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ABSTRACT

Overall health has been linked to socioeconomic status, with the gap between social strata increasing
each year. Studying the impact of social position on health and biological functioning in nonhuman
primates has allowed researchers to model the human condition while avoiding ethical complexities or
other difficulties characteristic of human studies. Using female cynomolgus macaques (Macaca fas-
cicularis), our lab has examined the link between social status and stress for 30 years. Female nonhuman
primates are especially sensitive to social stressors which can deleteriously affect reproductive health,
leading to harmful consequences to their overall health. Subordinates have lower progesterone con-
centrations during the luteal phase of menstrual cycle, which is indicative of absence or impairment of
ovulation. Subordinate animals receive more aggression, less affiliative attention, and are more likely to
exhibit depressive behaviors. They also express higher stress-related biomarkers such as increased heart
rates and lower mean cortisol. While no differences in body weight between dominant and subordinate
animals are observed, subordinates have lower bone density and more visceral fat than their dominant
counterparts. The latter increases risk for developing inflammatory diseases. Differences are also
observed in neurological and autonomic function. A growing body of data suggests that diet composition
may amplify or diminish physiological stress responses which have deleterious effects on health. More
experimental investigation of the health effects of diet pattern is needed to further elucidate these
differences in an ongoing search to find realistic and long-term solutions to the declining health of in-

dividuals living across the ever widening socioeconomic spectrum.
© 2014 Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction
1.1. Socioeconomic status and health

A strong gradient in health parallels the socioeconomic gradient
in human society. Health disparities across social strata grow larger
each year, and there have been a great deal of clinical and epide-
miological research directed toward understanding the causes of
this growing inequality. Important contributors that have been
identified include social determinants such as health-related fea-
tures of neighborhoods (e.g. walkability, recreational areas, acces-
sibility to healthy food), socioeconomic factors (e.g. income, wealth,

Abbreviations: HR, Heart rate; HPA, Hypothalamic-pituitary-adrenal; ACTH,
Adrenocorticotropic hormone; TPH, Tryptophan hydroxylase; 5-HT, Serotonin;
HVA, Homovanillic acid; CSF, Cerebrospinal fluid; PET, Positron emission tomog-
raphy; CAA, Coronary artery atherosclerosis; CRH, Corticotropin-releasing hor-
mone; IGF-1, Insulin-like growth factor-1; TPC, Total plasma cholesterol; HDL-C,
High-density lipoprotein cholesterol; ANS, Autonomic nervous system.
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and education) (Braveman and Gottlieb, Jan—Feb 2014), discrimi-
nation, and social capital (Braveman et al., 2011) (Uphoff et al.,
2013). The proximal effect these factors have in common is that
when experienced chronically they may promote or buffer physi-
ological responses which damage health (Braveman et al., 2011)
(Chen and Miller, 2013). Socioeconomic status is inversely associ-
ated with level of chronic social stress (AdlerRehkoph, 2008).
Several decades of research, spanning basic science to epidemio-
logical levels of analysis, have repeatedly identified a sense of
control over the environment and social supports as important
moderators of the physiological impact of stressful life events
(Matthews and Gallo, 2011).

1.2. Characteristics of primate social status hierarchies

The social status hierarchy is a central organizing feature in the
societies of most species living in groups larger than the nuclear
family. Some characteristics of social status are shared across spe-
cies. For example, high social status confers priority of access to
resources such as food, water, safe resting sites, and mates (Fig. 1A).

2352-2895/© 2014 Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Fig. 1. Behaviors Associated with Social Status. A: High social status confers priority of access to resources; B: Vigilant scanning of the social environment is characteristic of
subordinates; C: Subordinates receive more aggression from more dominant monkeys; D: Subordinates are more likely than dominants to exhibit depressive behavior which
includes a slumped or collapsed body posture (head below shoulders), with open eyes, accompanied by a lack of responsivity to environmental events (Shively et al., Apr 15 1997).

When resources are abundant there is little difference between
high and low status individuals in access to resources. However,
when resources become scarce, such as during drought or famine,
social status may determine whether an individual can obtain
enough food or water to maintain the degree of good health
necessary to reproduce, or survive (Sapolsky, Apr 29 2005). High
social status also confers a relatively more predictable social envi-
ronment — dominants can have what they want, when they want it.
Subordinates depend upon the largess of dominant animals for
access to necessary resources which may be withdrawn at any time.
Subordinates also may be subject to aggression at any given
moment (Fig. 1B, C). In general the offspring of subordinates are
also subordinate, at least while dependent on their parent(s), and
share low priority of access to resources and a relatively unpre-
dictable social environment (Shively, 1985). This situation creates
the opportunity for both genetic and nongenetic transmission of
traits along social status lines. These basic characteristics of social
status set the stage for social inequalities in health.

1.3. Social suppression of reproductive function

It is imperative for female mammals to be sensitive to the cur-
rent physical and social environment because of the enormous
investment they make in each offspring. When resources are scarce
it is a better strategy to divert energy from reproduction to physi-
ologic processes designed to keep the individual alive; when re-
sources are plentiful reproduction is favored. Compared to

dominants, subordinate female mammals may experience more
reproductive system dysfunction, which in turn may impact other
aspects of health. Thus, females appear to be sensitive to environ-
mental characteristics which may influence reproductive outcomes
(Beehner and Lu, Sep—Oct 2013).

14. Translational studies of social status effects on health

Social status hierarchies in human societies share most of these
basic characteristics. Studying the impact of social position on
health and biological functioning in other gregarious species may
give us insight on the human condition without the ethical com-
plexities of studying human behavior in situ. Studying the impact of
social status on health in a laboratory environment affords tighter
controls over confounding factors such as status differences in
physical environments, food quality and accessibility, ethnicity, and
health care allowing for a focused evaluation of the biological
impact of social status differentials.

2. Social status and stress in cynomolgus macaque social
groups

2.1. Social status in cynomolgus macaque society
In the wild, cynomolgus monkeys (Macaca fascicularis) live in

groups comprised of one or more adult males, multiple adult fe-
males, and their dependent offspring. Males are usually not related
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and emigrate between groups one to several times during their
lifetime. Adult females are related through one or more matrilines
and typically remain in their natal group for life. Female offspring
have the same social status as their mother; maternal social status
determines number of pregnancies, infant survival, and lifetime
reproductive success (v. S. and van Noordwijk, 1999). Thus, this
species experiences suppression of reproductive function by social
status relationships.

We have studied the effects of social status on the health of adult
female cynomolgus monkeys (M. fascicularis) in the laboratory for
nearly 30 years. These monkeys were wild-caught as adults, and in
recent years came from a purpose-bred free-ranging colony in
Indonesia. The monkeys were housed in small social groups of 3—5
females in rooms approximately 8—10 m> and enriched with
perches, barrels, and manipulanda such as mirrors and toys. The
monkeys were fed a diet containing moderate amounts of fat and
cholesterol to mimic key dietary constituents consumed in Western
societies. When placed in these groups, the monkeys quickly
organize themselves into linear social status hierarchies which are
usually stable over time (Shively and Kaplan, 1991). Social status is
evaluated by recording the outcomes of agonistic interactions. The
animal to which all others in the group direct submissive behaviors
is considered dominant. The monkey that all but the most domi-
nant submits to is considered second-ranking, and so on.

2.2. Behavioral indicators of stress in subordinates

Compared to dominant females subordinates receive more
aggression (Fig. 2A), are groomed less (Fig. 2B), and spend more
time alone out of arm's reach of another monkey (Fig. 2C). Thus,
subordinates appear to be subject to more hostility and have less
social support than their dominant counterparts. Vigilant scanning
(Fig. 2D) of the social environment, a behavior which consists of
head swiveling to visually scan the home pen while in a crouched
posture, is also a characteristic of subordinate female cynomolgus
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monkeys in these small groups. These monkeys appear fearful and
anxious when engaged in vigilant scanning, as it is often accom-
panied by lip smacking and grimacing (fear and appeasement be-
haviors in macaques) (Shively et al., Apr 15 1997) (Shively, Nov 1
1998).

2.3. Physiological indicators of stress in subordinates

We have used telemetered heart rate as an indicator of auto-
nomic function. In an open field test, subordinates respond to a
standardized stressor with a higher initial heart rate (HR) and
recover more slowly than dominants (Shively, Nov 1 1998).
Hypothalamic-pituitary-adrenal (HPA) function also differs by so-
cial status. Subordinates have higher morning cortisol concentra-
tions than dominants (Shively et al, Apr 15 1997), are
hypercortisolemic in adrenocorticotropic hormone (ACTH) chal-
lenge tests (Shively, Nov 1 1998) (Kaplan et al., 1986), and are
insensitive to glucocorticoid-negative feedback in dexamethasone
suppression tests (Kaplan et al., Dec 2010) (Shively et al., Apr 15
1997). Hypercortisolemia has been reported in association with
social subordination in a number of primate species (Abbott et al.,
Jan 2003).

2.4. Social status differences in ovarian function

Cynomolgus monkeys have menstrual cycles similar to those of
women in length, sex steroid and gonadotropin variations. The
peak progesterone concentration in the luteal phase is used as an
index of the quality of ovarian function. High values indicate that
ovulation occurred, whereas low values indicate impaired ovula-
tion or an anovulatory cycle. We have characterized luteal phase
progesterone concentrations in multiple experiments and found
that subordinates have lower mean peak levels than their dominant
counterparts (Kaplan et al., Dec 2010, 1985; Adams et al.; Shively
and Clarkson, May 1994). Cycles in which luteal phase
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Fig. 2. Differences in Behavior by Quartiles of Social Status. These behaviors were recorded from 42 adult female cynomolgus monkeys housed in small social groups (3-5/group)
during 10 min focal animal observations made 6 times/month for 18 months. A: Rate (frequency/hour) of aggression received (main effect of social status: p < 0.0001); B: Per cent
time being groomed (most subordinate versus most dominant quartile p < 0.02); C: Per cent time spent alone out of arm's reach of another monkey (main effect of social status:
p < 0.001); D: Vigilant scanning accompanied by fear/appeasement behaviors (lipsmack, grimace) (main effect of social status: p = 0.007). Sub = Subordinate; Dom = Dominant.
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progesterone concentrations are low are also characterized by
lower follicular phase estradiol concentrations (Adams et al., Dec
1985). Thus, subordinate females are estrogen deficient relative to
their dominant counterparts. These observations are consistent
with those of Cameron and Bethea in stress sensitive cynomolgus
macaques (Bethea et al., Dec 2008).

2.5. The stress of social subordination

This behavioral and physiological profile indicates that socially
subordinate female cynomolgus monkeys in these small laboratory
social groups are stressed relative to their dominant counterparts.
Acute social defeat is a social stressor used in some rodent and tree
shrew stress models of depression. While social subordination in-
cludes instances of social defeat, it also includes four other features
that are likely important to the nature of the stressor: 1) cyn-
omolgus monkeys normally live in social groups which are char-
acterized by stable linear social status hierarchies throughout their
lives; 2) these hierarchies are usually established in a matter of
hours or days and do not generally involve much overt aggression;
3) while subordinates appear stressed relative to dominants, it is a
level of physiological stress to which they can accommodate
throughout their lifetime; and 4) time spent being groomed is
positively correlated with social status while time spent fearfully
scanning is negatively correlated with social status, suggesting that
fear and a lack of positive social interaction are as important as
hostility received in the experience of social subordination stress.
These characteristics suggest that social subordination in labora-
tory groups is a chronic mild social stressor with social validity in
respect to the natural history of the species.

3. Other characteristics of dominants and subordinates
3.1. Body composition

We have not observed differences in body weight between
dominant and subordinate female cynomolgus macaques. Higher
body weights have been observed in dominant male and female
rhesus monkeys (Macaca mulatta), and male baboons (Papio anubis)
(Michopoulos et al., Dec 2009) (Sapolsky and Mott, Nov 1987) (Zehr
et al.,, May 2005). The social status differences in body weight of
captive monkeys may depend on laboratory feeding practices. To
reduce food competition we feed 10% in excess of consumption
which helps to attenuate status differences in body weight. Bone
mineral density is lower in subordinate monkeys, which may be
due to reduced estradiol exposure from suppressed ovarian func-
tion (Kaplan et al., Dec 2010). There are also social status differences
in fat deposition patterns. Dominants are more likely to deposit fat
in the subcutaneous abdominal depot, while subordinates deposit
fat in the visceral depot (Wallace et al., May 1999) (Shively et al.,
Sep 2009). Visceral fat produces a relative abundance of cytokines
and inflammatory adipokines, which may be one mechanistic
pathway through which social subordination increases risk of in-
flammatory diseases.

3.2. Neurobiological characteristics

Social status differences are apparent in central monoaminergic
function. Tryptophan hydroxylase (TPH) activity is the rate limiting
factor for serotonin (5-HT) production which mostly occurs in the
raphe nucleus. The raphe nucleus of ovariectomized subordinate
cynomolgus monkeys contains lower TPH concentrations than the
same region of dominant conspecifics, supporting differences in
central serotonergic function (Shively et al., 2003). The prolactin
response to fenfluramine is an indicator of central serotonergic

function. Ovariectomized subordinate cynomolgus monkeys have a
lower prolactin response to fenfluramine then their dominant
counterparts (Shively, Oct 1998). Likewise, in a community study
low socioeconomic status was associated with a blunted prolactin
response to fenfluramine, indicating diminished serotonergic
responsivity in men and women (Manuck et al., Apr 2005). Social
status differences are also apparent in central dopaminergic func-
tion. The prolactin response to haloperidol is an indicator of central
dopaminergic function; subordinate female cynomolgus monkeys
have lower prolactin responses to haloperidol than dominants
(Shively, Nov 1 1998). Subordinate male and female macaques also
have lower cerebrospinal fluid (CSF) concentrations of the dopa-
mine metabolite homovanillic acid (HVA) (Kaplan et al., 2002),
another indication of differences in dopaminergic tone. These ob-
servations were followed by multiple observations of lower striatal
dopamine D2 receptor binding availability, as measured by positron
emission tomography (PET), in subordinate male and female cyn-
omolgus monkeys relative to their dominant counterparts
(GrantShively et al., 1998) (Morgan et al., Feb 2002). Subsequently,
socioeconomic status was also observed to be positively associated
with striatal D2 receptor binding availability in men and women
(Martinez et al., Feb 1 2010). Striatal D2 receptor binding avail-
ability was also positively associated with perceived social support
in this study, emphasizing the importance of positive social re-
lationships (Martinez et al., Feb 1 2010).

4. Social status, disease risk and mortality
4.1. Cardiovascular disease

Coronary heart disease is caused by coronary artery athero-
sclerosis (CAA) and its sequelae. Cynomolgus monkeys have been
useful models to study factors that affect the development of CAA.
Among female cynomolgus macaques, subordinates have about
twice as extensive CAA as dominants, a difference which has been
observed in multiple studies (Kaplan et al., Sep 2009). Both poor
ovarian function and exaggerated heart rate responses to acute
stress are associated with increased CAA extent. These character-
istics of subordinates may provide mechanistic paths to increased
atherogenesis.

4.1.1. Depressive behavior

About 25 years ago, we began observing and recording the
frequency and percent time spent in a behavior termed “depres-
sive”, in which the monkeys sat in a slumped or collapsed body
posture with open eyes, accompanied by a lack of responsivity to
environmental events (Fig. 1D). This behavior was reminiscent of
that described in infant macaques removed from their mothers and
adults following separation from their family environment (Suomi
et al., 1975). We have observed this depressive behavior in three
separate groups of female monkeys (a total of 120 animals). Inter-
observer agreement in the identification of depressive behavior
was greater than 92% in all experiments. Rates of depression were
similar in the three experiments (38—45%) (Shively et al., Apr 15,
1997; Shively et al., Apr 2005; Shively et al., 2014). Depressive
behavior was more common in subordinate females; 61% of sub-
ordinates displayed depressive behavior while only 10% of domi-
nants exhibited this behavior (Shively et al., Apr 15 1997). Social
subordination and depression are not homologous; subordinate
and depressed monkeys differ in neurobiological and behavioral
characteristics (Shively and Willard, Jan 2012) and 39% of sub-
ordinates did not display depressive behavior and a few dominants
did, suggesting individual differences in stress sensitivity and
resilience (Shively et al., Apr 15 1997). We concluded that the stress
associated with low social status may increase the likelihood of
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depressive behavior. Rates of depression in the human population
are also inversely related to socioeconomic status (AdlerRehkoph,
2008; Lorant et al., Jan 15, 2003).

4.1.2. Variability in sensitivity and responses to stress

The fact that many, but not all, socially subordinate females and
only a few dominant females exhibit depressive behavior indicates
unexplained variability that may be due to variation in the social
environment, or to individual differences in sensitivity or resilience
to social stress (Bethea et al., Dec 2008). At the social group level it
is reasonable to posit that some groups may be more stressful to
live in than others. Unfortunately, the available data that address
this hypothesis are sparse due to the challenge of studying an
adequate number of social groups. Depressive behavior may be
only one in a range of potential responses to social subordination
stress. Studying the attributes of subordinates that do not become
depressed may provide valuable insights about alternative stress
responses.

4.1.3. Predictors of depression

Single caging may be considered a stressor as it increases heart
rate in adult female cynomolgus monkeys (Watson et al., Apr 1998).
We measured circulating biomarkers and heart rate (HR) in single
caged monkeys immediately prior to social housing. Females that
had higher overnight HRs in single cages were later more likely to
exhibit behavioral depression in social groups, suggesting that
stress sensitivity may increase the likelihood of a depressive
response to social stress (Shively et al., Sep—Oct 2002). Likewise the
monkeys that later developed behavioral depression in social
groups had decreased cortisol secretion in a corticotropin-releasing
hormone (CRH) challenge test, decreased circulating insulin-like
growth factor-1 (IGF-1) concentrations, lower activity levels, and
higher total plasma cholesterol (TPC) concentrations and ratios of
TPC:high-density lipoprotein cholesterol (HDL-C) concentrations
while singly caged. These data suggest that individuals at increased
risk for a depressive response to social stress also differ in a number
of physiological systems associated with increased disease risk
(Shively et al., Apr 2005).

4.2. Cancer risk

In a study of 46 ovariectomized cynomolgus monkeys, socially
subordinate females had increased cell proliferation and pro-
portions of glandular and epithelial tissue, and less stroma in
endometrium, and increased breast tissue thickness than their
dominant counterparts (Shively et al., Jul-Aug 2004).

These tissue characteristics are associated with increased risk of
endometrial and breast cancer in women (Nucci et al., Mar 2003;
Ursin et al., Apr 2003).

4.3. Mortality

Socially dominant rhesus macaques live longer than their sub-
ordinate counterparts (Blomquist et al., 2011). Likewise, low social
status is associated with increased mortality in the human popu-
lation (Adler, Nov 2009; Adler et al., Jan 1994).

5. Dietary mitigation of psychosocial stress effects on health
in female primates

5.1. Stress and diet
There is reason to believe that diet composition may modulate

stress responses. For example, rats consuming a high fat diet have a
higher cortisol response to stress compared to rats consuming a

low fat diet (Legendre and Harris, Nov 2006). Likewise, chronic
variable stress exaggerates the lipid response to a high fat diet
(Manting et al., 2011). In clinical studies, consuming a high fat meal
(mostly saturated animal fat) acutely exaggerates cardiovascular
responses to stress (Jakulj et al., Apr 2007). Such responses have
been shown to be attenuated in short term studies by consuming
diets rich in polyunsaturated fats derived from plant sources (e.g.
walnuts and flaxseed oil) which increase the ratio of omega-3:
omega-6 fatty acids (West et al., Dec 2010). While these observa-
tions are intriguing, they derive from small and short-term studies
and evaluate dietary manipulations that do not recapitulate diets
that human beings generally eat.

5.2. Western versus Mediterranean diet patterns and stress

There is growing recognition that studying dietary patterns
rather than single nutrients may result in a better understanding of
the relationship between diet and health (Hu, Feb 2002). Recently,
there has been much interest in differential health effects associ-
ated with Mediterranean versus Western diet patterns. The pro-
portion of calories that come from protein, carbohydrates, and fats
in Western and Mediterranean diets are similar. However, Western
diets contain protein and fat derived mainly from animal sources,
thus the diet is high in saturated fats and low in monounsaturated
and omega-3 fatty acids. The Mediterranean diet pattern contains
protein and fats derived mainly from plant sources. Compared to
the Western diet pattern, the Mediterranean diet is high in
monounsaturated fatty acids, omega-3 fatty acids, complex carbo-
hydrates, and fiber, and low in refined sugars (A. R. S. US
Department of Agriculture, 2007—2008; Bedard et al., Oct 28,
2012). In population studies, the Western diet pattern is associ-
ated with greater perceived stress and higher urinary cortisol levels
(Laugero et al., Feb 2011), whereas the Mediterranean diet pattern
is associated with lower perceived stress (Hodge et al., Mar 2013).

5.3. 24 hour heart rates in female cynomolgus macaques
consuming prudent or Western diets

Recently we gathered 24 h HR data via telemetry from 42 so-
cially housed monkeys at 3 time points: six months after
consuming a low-fat plant-based prudent diet (monkey chow), and
18 and 34 months after consuming a Western diet. Subordinate HRs
were higher on average, but not statistically different while
consuming the prudent diet (Fig. 3A: p = 0.34). Social status dif-
ferences emerged over time while consuming the Western diet
(Fig. 3B, C: 18 months p = 0.13, 34 months p = 0.002). Subordinates
also lost much of their HR circadian rhythm by 34 months (Fig. 3C:
time x status interaction p = 0.005). In contrast, dominant HRs
changed little with changes in diet. These data suggest that the
Western diet may deleteriously affect the autonomic nervous sys-
tem (ANS) of subordinates but not dominants (Shively, unpublished
data). However, confirmation of these diet-by-social status in-
teractions requires a parallel arm study in which a prudent diet is
compared to a Western diet.

5.4. Cortisol responses to ACTH in female macaques consuming
prudent or Western diet effects

The cortisol response to ACTH challenge indicates adrenal
responsivity to hypothalamic-pituitary activation. In intact and
ovariectomized cynomolgus macaques consuming a Western diet,
we have observed that dominants have lower cortisol responses to
ACTH than subordinates (Shively, Nov 1 1998; Kaplan et al., 1986)
(Fig. 4A). These observations were interpreted as indicating that the
adrenal glands of subordinates are hyperresponsive and contribute
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Fig. 3. Diet, Social Status, and Autonomic Function. 24 h heart rates (HRs) were collected via telemetry from 42 socially housed monkeys at 3 time points: after consuming a low-
fat plant-based prudent diet (monkey chow) for 6 months, and after consuming a Western diet for 18 and 34 months. A: Subordinate HRs were higher on average while consuming
the prudent diet but not statistically different (p = 0.34); B, C: Social status differences emerged with time consuming the Western diet (main effect of social status B: 18 months
p = 0.13, C: 34 months p = 0.002). C. Subordinates also lost much of their HR circadian rhythm by 34 months (C: time x status interaction p = 0.005). Sub = Subordinate;

Dom = Dominant.

to hypercortisolemia. However in a recent report, dominant female
rhesus macaques consuming a prudent diet had higher cortisol
responses to ACTH than subordinates (Michopoulos et al., Sep
2012a) (Fig. 4B). These results were interpreted as indicating that
subordinates were unable to mount an appropriate glucocorticoid
response. Furthermore, cortisol responses overall appeared higher
in monkeys consuming a Western versus those consuming a Pru-
dent diet. While these studies utilized different species
(M. fascicularis vs. M. mulatta), the species are genetically similar as
evidenced by more than one million years of interbreeding (Osada
et al.,, 2010).

Given the previous observations of diet effects on stress physi-
ology, these seemingly opposite findings could be the result of the
major differences between the diets. The Western-like diet
consumed by monkeys in the aforementioned HR and HPA studies
contained 40% of calories from fat (mostly saturated), and
0.25—0.40 mg cholesterol per kcal (350—500 mg cholesterol/day

sources. The Prudent diet in all studies was standard monkey chow:
low in fat (12% of calories) and cholesterol (trace amounts), with
protein and fat from vegetable sources. These data suggest that long
term consumption of a Western versus a Prudent diet may alter
HPA stress responses in female primates. Supporting this inter-
pretation, Michopoulos et al. (Sep 2012a) also observed in female
macaques that cortisol responses to an acute stressor are higher in
those consuming a high fat and sugar diet than those consuming a
low fat and sugar diet (standard monkey chow) (Michopoulos et al.,
Sep 2012b).

6. Conclusions

Social status hierarchies are a central organizing feature of the
societies of most gregarious mammals. Group-living macaques
have been valuable in understanding the impact of social status on
health. Social status differences are found in most physiologic

human equivalent), with protein and fat mostly from animal systems examined, and social inequalities in health are
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Fig. 4. Diet and Cortisol Response to Adrenocorticotropin (ACTH) Challenge in Socially Housed Adult Female Macaques. Cortisol responses to ACTH in adult female macaques:
A. Cynomolgus macaques consuming a Western diet (Shively, Nov 11998); B. Rhesus macaques consuming a low-fat, plant —based Prudent diet (monkey chow) (Michopoulos et al.,
Sep 2012a). Both studies used the same ACTH challenge test protocol (Shively, Nov 11998) and cortisol from both experiments was assayed in the Yerkes National Primate Research
Center Biomarkers Core Lab. Monkeys consuming the Western diet appear to have higher cortisol responses to ACTH than those consuming a Prudent diet. Among those consuming
a Western diet, the cortisol response was highest in subordinates, whereas among those consuming a Prudent diet, the cortisol response was highest in dominants. Figure adapted

from (Shively, Nov 1 1998; Michopoulos et al., Sep 2012a).
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characteristic of group-living macaques. These differences appear
to be due to the physiological impact of the stress of low social
status. In human studies, women consistently report more stress
than men, and stress deleteriously impacts reproductive function in
females which in turn has detrimental effects on other aspects of
health. Thus, it is important to understand sex-specific social
status-health relationships. It also appears that diet may contribute
to stress vulnerability/resistance. A growing library of research
suggests that our Western diet is exacerbating physiological stress
responses, particularly among those who experience the most
psychosocial stress. Thus healthier diets may contribute to stress
resistance whereas Western-like diets may contribute to stress
vulnerability. In human beings, the socioeconomic gradient in
health continues to grow. Lower social position is associated with
higher stress levels, less healthy diets, and higher body weight, and
these relationships are more pronounced in women than in men
(Moore and Cunningham, Apr 2012). Thus, changing our overall
diet pattern might be most beneficial to those with the greatest
psychosocial stress, who have the least healthful diet, and are least
able to afford dietary supplements.
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