relationships among lower SES/social status, eating behavior, and obesity risk
comes from naturalistic and highly controlled animal studies as well as quasi-experimental
and randomized clinical trials in humans. As will be described in detail in Phylogeny:
Animal models examining social status, eating behavior and obesity, studies in animals
models including birds (Gosler, 1996), rodents (Bartolomucci et al., 2009; Foster, Solomon,
Huhman, & Bartness, 2006; Li, Cope, Johnson, Smith Jr, & Nagy, 2010; Melhorn et al.,
2010; Moles et al., 2006; Tamashiro et al., 2007), and non-human primates (Arce,
Michopoulos, Shepard, Ha, & Wilson, 2010; Michopoulos, Diaz, & Wilson, 2016;
Michopoulos & Wilson, 2011; Moore et al., 2013; Wilson et al., 2008) consistently
demonstrate that lower social status animals or animals exposed to food uncertainty are
more likely to consume greater amounts of food energy from high or low energy diets
(Wilson et al., 2008) and become obese compared to their higher status counterparts.

The Moving to Opportunity (MTO) project is an intriguing example of a quasi-experimental
trial that demonstrates the potential importance of social status (as compared to strictly SES)
on obesity risk. From 1994 — 1998, the Department of Housing and Urban Development
randomly assigned 4498 women with children living in public housing in urban census tracts
with 240% of residents below the federal poverty threshold to receive either 1) housing
vouchers for moving to a low-poverty census tract (<10% poverty), 2) unrestricted housing
vouchers, or 3) no voucher (control) (Ludwig et al., 2011). The design of the MTO project is
especially important for determining the relative importance of SES/financial status vs.
social status on obesity risk because both treatment groups received a one-time financial
resource to relocate, but only the group that was required to move to a low-poverty census
tract experienced a change in their surrounding economic and social environments. Results
of the follow-up analysis demonstrated that only the group receiving the voucher for
exclusive use in low-poverty areas reduced the prevalence of BMI =35 kg/m? (4.61%
reduction, 95% CI: —8.54, —0.69) and hemoglobin Alc (4.31% reduction, 95% CI: -7.82,
-0.80) (Ludwig et al., 2011). These results indicate that moving from a high-poverty to a
low-poverty neighborhood — which would be expected to improve subjective relative social
status — is sufficient to reduce rates of obesity independently of changes in overall SES,
education, and income.

A limited number of randomized clinical trials have attempted to test how manipulations in
subjective social status influence short-term eating behaviors and/or food preference in
humans (Bratanova, Loughnan, Klein, Claassen, & Wood, 2016; Cardel et al., 2016; Cheon
& Hong, 2017; Pavela, Lewis, Dawson, Cardel, & Allison, 2017; Sim, Lim, Forde, &
Cheon, 2018; Swaffield & Roberts, 2015). Randomized clinical trials provide the benefit of
providing strong causal evidence for the relationship between social status and eating
behavior, but are limited in some important ways. For example, most randomized clinical
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trials will be limited to an investigation of short-term eating behavior, which necessitates
extrapolating findings from acute behaviors to long-term obesity risk. Secondly, it is
unlikely that experimental attempts to manipulate perceptions of social status among
participants are able to recapitulate the experiences of individuals actually living (or having
lived in the past) under conditions of lower SES/social status.

With these limitations in mind, the majority of human clinical trials reviewed (except Pavela
et al., 2017) found that experimentally manipulating perceived social status (Bratanova et al.,
2016; Cardel et al., 2016; Cheon & Hong, 2017; Sim et al., 2018) or exposing participants to
cues of environmental harshness (Swaffield & Roberts, 2015) increased total energy intake
and/or enhanced preferences for high-calorie foods. Importantly, eating behaviors were
altered by manipulating only the perception of SES or social status, or environmental
harshness without actual changes in access to financial resources (Bratanova et al., 2016;
Cheon & Hong, 2017). Brotanova et al. (2016) demonstrated that pairing participants and
fostering the belief they were poorer or wealthier than their partner caused feelings of social
anxiety, which led to increased food intake especially in those who reported a strong need to
belong. Social anxiety and stress could provide a causal mechanism relating perceived social
status and eating behavior. Cortisol is an established biomarker of stress and has been
implicated in the regulation of eating behavior in women (Epel, Lapidus, McEwen, &
Brownell, 2001). Low social status has been associated with alterations in basal and stress-
induced cortisol levels compared to higher social status individuals (Dhurandhar, 2016).
These preliminary findings from human clinical studies provide a strong scientific premise
for future studies to further investigate the influence of perceived social status on eating
behavior and the potential mechanistic role of basal and/or stress-induced cortisol in
mediating this relationship.

These Adaptive Strategy Hypotheses are useful for improving our understanding of the
relationships between SES/social status and obesity risk. However, we believe the
approaches to date have been limited by their principal focus on a proximate analysis of SES
and social status, and do not fully account for the potential impact of SES/social status
during development (/n utero through adolescence) on later life obesity risk. This
developmental impact will be detailed in the Developmental Level of Analysis section.

5 Phylogenetic Level of Analysis

A phylogenetic or comparative level of analysis includes research utilizing animal models.
Traditionally, animal models are used to test mechanisms and experimental paradigms that
are not ethical, possible, or much more difficult to do in humans. This implicitly relies on
the mechanisms in animals being similar to humans because we share an evolutionary
history. An evolutionary interpretation of this research may go a step further to more
explicitly estimate the evolutionary trajectory of a trait or behavior, based on how far back it
is preserved in the phylogenetic tree (e.g.., is it found among primates, mammals,
vertebrates, etc.). Known differences between species (e.g., in brain size or sociality) can
also be leveraged to make predictions about when a trait is expected to be seen or not in a
given species. In the following section, we present an overview of the animal model research
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on the effect of social status and eating behavior/obesity risk that has been conducted thus
far.

5.1 Animal models examining social status, eating behavior and obesity

Low ranking individuals in social species with naturally formed hierarchies face higher
mortality risks because they have less access to food and non-food resources, are vulnerable
to aggression from higher ranking members, and are less likely to be protected from
aggression by outgroup members. Low social status is associated with higher markers of
chronic stress (higher cortisol and inflammation). It is intuitive to hypothesize that these
differences between lower and higher ranking members of social species would have
adaptive shifts in behavior to increase intake and metabolism that lead to fat accumulation in
lower ranking members to allow them to buffer against times of resource scarcity. Where
low social status influences access to food, resource scarcity is much more dangerous for
those with lower social status. Evidence from birds and primates clearly support this
hypothesis (Gosler, 1996; Moore et al., 2013; Wilson et al., 2008), but findings among
rodent models present a more complicated picture (e.g., Melhorn et al., 2010; Moles et al.,
2006; Tamashiro et al., 2007).

Perhaps the clearest evidence supporting this hypothesis was demonstrated among great tits
(Parus major) in study examining social status and fat accumulation in the wild comparing
seasons with high and low resource availability (Gosler, 1996). Fat accumulation was
demonstrated to be strategic, occurring only when it was colder, during seasons of resource
scarcity but not abundance, to a greater degree in less dominant birds, and it predicted
survival among less dominant birds in the season with scarce resource availability. Existing
research among primates tends to mirror the human RCTs summarized previously. In
socially housed macaques, subordinate females show signs of chronic stress, eat more than
dominants, and eat during the day and night, while dominants restrict intake to during the
day (Wilson et al., 2008). In another study among macaques (Moore et al., 2013),
subordinate females who had prior experience with a highly palatable diet consumed more
calories from snacks than those who did not have prior exposure to a highly palatable diet.

In contrast to humans, who tend to eat more nutrient-dense foods when stressed (Torres &
Nowson, 2007), rodents who are experimentally stressed in the lab tend to reduce food
intake (Tamashiro, Hegeman, & Sakai, 2006). This is true for several types of stressors,
including social stress in the visual burrow system (VBS), where both dominant and
subordinate male rats consistently decrease intake and lose weight during and immediately
following the establishment of a dominance hierarchy (Foster et al., 2006; Tamashiro et al.,
2006). One study has shown that the rats regain weight during recovery from the social
stress paradigm, but that subordinate rats regain relatively more fat mass, which would
predispose them to obesity (Tamashiro et al., 2007). However, subordinate, but not dominant
rats also lose lean mass (Tamashiro et al., 2006). Dulloo et al. (1996) demonstrated that
losing lean mass during restriction leads to fat overshooting during recovery because
feedback signals from losses in fat (i.e., adipostats) and lean mass (i.e., proteinstats)
modulate energy intake and adaptive thermogenesis to regain weight until lean mass losses
are recovered. Fat mass is recovered at a faster rate, and is therefore higher than baseline
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levels following recovery. Thus, it is the loss of lean mass observed in subordinate rats
during energy restriction that leads to greater accumulation in fat mass during recovery.
When Syrian hamsters, a naturally aggressive, non-social species, are group housed in the
laboratory, they respond with increases in food intake, body weight and fat mass overall
(Bartness, 1996; Borer, Pryor, Conn, Bonna, & Kielb, 1988; Foster et al., 2006; Gattermann,
Fritzsche, Weinandy, & Neumann, 2002). These responses may be moderated by social
status, because males subjected to resident-intruder interactions and lose multiple
interactions showed greater increases in energy intake, body weight, and adipose tissue
relative to winners of those interactions (Foster et al., 2006). Importantly, to our knowledge,
there are no studies on the effect of social status on intake or obesity risk among female rats,
but female Syrian hamsters that are socially housed eat more and gain weight over time
(Meisel, Hays, Del Paine, & Luttrell, 1990). In mice, social stress leads to increases in body
weight in subordinates, but this effect was not driven by increases in energy intake among
subordinantes, but rather a lower level of physical activity (Moles et al., 2006).

In order to draw meaningful conclusions about the effect of social status on eating behavior
and obesity risk in humans from animal models, differences in physiology and social
structure between species, as well as how ecologically valid the experimental paradigm is
for establishing a hierarchy be taken into account. For example, primates (and humans in
particular) have abnormally large brains relative to body size, which requires metabolic and
behavioral adaptations to protect against starvation and defend fat stores to fuel large and
energetically costly brains (Shively et al., 2009; Shively et al., 2009; Wells, 2006). This
helps to interpret the differences between humans and rodents (whose brain to body size
ratios are consistent with mammalian norms) in the acute stress and social response. In rats,
both dominant and to a greater degree subordinate rats consistently decrease intake and /ose
weight in response being experimentally forced to establish a social hierarchy (Tamashiro et
al., 2006). In contrast, humans and non-human primates with relatively low social status are
observed to acutely increase intake (Arce et al., 2010; Bratanova et al., 2016; Cardel et al.,
2016; Cheon & Hong, 2017; Michopoulos et al., 2016; Michopoulos & Wilson, 2011;
Moore et al., 2013; Pavela et al., 2017; Sim et al., 2018; Swaffield & Roberts, 2015; Wilson
et al., 2008), particularly when environmental harshness or instability are experimentally
manipulated (S. E. Hill, Prokosch, DelPriore, Griskevicius, & Kramer, 2016; Laran &
Salerno, 2013; Maner, Dittmann, Meltzer, & McNulty, 2017). Given how uniquely social
and cooperative humans are in food production and sharing compared to rodents, it is not
surprising that humans respond to cues of low social status with increasing intake or storing
more fat to buffer against lower access to resources in response. Furthermore, when
comparing humans to Syrian hamsters, it is important to keep in mind that the latter are not
naturally social species, and therefore would not be expected to respond the way social
species (e.g., humans, macaques, and birds) respond to social stress/status. This may
partially account for why findings are equivocal with regards to the relationship between
social stress and eating behavior among Syrian hamsters (Bartness, 1996; Borer et al., 1988;
Foster et al., 2006; Gattermann et al., 2002). Recall that adaptive behavioral responses
(increasing intake in response to low social status) can only evolve in reliable social
environments where time and again, reacting in the adaptive way (by increasing intake
because being low social status resulted in lower access to resources) increased the
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likelihood of reproductive success and/or survival. Although rodent models have many
benefits, they also have limitations for understanding the effect of social status on eating
behaviors and obesity risk. Differences between species must be considered to utilize
evidence from animal models in order to guide more relevant and directed hypotheses and
experimental designs in humans.

6 Developmental Level of Analysis

The developmental level of analysis includes the developmental trajectory of a trait or
behavior throughout the life course, as well as developmental plasticity. Developmental
plasticity describes how an organism’s genotype can give rise to a range of phenotypes
depending on the environmental conditions experienced throughout development (West-
Eberhard, 2003). Some environmental factors that are predicted to influence reaction norms
in eating behavior and obesity are resource availability, the energy required to extract
resources, exposure to pathogens and infections, and social and cultural factors. A range of
phenotypes can be expressed from a given genotype that do not require changes in gene
frequency in order to evolve. These phenotypes are not necessarily heritable, but rather
reflect the level of adaptability to varying environmental conditions.

For example, humans are particularly adaptive to variable environments. The human lineage
began in Africa but humans have spread to every major ecosystem possible through
physiological, morphological, behavioral, and cultural adaptations. Humans have even
successfully adapted to living at high altitudes with hypoxic stress, or a reduction in oxygen
availability (Anton, Leonard, & Robertson, 2002; Leonard, 2015). Populations living at high
altitudes around the world exhibit relatively larger lung volumes in adulthood, which is
achieved through relatively slower growth rates overall, but faster growth of the organs
associated with oxygen transportation (heart and lungs) during childhood and adolescence
(Leonard 2015). Physiological and psychological factors that influence eating behavior and
obesity are affected by environments and experiences faced during development (including
in utero), as well as those that shaped these mechanisms ancestrally, and even those that
shaped our lineage before diverging from a common ancestor with chimpanzees, bonobos,
and other primates. An evolutionary perspective that incorporates each of these categories of
analysis allows for a more complete understanding of diet and physical activity and their
underlying mechanisms that is not possible from other perspectives.

6.1 Developmental Origins of Adult Disease

Several lines of research have demonstrated that energetic stress and poor nutrition during
prenatal and childhood development, which is much more likely among those of low SES,
has a profound impact on risk of obesity and related chronic diseases later in life.
Epidemiological evidence has consistently shown that early life under-nutrition, indexed by
low birth weight (alone and when paired with postnatal “catch-up fat™), is related to high
blood pressure, obesity, type 2 diabetes, cardiovascular disease, and stroke in adulthood
(Barker, 1989, 1994, 2004; Bleker et al., 2004; Curhan et al., 1996; Dulloo, Jacquet,
Seydoux, & Montani, 2006; Ravelli, Stein, & Susser, 1976). After observing these patterns,
researchers termed this phenomenon the fetal or developmental origins of adult disease
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(reviewed in Barker, 2004). It remains unclear whether this phenomenon is truly an adaptive
response to energetic stress during development, as in the Predictive Adaptive Response and
the Thrifty Phenotype and Thrifty ‘catch-up ’ phenotype (Dulloo et al., 2006), or whether a
thrifty predisposition instead reflects limitations of developing under poorer conditions
(Bogin, Varela Silva, & Rios, 2007), or a combination of both (Wells, 2010).

6.2 Predictive Adaptive Response and a Thrifty Phenotype

Hales & Barker (1992) revised Neel’s thrifty gene hypothesis (1962) to include the
importance of the interaction of genes with developmental environments to shape
phenotypes. They hypothesized that poor fetal and post-natal nutrition can lead to a “thrifty
phenotype” that results in impaired development of the pancreas and endocrine disruptions
that lead to increased risk of ype 2 diabetes. Evolutionary researchers have proposed that
when faced with energetic stress prenatally and in infancy, developmentally plastic energy
allocation systems make predictive adaptive responses (PARs) and shape more thrifty energy
allocation systems later in life (Bleker et al., 2004; Dulloo et al., 2006; Ellison, 1990; Ellison
& Jasienska, 2007; Gluckman, Hanson, & Spencer, 2005; Hales & Barker, 1992; Kuzawa,
2005; Kuzawa, Gluckman, Hanson, & Beedle, 2007; Lipson, 2001; Ravelli et al., 1976). It is
hypothesized that maternal cues of constrained resource availability were likely to signify
future environments with unstable resource availability, and therefore it was adaptive to shift
reaction norms to develop a suite of metabolic characteristics that help buffer against hard
times with: increases in fat accumulation, lower muscle mass, insulin and leptin resistance,
lower vascular density, compact body shape, and earlier reproductive age. Proponents of the
PAR hypothesis contend that over the course of human evolution, later environments
predictably did resemble prenatal environments, and selection would favor energy saving
mechanisms. Ancestrally, errors were unlikely to produce deleterious health outcomes
because all environments required high levels of obligatory physical activity and had limited
food availability even in the best of times (Gluckman et al., 2005; Kuzawa, 2007).

A metabolic phenotype that buffers against hard times would only lead to harmful health
outcomes when there is a mismatch between energetic stress during fetal and infant
development, paired with later life environments with abundant resources and much lower
levels of obligatory physical activity. This is particularly relevant for populations undergoing
transition from a more traditional lifestyle to one that is integrated with a market economy.
This integration is typically accompanied by increased access to high-calorie, fatty,
processed foods including refined carbohydrates that were not previously available. Some
researchers have argued that rather than being an adaptive response, correlations between
later life health and early-life nutritional stressors merely reflect individuals ‘making the best
of a bad start’ (e.g., Bogin et al., 2007), or may be adaptive, but also limited by metabolic
capacity, which is lower among populations that have been nutritionally stressed, and this
increases the disease risk associated with modern lifestyles (Wells, 2010). It remains an open
question whether metabolic changes reflect an adaptive shift to a more conservative energy
allocation strategy, or are due more to disruptions during development that lead to poorer
health outcomes. Regardless, a considerable body of epidemiological and experimental
evidence supports the relationship between resource scarcity and energetic stress during
development (e.g., birthweight, family SES, or perceptions of energy stress during
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development) are clearly and consistently related to and changes in developmental trajectory
and metabolism (for a review see Gluckman et al., 2005), and are important to include in a
more complete understanding of the influence of social status on eating behavior and obesity
risk. Thrifty physiologic changes that predispose individuals to greater obesity and disease
risk could be the result of developmental limitations, rather than adaptive shifts, but
behavioral adaptations (e.g., increased intake during times of social stress or being socially
ostracized) are more likely to reflect adaptive shifts in behavior.

We propose that taking a more holistic approach that integrates evidence across proximate,
ultimate, phylogenetic, and developmental levels provides a useful theoretical framework for
testing evolutionarily-informed hypotheses and will ultimately lead to a more complete
understanding of the impact of social status on eating behavior and obesity risk. For
example, a recent, phylogenetic meta-analysis integrated across these levels by testing the
impact of prenatal stress (developmental) on offspring glucocorticoid levels (proximate/
mechanistic stress response) across 14 vertebrate species (phylogenetic) (Thayer, Wilson,
Kim, & Jaeggi, 2018). An overall positive relationship was found, suggesting a greater
sensitivity to stress in response to prenatal stress is evolutionarily ancient, and will be
consistent across a wide range of vertebrates. Another integrative approach utilizes Life
History Theory, and is detailed in the following section.

7 Life History Theory — Integrating Developmental, Proximate and Ultimate Levels of

Analysis

Another perspective that sheds light on the developmental origins of adult disease is life
history theory (LHT). LHT is a theoretical framework from evolutionary biology that aims
to explain differences in age-schedules of growth, reproduction, and mortality (Charnov,
1993; Stearns, 1992). LHT proposes that humans, like other species, face trade-offs in how
to optimally allocate the limited resources of time and energy among growth, reproduction,
and maintenance (e.g., immune function, survival, cellular repair). There are inherent trade-
offs between how to allocate energy between these demands across the lifespan. The optimal
allocations between these demands are expected to depend on individual and ecological
parameters that influence resource production and availability (including consistency or
predictability), as well as mortality and other factors (K. Hill & Kaplan, 1999). LHT posits
that there have been long-term evolutionary pressures to balance energetic effort and channel
resources and behaviors in ways that help to maximize the predicted reproductive success
across the lifespan.

The way that energy is allocated between these competing demands forms coordinated
patterns or life history ‘strategies’ that vary on a continuum from ‘slow’ to ‘fast’ (Ellis,
Figueredo, Brumbach, & Schlomer, 2009). These strategies are the result of interactions
between genes and environmental factors, including the harshness and unpredictability of
the environment. This helps determine the optimal rates of growth and reproduction, and
timing of reproductive maturation and senescence. Slow strategies are characterized by later
age of reproductive maturation and first reproduction (including sexual debut, fewer sexual
partners). This strategy is advantageous in predictable, stable environments with plentiful
access to resources and fewer extrinsic mortality risks. In harsher, more unpredictable
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environments, where the future is less certain, a ‘fast’ strategy is more advantageous because
it would be relatively more risky to delay reproduction, or behave in ways that generally
value future gains over more immediate ones. Developmental environments that are
characterized by all that comes with having low social and economic status (i.e., relatively
more harsh and unpredictable) leads to a more fast life history trajectory, physiology, and
behaviors that are more likely improve the chances of surviving and reproducing under such
conditions. A life history perspective is therefore particularly important for understanding
energy balance, weight management, and obesity because it helps to integrate the ultimate
(improving the likelihood of reproductive fitness), developmental, and proximate
(physiological, psychological and behavioral) factors that influence energy balance and
obesity.

The physiological mechanisms that regulate fuel utilization, energy storage, and homeostasis
at a more immediate level are intricately related to the endocrine mechanisms that
coordinate the allocation of energy between the competing demands relevant for life history
at the level of the lifespan. Those with a more “fast’ life history strategy are more likely to
behave in ways that would have been beneficial for reproductive success in ancestral
environments where food was seasonal and difficult to come by. But a “fast’ strategy can be
detrimental for weight status and metabolic health in current, obesogenic environments
where access to nutrient-dense resources are plentiful, and removed from physical effort that
historically would have been necessary to obtain them. Hypotheses about the effect of life
history on weight management and obesity are largely are limited to observational studies,
as life histories cannot be experimentally assigned. To our knowledge, very few
observational studies explicitly examine life history parameters and increased risk of
overweight/obesity, but the evidence from the developmental origins of adult disease fit
within this framework, and one study explicitly used a self-report questionnaire of life
history trajectory to predict obesity risk and dysregulated eating (Maner et al., 2017). Other
longitudinal studies that have measures of several life history parameters (e.g., birth weight,
perceptions of the harshness and unpredictability of developmental/current environments,
age of pubertal maturation) can test whether those with a more ‘fast’ strategy have an
increased risk of overweight/obesity in adulthood. Some experimental studies have shown
that life history strategy moderates the effect of experimental manipulations designed to
evoke stressful, unpredictability of environments on inhibition, a cognitive ability needed to
override hedonic food choices, and eating behavior directly.

A small number of empirical studies have utilized LHT as a guiding theoretical framework
for the design of hypotheses and formation of hypotheses regarding social status, eating
behavior, and obesity risk (Hill et al., 2016; Laran & Salerno, 2013; Maner et al., 2017).
Laran & Salerno (Laran & Salerno, 2013) demonstrated that experimentally manipulated
perceptions of environmental harshness led to increases in intake of calorie-dense foods, and
a preference for calorie-dense foods. In a similar experimental paradigm, Hill et al., (2016)
found that an experimental paradigm that influenced perceptions of environmental harshness
influenced eating in the absence of need, but this effect was moderated by perceptions of
resource scarcity in childhood. Those who reported having lower socioeconomic status
during childhood, were more likely to eat in the absence of hunger when experimentally
stressed compared to those with perceptions of relatively higher SES in childhood. In a
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longitudinal study, Maner et al (2017) demonstrated that lower SES during childhood was
related to higher adult BMI. In a follow-up study, they tested a mediational model that
demonstrated that childhood SES was related to perceptions of resource scarcity in
childhood, which were in turn predictive of measure of life history strategy on a slow-fast
continuum. Life history strategy related to BMI, but only through a measure of dysregulated
eating. Another potential mediator between life history strategy and obesity is a
predisposition to have cognition that is more present over future orientation. Processes such
as inhibition, that is required to inhibit prepotent response in favor of goal oriented behavior
(e.g., avoiding palatable foods to lose weight) have been demonstrated to be lower among
individuals who perceived they had lower SES during childhood (Mittal, Griskevicius,
Simpson, Sung, & Young, 2015). Together, the results of a limited number of studies support
the theoretically based notion that developing in stressful/unpredictable environments leads
to a “fast’ life history strategy, which alters cognition and behavior in ways that favor a more
present over future orientation, that are advantageous in stressful, harsh and unpredictable
environments (Frankenhuis, Panchanathan, & Nettle, 2016; Mittal et al., 2015), but increase
the risk for obesity in modern, resource rich environments.

Thus far, research has shown that perceptions of the harshness and unpredictability of
developmental environments are more predictive than current perceptions in shaping eating
behavior and obesity risk generally (Maner et al., 2017) and were found to moderate the
effect of perceptions of current environments on eating behavior (S. E. Hill et al., 2016).
Perceptions of developmental environments warrant consideration in RCTs and
observational research designed to measure the impact of SES/social status on eating
behavior and obesity risk. Perceptions of low SES/social status currently may influence the
eating behavior of those who also experienced low SES/social status during development to
a greater degree than those who experienced stable, predictable environments during
development.

The observed relationship between educational attainment and obesity risk represents an
intriguing opportunity for integrating evidence with a life history framework. Past research
has been conducted largely at the proximate level and often attributes the increased risk of
obesity and poorer diet quality of less educated persons to a lack of knowledge of how diet
influences health and/or which foods are “healthy” vs. “unhealthy” (Yu, 2012). As
previously mentioned, people of lower social status, which tracks closely with educational
attainment, are able to identify healthy foods and demonstrate a desire to purchase these
foods given the financial resources to do so (Inglis et al., 2009; Wiig Dammann & Smith,
2009). Considering the massive public health campaigns promoting consumption of fruits
and vegetables, low and non-fat dairy, and whole grains, it is not surprising that knowledge
of the components of a healthy diet are widely-known even among people with the lowest
levels of formal education. Thus, past research at the proximate level does not sufficiently
explain the causal mechanisms linking education and obesity risk. Considering this
relationship within the context of LHT offers potential explanations to describe the reasons
why less educated people are predisposed to obesity and consume lower quality diets.
Individuals who were raised and/or are currently living in a stable and predictable
environment are able to place a greater emphasis on higher levels of education because it is
less risky to wait for the delayed benefits, such as higher lifetime earnings, reflecting a
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‘slow’ strategy. Taking this ‘slow’ strategy necessitates a relative degree of confidence that
one will live a long and healthy enough life to take full advantage of the benefits of higher
education. On the other hand, an individual reared and/or currently living in an unstable and
unpredictable environment is predicted to use a “fast’ strategy that de-emphasizes education
and its far off benefits. Rather, s/he might assign a higher value to more immediate rewards
and opportunities (e.g., dropping out of high school for a low-paying job) due to the relative
uncertainty of living long enough to benefit from more education, and the relatively greater
need to begin making money immediately to fulfill basic needs. Within this context, higher
levels of educational attainment could serve as a marker of one’s life history strategy more
broadly rather than being directly and causally related to obesity risk.

8 Future Directions

Obesity is complex and multifactorial disease that will likely require similarly complex and
multifactorial interventions to treat effectively. We believe that a principal focus on single-
level interventions (e.g. diet macronutrient content, aerobic exercise, changes to the built
environment) is an important factor leading to the lack of long-term success in past obesity
treatment interventions. Consideration of the ultimate/adaptive (e.g. responses to perceived
or actual resource scarcity) and developmental (e.g. early childhood SES/social status) levels
in addition to the more traditionally studied proximate factors related to obesity are expected
to lead to more complete understanding of the etiology and treatment of obesity. Using this
integrated approach is well-suited for the development and testing of multi-level and
adaptive obesity treatment interventions. In particular, the use of innovative experimental
designs such as Sequential Multiple Assignment Randomized Trials (SMART) and
Multiphase Optimization Strategies (MOST) (Almirall, Nahum-Shani, Sherwood, &
Murphy, 2014; Collins, Murphy, & Strecher, 2007; Kidwell & Hyde, 2016) could lead to
powerful, pragmatic, and translational interventions to more effectively treat obesity.

Importantly, SMART and MOST trials can be designed to optimize intervention strategies
based on known baseline factors hypothesized to influence intervention effectiveness. One
potential example would be to design an intervention that is tailored to participants’
predicted or measured life history parameters (via markers of birth weight, age of
reproductive maturation, along with delay discounting, etc). Individuals reared in a harsh
and unpredictable environments would be expected to have a “fast’ life history strategy and
thus place greater value on immediate vs. long-term rewards. On the other hand, growing up
in a stable and predictable environment fosters a ‘slow’ life history strategy that places
greater value on long-term benefits and rewards. One could design an adaptive intervention
that tailored treatment strategies, rewards, and motivational tools to the individuals’ personal
life history strategies to test whether these ultimate and developmental factors impact the
success of behavioral weight management programs. The addition of surveys and
questionnaires that address developmental SES and social status to a traditional randomized
clinical trial could be easily implemented to determine if these factors influence the
intervention response. Such an approach may be a simpler approach compared to SMART
and MOST designs, and is consistent with current initiatives such as the National Institutes
of Health-supported ADOPT (Accumulating Data to Optimally Predict Obesity Treatment)
working group (MacLean et al., 2018).
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9 Conclusion

In conclusion, an evolutionary and life history perspective can lead to more integrative and
thorough interpretations of existing empirical studies that integrate across the four levels of
analysis outlined by Tinbergen. We believe utilizing this approach will allow researchers to
better elucidate the complex set of environmental, physiological, psychological and
behavioral factors that influence obesity and lead to novel hypotheses that can be tested in
future experimental or observational research examining the relationship between social
status, eating behavior, and obesity.
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Figure 1:
Conceptual model depicting how an evolutionary framework widens then lens for seeing a

more complete picture of the factors that influence eating behavior and obesity risk. As
depicted in the model, eating behavior and obesity risk are embedded within and influenced
by perceived social status and current environmental stability. These perceptions have been
shaped and influenced by cues of how harsh and unpredictable energetic resources were in
developmental environments (particularly 7n utero and early childhood). Natural selection
has shaped the information that is relevant to communicate about developmental
environments (e.g., energetic resource availability/predictability), the cues that communicate
them (e.g., through the umbilical cord, breastmilk, and food) and the appropriate behavioral
and metabolic ‘strategy’ to adopt given those cues (e.g., in environments where food
availability fluctuates, one should eat as much as possible when available, ignore satiety
signals, and store fat to compensate for fluctuations) because those strategies predictably led
to greater survival and/or reproductive success in such environments over long periods of
evolutionary history.

Appetite. Author manuscript; available in PMC 2020 February 24.



	Abstract
	1 Introduction
	2 Evolutionary Perspective
	3 Proximate Level of Analysis
	3.1 The Availability Hypothesis
	3.2 The Economic Hypothesis

	4 Ultimate Level of Analysis
	4.1 Adaptive Strategy Hypotheses

	5 Phylogenetic Level of Analysis
	5.1 Animal models examining social status, eating behavior and obesity

	6 Developmental Level of Analysis
	6.1 Developmental Origins of Adult Disease
	6.2 Predictive Adaptive Response and a Thrifty Phenotype
	7 Life History Theory – Integrating Developmental, Proximate and Ultimate Levels of Analysis

	8 Future Directions
	9 Conclusion
	References
	Figure 1:

