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ABSTRACT OF THE DISSERTATION 

 

The Multi-Systemic Biological Risk Index and its relationship to Discrimination, 

Cancer Mortality and All-Cause Mortality. 

 

By 

 

Teofilia Y. Acheampong 

 

Doctor of Philosophy in Epidemiology 

 

 University of California, Irvine, 2018 

 

Professor Andrew Odegaard, Chair 

 

 
      Multi-systemic biological risk (MSBR), a proxy for allostatic load, is a composite 

index of biomarkers that represent dysregulation due to responses to chronic external stress. 

Research suggests that long term or repeated stressful situations may adversely influence 

health. This provides the basis for a model that ties external stressors with physiological 

responses; in turn, this may influence incidence and prognosis of disease. This dissertation 

addresses several gaps in the literature. For one, while a few studies have linked a multi-

systemic biological risk index with diabetes and cardiovascular disease, no research has 

examined an objective biological measure of stress with cancer outcomes. Therefore we 

examined the association between an index of MSBR with cancer mortality.  Next, 

although previous research shows a positive association between MSBR and mortality, 

there are no studies that have accounted for major sources of chronic stress, which could 

potentially confound the association. Therefore, we examined the association between 

MSBR and all-cause mortality, and sequentially accounted for dimensions that are known 

to confound the association (demographic, socioeconomic and social support, lifestyle and 

health status, and discrimination experience), within an African-American cohort. Lastly, 

research demonstrates discrimination has important biological consequences, however, 

most are cross-sectional in nature and research regarding different types of discrimination 

has not been addressed. Therefore, we assessed the association between experienced 

discrimination due to gender, race, and socioeconomic position and MSBR. This 

dissertation provides evidence for the association between an index of MSBR and cancer 

mortality, particularly amongst overweight or obese participants in NHANES III.  

Furthermore, the association was mainly driven by the immune and cardiovascular 

domains. We also found a positive association between a higher MSBR index and risk for 

all-cause mortality; a stronger association was found in younger age groups. Furthermore, 

sequential adjustment for important dimensions of stress, demonstrated that each domain 

contributed to the association by attenuation of the point estimate, yet the association 

remained.  Lastly, we found no association between changes in discrimination, and MSBR 

in the CARDIA cohort. This study provided novel data on the topic of discrimination, as 

we were able to examine discrimination and change with MSBR. 
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Epidemiology and social context  

The German physician and pathologist Dr. Rudolf Virchow initiated the 

modern concept of pathology utilizing the cell theory to describe how disease 

affects the organs and tissues of the body.1 He also advanced public health and 

social medicine, promoting the idea that disease is not purely biological, but can be 

initiated, spread, and intensified by social influences. He suggested that the typhus 

outbreak could’ve been prevented had it not been for poor living conditions.1  

 Dr. Virchow promoted social justice through social policies that attempted 

to combat poverty, and improve sanitation, occupational and housing conditions.1 

On a macro-scale the literature related to policy, from both national and 

international level governmental agencies, suggests that health practitioners 

recognize and take into account the poor social conditions of their patients.2,3 From 

unsafe housing conditions and neighborhoods, food insecurity, mental health and 

victims of trauma, these are all social factors that undermine the health of a 

patient.4–6  Moreover, the burden of adverse social factors disproportionately falls 

upon specific groups within the US. 7 

Up to date, the US has not fully adopted the ideas of Dr. Virchow regarding 

the integration of social factors and medicine; as a result, we continue to see the 

consequences that consist of systematic, reasonably preventable health differences 

negatively affecting socially disadvantaged groups,8  reflected in our nations 

registries, reports and statistics regarding mortality and morbidity.9–11 Currently, 

specific approaches and conceptual frameworks are needed to tackle the complex 

etiology of the differences in disease.  
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The Social Determinants of Health 

 Prominent health organizations such as The World Health Organization 

(WHO), the Centers for disease control (CDC) and Health People 2020 (10-year 

national objectives for improving the health of all Americans), have adopted social 

determinants of health (SDH) frameworks, utilizing it as a foundation to understand 

health inequities based on the social and physical conditions in which people, are 

born, grow, work and live.12,13 The CDC utilizes the definition that describes the 

determinants as complex, integrated, and intersecting social structures and 

economic systems that are responsible for most health injustices. They further 

describe these social structures and economic systems to include the social 

environment, physical environment, health services, and structural and societal 

factors. Lastly, the social determinants of health are shaped by the distribution of 

money, power, and resources throughout local communities, nations, and the 

world.14 

 The conceptual framework that maps out the social determinants of health 

is a theory backed by a large body of peer-reviewed evidence contributed by the 

public health community, over the last three decades.7,15 Moreover statistical 

methods have been used to elucidate how large of a role social factors can play in 

one’s health and the estimated mortality in a population attributable to these 

factors.7  

The WHOs global perspective describes that the SDH are “mostly 

responsible for health inequities - the unfair and avoidable differences in health 
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status seen within and between countries.”  Today, these determinants function as 

indicators and markers of complex social exposures and pathways by which societal 

circumstances or conditions influence health, physical function, quality-of-life, 

outcomes and risks. One’s circumstance (i.e. social, economic, and physical) can 

occur in many types of settings (e.g., school, church, workplace, and 

neighborhood).16,17 The relationship between one’s environment, and health 

outcomes depends on both physical (i.e. exposure to toxic substances) and social 

(i.e. social norms and attitudes about subgroups, or exposure to crime and violence) 

determinants.12 Healthy People 2020s social determinants of health are broadly 

grouped, as 4 key aspects that include: “(1) Economic Stability, (2) Education, (3) 

Social and Community Context, (4) Health and Health Care, and (4) Neighborhood 

and Built Environment.”12  

 Although the Institute of Medicine, the CDC, the Surgeon General, and 

Healthy People 2020 have different descriptions of how to tackle the social 

determinants of health, they all describe the underlying factor or issue is historically 

linked to discrimination or exclusion by race or ethnicity, religion, socioeconomic 

status, gender, mental health, sexual orientation, or geographic location, or 

disability.18–22 Thus far, in terms of the impact of social factors on the 

aforementioned key aspects, most studies very clearly show associations that depict 

a stepwise gradient pattern, with health and mortality improving as social position 

or resources increase.15,23 Furthermore those historically excluded are 

disproportionately represented at the lower end of the gradient.   
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There are many examples of recent and historical events where institutions 

(governmental, academic, businesses, religious) and the individuals within them 

have played a role in the development and continued fostering of these barriers by 

social position. A mechanism by which this can happen is through discrimination 

against individuals, which can directly restrict socioeconomic acquisition; also, 

racial and economic segregation creates poor residential conditions which 

exacerbate exclusion and disparirites.24 Discrimination can lead to reduced access to 

necessary goods and services, (i.e.: (1) employees or members of businesses deny 

services, (2) student attends public school with poor resources due to economic and 

racial segregation) and it also creates conditions that increase exposure to other 

conventional stressors (e.g. unemployment).24 Furthermore, the internalization of 

discrimination based on race, skin color, sex, gender and social position can 

adversely affect health in a variety of ways.24For one, it can affect compliance with 

medical regimens based on the clinical care team and the patient.24 It can also create 

adverse distress that can affect physiological systems such as cardiovascular, 

immune, and neuroendocrine domains; in turn this further shapes health 

behaviors17.  Indeed, policy and laws that reduce social disadvantage can reduce 

health inequalities, for example, the health gap between blacks and whites narrowed 

in the decades after civil rights legislation (though the gap began to widen again 

after the 1980s after the modern war on drugs).25 However when attempting to 

eliminate disparities, it also requires a societal shift in perspective and behavior 

amongst individuals.12  
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Conceptual Framework: Mechanisms by which social factors influence biological 

disturbances.:  Eco-Social Theory and Embodiment 

Eco-social theory is a multi-level epidemiological framework that attempts 

to integrate social and biological analyses as well as a dynamic, historical and 

ecological perspective to determinants of population distributions of disease and 

social inequalities in health.16,26–28 The Eco-social theory asks a principal question 

of: “who and what is responsible for population patterns of health, disease, and 

wellbeing, as documented by the present, past, and ever-changing social inequalities 

in health?”16 Dr. Nancy Kreiger, describes both persisting and changing 

distributions of disease as well as micro to macro factors from an epidemiological 

perspective.16 Thus, Eco-social theory involves ideas around how population health 

is essentially generated and moved by social conditions that interact with biological 

processes at every spatiotemporal scale.29,30 The core concepts for Eco-social theory 

include: (1) embodiment, a theory referring to how we literally incorporate, 

biologically, the social world in which we live, from in-utero to death.16 

Consequently, no aspect of our biology and clinical health can be fully understood 

without context and knowledge of historical, individual and societal ways of 

living.16,29 In terms of mechanism (2) embodiment is carried out through  (2a) the 

way society constructs and arranges power, economics and related patterns of 

production, consumption, and reproduction. Furthermore, it is carried out through 

(b) both the limitations and potential of our biology, as dictated by our species’ 

evolutionary background, our ecological context, and individual histories (i.e.: 

biological and social development).16,29 Krieger further deconstructs the 
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aforementioned mechanisms, stating that these mechanisms work through various, 

contemporaneous, and interacting pathways, involving adverse exposure to social 

and economic deprivation; exogenous hazards (e.g., toxic substances, pathogens, 

and hazardous conditions); social trauma (e.g., response to discrimination and other 

forms of mental, physical, and sexual trauma); targeted marketing of harmful 

commodities (e.g., tobacco, alcohol clusters, other licit and illicit drugs); inadequate 

or degrading health care; and degradation of ecosystems, (e.g., alienation of 

indigenous populations from their lands, and disproportionate placement of toxic 

brownfields and wastelands).”29 In summary, there are many ways and levels to 

which social and environmental factors may harm health.  Krieger further describes 

the (3) cumulative intersection of exposure, susceptibility, and resistance, with each 

factor and its distribution at multiple levels (i.e.: individual, neighborhood, regional 

or political jurisdiction, national, or international) and within multiple domains (i.e.: 

home, work, school), in relation to relevant ecological roles, and manifested in 

processes at multiple scales of time and space.16,26,29 Furthermore, the process 

entails more than the simple formula of ‘‘phenotypes,’’ ‘‘genotypes,’’ and the 

‘‘environment’’ causing ‘‘gene-environment’’ interactions.  Genes do not interact 

with exogenous environments—only organisms can, resulting in embodied 

exposures that result in gene regulation and expression and, not simply gene 

frequency changes.26,29 Lastly, (4) accountability and agency, is expressed in all 

pathways regarding institutions (government, business, religion, and public sector), 

communities, households, and individuals.  
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The importance of encouraging a theoretical approach in biomedical 

disciplines, who seek to include social context within its practice, is wrapped 

around the need for structural framework and mechanism,31–33 where clinical 

studies and diagnosing of patients are looking to recognize “context-mechanism-

outcome patterns” and provide a holistic explanation of how macro-social 

determinants, population health, and individual health are linked.33 This framework 

allows epidemiologists to explore ‘interpersonal mechanisms such as sexism, 

racism, heterosexism, able-ism, ageism, and classism.’34  

 

Exposures over the lifespan. 

Incorporated in the core concepts of eco-social theory, is the idea of 

accumulation of exposures through time.  Commonly, the approach to clinical and 

observational studies involve exploring risk factors in a cross-sectional and/or 

contemporaneous manner, however the life-course approach to studying disease 

should be considered more often during study design.  Taking into account latent, 

pathway and cumulative mechanisms, if not in the beginning of study design, but 

also, when interpreting the results of a data analysis, is important. The life-course 

literature describes latent consequences as early life exposures (in-utero or during 

important developmental periods during young adulthood) being “programmed”, in 

such a way that may alter disease risk later in life. A classic example includes the 

use of Diethylstilbestrol (DES), a potent estrogen mimic, used from 1940-1970 to 

prevent miscarriages. Decades later, this hormone has been associated with a 

variety of documented adverse outcomes in the daughters of whom the women were 
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pregnant with at the time. This example displayed the consequences and basis of 

fetal exposure and subsequent adult disease for scientists across many disciplines. 

Pathway mechanisms refer to experiences that fix people onto trajectories that 

influence health and wellbeing over the lifespan. For example, a longitudinal study 

assessed if children exposed to adverse psychosocial experiences were at an 

increased risk for depression, elevated inflammation levels, and clustering of 

metabolic risk markers at age 32. They found that children who had experienced 

socioeconomic disadvantage, maltreatment or social isolation had elevated age-

related-disease risks in adulthood.35 Cumulative mechanisms refer to accumulation 

of advantage or disadvantage over the lifespan, which can be expressed through 

health status. Of course, one could have accumulated latent or pathway exposures 

as well.36–38 

Therefore, embodiment is a process of biological characteristics as a result 

of humans engaging in their world.16,26,29 Given this concept, the mission is to 

understand the many ways inequality becomes biologically embodied, over the life 

course and across generations, thereby creating health inequities .16,26 

A Social Factor to Consider: Discrimination  

Discrimination refers to “the process by which a member, or members, of a 

socially defined group is, or are, treated differently (especially unfairly) because of 

his/her/their membership of that group.”39 This unfair treatment arises from 

“socially derived beliefs each group holds about the other” and “patterns of 

dominance and oppression, viewed as an unequal distribution of power and 

privilege.”40 Predominant types of adverse discrimination are based on 
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race/ethnicity, gender, sexuality, disability, age, nationality, religion, and social 

class.16 

Discrimination is a public health issue. According to the 2015 Stress in 

America Survey administered by the American Psychological Association, 70% of 

people who took the survey, report having experienced discrimination, with 61% 

reporting experiencing day-to-day discrimination, such as being treated with less 

courtesy or respect, and being threatened or harassed.41 Furthermore, 76%, 74%, 

72% and 81% of Black, Asian, Latino and American Indian/Alaska Natives 

(AI/AN) groups, report having experienced everyday discrimination.41 About 31% 

of women cite gender as a reason for day-to-day discrimination, compared to just 

8% of men.41 People who say they have faced discrimination rate their stress levels 

higher, on average, than those who say they have not experienced discrimination.41 

In another recent study, they showed that expecting or anticipating prejudice leads 

to both psychological and cardiovascular stress responses. People may avoid 

situations where they expect or anticipate unfair or maltreatment, possibly missing 

out on educational and job opportunities.42 Lastly, discrimination due to 

socioeconomic status (SES) (an aggregate concept that includes both resource-

based and “prestige”-based measures)16 is not a new idea, however studies have not 

been able to disentangle the effects of SES from social race constructs.43–45 SES has 

been shown to predict disparities in health amongst both white and non-white 

populations; this also often accounts for much of the racial differences in health.46 

Previous studies have found significant inverse associations for the relationship 
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between socioeconomic position across the lifespan and increased inflammatory 

markers,47  and chronic diseases. 48  

As a newly recognized SDH, many forms of perceived discrimination is 

associated with a plethora of negative health outcomes, including increased 

hypertension,49 obesity,50 inflammation,51 birth outcomes,52 heart disease,53 other 

chronic health conditions and mortality.54–56 Scientists in the field attribute these 

outcomes to two of many pathways by which discrimination can be can be 

executed.55 One process involves a lack of access and positive interaction amongst 

those who experience discrimination with institutions that provide services and 

resources to improve quality of life, upward mobility and acquisition of wealth.55 

This includes the revelation of differences in health outcomes in health care 

facilities amongst non-whites, and women, even after controlling for insurance 

coverage, age, sex, income, comorbidities, and severity of illness.57–61 

The second mechanism involves chronic exposure to stress due to 

internalizing discrimination.  This contributes to weatherization of the body and 

mind, and incessant exposure may lead to dysregulation of multiple body systems 

given the pathophysiology of the stress response.55,62–64 

Stress 

Stress has been defined in many different ways within the literature and 

describing this dynamic biological phenomenon is challenging for many scientists. 

One definition, describes stress as the perception of one’s “environmental demands 

or challenges that tax or exceed the adaptive capacity of an organism, resulting in 

biological and psychological changes that may be detrimental and place the 
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organism at risk for disease or disability.65 There are also many different ways to 

organize stress theory. In particular, this dissertation project utilizes an allostatic 

load framework (multi-system biological risk) and focuses on response-oriented 

stress: the physical and biological response within the body due to exposure from 

the neuroendocrine system.  

The physiological demand on the body when one must adapt, cope, or 

adjust,66 can result in different outcomes that can be perceived as negative or 

positive events.67–70 However, the biological, medical and mental health literature 

agrees that chronic, intense or continuous stress can take a toll on health.71–73 

Chronic or intense stressors can take many different forms for different individuals, 

including economic difficulties, immigration status, occupational stress, death of a 

spouse or child, family responsibilities or difficulties, neighborhood instability, and 

discrimination.74   

Each individual’s body makes an attempt to adapt to stressors, however this 

response is dependent on a combination of environmental, genetic, and 

developmental factors. 75 The inability to successfully respond to stressors exacts a 

toll on the body; repeated, or intense events may lead to disease; furthermore, recent 

research has revealed that, ancestrally (epigenetics) and in-utero through 

adolescence are extremely critical time periods for the development of the adaptive 

stress response, displaying differences in vulnerability and flexibility to stressors.75 

Stress Response Physiology 
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Theoretically there are three areas of interest with regards to the functioning 

of the stress response; perceived threats can activate the nervous system, endocrine 

system, and immune system.   

For context, neurological focus of emotion is in the limbic system of the 

brain.  The limbic system is thought to play a major role in emotion and fear 

dynamics; largely responsible for detection and the biochemical reaction within the 

stress response used to restore homeostasis. A combination of studies show that the 

most agreed upon neural structures in this system consists of the hypothalamus, 

thalamus, pituitary gland, hippocampus and the amygdala. 76 The hypothalamus is 

responsible for many essential hormones that regulate temperature, thirst, hunger, 

sleep, detection of pain and pleasure, mood, sex drive, and the autonomic nervous 

system.77–80 The primary function of the hypothalamus is homeostasis.  The 

hypothalamus uses a set-range to standardize the body's systems, such as electrolyte 

and fluid balance, body temperature, and blood pressure. After receiving input from 

the body, it then makes the appropriate modifications if there is deviation. The 

mechanism by which the hypothalamus maintains homoeostasis is by secretion of 

hormones such as, growth hormone-releasing, corticotrophin-releasing, 

somatostatin, dopamine, oxytocin and vasopressin, into the blood, which in turn 

communicates to the pituitary gland.75,76,81,82  In the face of a threat, the 

hypothalamus activates the autonomic nervous system, stimulates the secretion of 

adrenocorticotropic hormone, produces vasopressin, and then stimulates the thyroid 

to produce thyroxine.76 In the diencephalon, the thalamus functions as a sensory 

relay station, sensing what humans hear see, taste, or touch, through nerves, all 
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while directing these messages to the appropriate areas within the cortex.79,80,83 

Anatomically curved around the thalamus is the hippocampus, which plays a role in 

forming new memories.78,79,84 Lastly, the amygdaloid, within the telencephalon or 

the cerebral cortex, causes intense emotion such as aggression or fear once 

stimulated.79,80 On the contrary, damaged tissue of the amygdala causes animals to 

behave tamely, and there is a docile calmness found in humans called a flatness of 

affect. 77  

The brain communicates with the rest of the body via signals sent through 

the spinal cord (CNS), working in collaboration with the peripheral nervous system 

(PNS), a tract of neural fibers.77 The PNS can be divided into the sensory somatic 

nervous system and the autonomic nervous system.76,83 The somatic system is a 

bidirectional path responsible for sensory and voluntary motor signals involving 

cranial nerves and the CNS. 77 Whereas the autonomic division transports impulses 

through the CNS, however its end goal is innervating the body’s internal organs to 

keep them functions and maintain homeostasis.77 

The ANS can be subdivided into two antagonistic branches, the sympathetic 

and the parasympathetic systems.76,84 The ANS receives messages from parts of the 

CNS that process both endogenous and exogenous stimuli; this includes regulation 

by neural structures such as the hypothalamus, amygdala, hippocampus, and 

olfactory cortex.79,80 The sympathetic and parasympathetic systems of the ANS 

each consist of 2 sets of nerve bodies, the preganglionic set which is located in the 

CNS, with connections to another set of ganglia outside the CNS, and the 

postganglionic set which has efferent fibers that go from the ganglia to effector 
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organs.84,85 The SNS is catabolic, or controls energy expenditure; it activates the 

fight-or-flight response, using catecholamines, and the opposing system (PSN) is 

anabolic or it conserves energy mostly through the release of acetylcholine .76,77,84  

The hypothalamus initiates activation of the sympathetic nervous system, 

causing the first and immediate response of the release of epinephrine and 

norepinephrine through sympathetic nerve endings.  Then neural impulses from the 

hypothalamus descend through the spinal cord, to then send nerve signals that 

innervate the adrenal medulla to start the intermediate stress response.76,83,84 The 

chemicals from the adrenal medulla take about 20-30 seconds longer to respond, 

and are able to last for 2-3 hours depending on the dose in the bloodstream.76 The 

adrenal medulla consists of chromaffin cells that lie at the core of the adrenal gland. 

The adrenal glands produce steroids, amines, and two catecholamines of interest, 

norepinephrine (noradrenaline) and epinephrine (adrenaline) 86 Pheochromoblasts 

are responsible for catecholaminogenesis, as well as their secretion.78,84 The 

catecholamines produce an increase in adrenergic tissue (receptor binding) activity 

in humans. 78,84 Both catecholamines work together to produce a quick physical 

reaction in the face of a threat. Typically the adrenal medulla secretes mostly 

epinephrine, and about 20% norepinephrine; under stress, about 300x the amount of 

epinephrine may be found in the blood in comparison to basal rate.76 Specific 

outcomes observed in both humans and animal models as a result of activation of 

this axis in response to psychosocial stressor exposure are: increased arterial blood 

pressure, heart rate and cardiac output, blood flow to skeletal muscles, plasma free 

fatty acids, triglycerides, cholesterol, and decreased blood flow to kidneys, 
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gastrointestinal system, and skin. Prolonged exposure or dysfunction by way of 

hypersecretion or hypo secretion of these chemicals and subsequent effects can lead 

to a variety of increased risk such as hypertension, thrombosis, or arrhythmias.84,87–

89 

The brake for the sympathetic nervous system is the parasympathetic 

nervous system, and it releases acetylcholine, which results in a decrease in heart 

rate, dilation and muscle tension. 76,83 Both systems are partially active all the time, 

but only one system can dominate at a time (with some exceptions (i.e. blood 

vessels dominated by sympathetic system).76 

The endocrine system’s action is the final mechanism of the stress response 

and it is activated as a result of perceived sustained threat; therefore the goal of this 

system in the stress response is to extend energy release.83 By utilizing hormones 

that its glands manufacture and secrete, it can regulate metabolic change throughout 

the body.76  

For cascade begins with, neural impulses from the hippocampal which 

descend into the hypothalamus, promoting the secretion of corticotrophin –releasing 

factor (CRF).78,84,85 The CRF stimulates the anterior pituitary to further release 

adrenocorticotropic- hormone (ACTH), into the blood.  ACTH is carried through 

the blood until it reaches the target organ, the adrenal cortex, to stimulate the 

release of corticosteroids. 78,84,85,76  

The corticosteroids of interest are:  glucocorticoids (i.e.: cortisol) and 

mineralocorticoids (i.e.: aldosterone).  The main function of aldosterone is to 
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regulate the reabsorption of sodium and the excretion of potassium by the kidneys 

to maintain volume and electrolyte balance in the plasma.76 It does this by 

decreasing their excretion by the sweat glands and gastrointestinal tract, resulting in 

fluid retention.78,84,85 Excessive activation of mineralocorticoids in human is 

associated with the development of Cushing’s syndrome (hyperadrenocorticism), 

and high blood pressure.84,85,89  

Glucocorticoids are biochemicals (cortisol being the primary hormone) that 

help to generate glucose in the blood stream.  Through the process of 

gluconeogenesis in the liver (and sometimes the kidneys), the body can break down 

non-carbohydrates resulting in elevated plasma glucose, which, in turn, promotes 

the deposition of liver glycogen.76,84,90 Increased hepatic gluconeogenesis and 

glycogenesis is the result of direct effects of glucocorticoids on the liver’s gene 

expression, coding for enzymes to produce glucose and glycogen.90 Typically, 

cortisol is known to suppress the inflammatory reaction to infectious or 

immunologic agents, inhibiting migration of leukocytes, and phagocytic activity. 90 

On the contrary, long term exposure results in an increase in white blood 

cells due to cytokine production and an influx from the bone marrow but a 

reduction of removal from the vascular system, causing atherosclerotic 

inflammation.76,91,92 Prolonged or excess exposure also leads to a diabetic-like state 

due to the increase in plasma glucose, while low glucocorticoid concentrations lead 

to hypoglycemia, decreased glycogen stores, and hypersensitivity to insulin.90 

Glucocorticoids also decrease uptake of glucose in peripheral tissues to provide 

more glucose for glycogen formation in the liver, resulting in insulin resistance.84   
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In terms of the effects of glucocorticoids on lipid metabolism, cortisol is 

utilized for lipolysis, the mobilization and breakdown of fatty acids for energy. 84,90 

It is also known to redistribute body fat in hyper-corticism and large doses of 

glucocorticoids lead to redistribution of fat to the upper trunk and face, along with 

simultaneous loss of fat in the limbs.90,93  

In the intestine, glucocorticoids increase sodium and water retention and 

secrete potassium.90,94 Cortisol increases gastric acid to the mucosa, and decreases 

the rate of gastric cell proliferation.84,90,94 It is well established that high dose or 

long-term use of glucocorticoids may cause peptic ulceration or exacerbate existing 

ulcers.89 

In terms of other hormones released, vasopressin, or antidiuretic hormone is 

used to regulate fluid loss by the urinary tract. It does this by modifying blood 

pressure, however during chronic stress many regulatory mechanisms become 

exhausted or dysfunctional, and increased secretion of vasopressin leads to 

hypertension.76,95 Lastly, during the stress response, the hypothalamus releases 

thyrotropin-releasing factor (TRF) to the anterior pituitary; this stimulates the 

secretion of thyroid-stimulating hormone (TSH) into the blood. 84 TSH stimulates 

the thyroid gland to release triiodothyronine (T3) and thyroxine (T4).89 These 

hormones are known to increase metabolism, heart rate, and have been associated 

with many hormonal imbalance disorders.89 

Any stimulus that induces a stress response is referred to as a stressor, and in 

general there are two types typically studied: (a) psychosocial (b) biogenic. 96 In 

brief, biogenic stressors do not require cognitive appraisal to elicit a physical stress 
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response, because they have an intrinsic stimulant attribute.  Examples are found in 

compounds such as caffeinated drinks, (i.e., coffee, tea) amphetamines, cocaine, as 

well as extreme heat or cold, all of which can directly trigger a physiological 

arousal without cognitive appraisal. On the other hand, psychosocial stressors 

mostly require a process of cognitive interpretation; in particular, they are processed 

within the brain and assigned meanings.96–98 Furthermore affective integration 

refers to the intensity of a felt emotion while it is being interpreted. Therefore, the 

cognitive–affective complex represents how the stressors are ultimately 

perceived.67,69,98 Hans Selye, (physician who proposed the definition of stress) once 

said, “It’s not what happens to you that matters, but how you take it.” Indeed, some 

stimuli leave less room for variation in terms of interpretation and are typically 

known to be more stressful for humans, (e.g., external threat to one’s safety, grief, 

guilt, etc.). But even in these cases, many factors can play a role in the intensity or 

attenuation of the subsequent stress response. 96  

After the stimuli is interpreted, impulses are sent back to the limbic system 

99 in which we may feel an emotion and prepare for the potential to trigger flight or 

fight. Impulses are also sent to the neo-cortex; these impulses are concerned with 

neuromuscular enhancement, where, the intention for action can be translated to 

motor activity, that is, these structures appear to trigger the multi-systemic stress 

response. 78 Hence, stress is a response to a stimulus; moreover, the stress response 

is a physiological mediator or link between a stressor and its target organ.96  

The ways in which the stress response is linked to subsequent target-organ 
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disease is a multi-step process.83 When a stimulus is deemed a threat, a combination 

of the nervous, neuroendocrine, and endocrine components of the stress response 

work together to activate, increase, or obstruct normal functioning of the organs in 

the human body to cope and restore homeostasis.28,100–104 Target-organ systems 

mentioned included the cardiovascular system, lipid metabolism, glucose 

metabolism, the gastrointestinal system, and the immune system.28,100–104 Typically, 

a sporadic stressful event that an organism can efficiently address is normal, 

adaptive and may improve the chances of survival.100 However, if incessant 

activation or overstimulation of target organs and systems occur over the lifespan, 

or during critical developmental periods, various clinical symptoms may become 

prevalent due to systemic dysregulation, or exhaustion.28,75,83,100–105 

Allostatic load theory & practical use of multi-systemic biological risk 

The allostatic load (AL) theory describes over-activation of primary 

mediators such as the aforementioned stress hormones and pro- and anti-

inflammatory cytokines that result in exhaustion and adverse effects on different 

organ systems.106 These hormone levels (primary mediators) are increased in 

individuals who experience acute or chronic stress, and they are responsible for the 

immediate effects on cardiac, respiratory, vascular, and other organ.107,108 

Periodically, this dynamic process is pertinent and beneficial to survival.108 

However, the AL theory aligns with the biological stress response logic that there 

are consequences due to chronic, incessant, or prolonged activation of the HPA axis 

due to stress.108 This approach is useful because it focuses on the effects of the 

neuroendocrine systems and their intersectional roles in homeostasis related to 
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regulatory processes of the body and managing external stressors.100,108,109 

Furthermore this theory includes how stress hormones and cytokines are linked to 

pathophysiologic processes such as elevated blood pressure, serum cholesterol, 

diabetes, and inflammation.110–112 Therefore over the last 20 years, studies typically 

utilize sub-clinically relevant and streamlined markers from multiple interconnected 

systems, 62,113–116 and as expected AL composites have predicted the onset of 

chronic diseases related to cardiac disease, diabetes, and stroke and all-cause 

mortality.117–120   

As a concept, allostasis is complementary to homeostatsis121 encompassing 

what happens to the body while it attempts to maintain stability or homeostasis 

through change.81,122 Operationally, the biological mechanism encompasses the 

response to psychological and physical threats to homeostasis (i.e., stressors), which 

consists of activating a network of mediators or chemical messengers via the 

hypothalamic pituitary adrenal (HPA) axis and the sympathetic nervous system 

(SNS).76,106,108,121 Specifically, the autonomic nervous system responds to stress by 

activating the SNS and involves the downstream secretion of epinephrine and 

norepinephrine.76,100,121–123 Furthermore, when a threat persists, the HPA responds 

by eventually secreting glucocorticoids such as cortisol, whose receptors are 

ubiquitous in the body and is involved with growth, metabolism and immune 

function.76,100,121–123 The AL theory is a way to conceptualize health risks from a 

multi-systems perspective.  As a result of the incessant failed attempts to adapt, the 

body continues to respond by secreting corticosteroids.  The price paid for 

continuous exposure to excess hormones can be dysregulation of the stress response 
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at any step, and/or acquired resistance to hormones processing a feedback that 

results in hypo or hyper secretion, and an accumulation of physiological and 

somatic damage, experienced over the lifespan. All of which may exacerbate the 

disease risk of a patient or complicate their clinical status.  AL summaries estimate 

wear-and-tear by using a composite of biomarkers representing neuroendocrine, 

cardiovascular, metabolic, and immune systems.124.63,108,117,125 

The factor structure of AL as a distinct model for dysregulation across 

multiple regulatory systems has provided a statistically significant good fit for data 

in previous studies.110–112 This type of representation is especially valid for this 

analysis because the main outcome is the influence of this cascade on regulatory 

systems overtime, and not an actual snapshot of hormone chemistry labs.62,113,116,126 

This approach is more efficient than self-report stressors because in research 

relating psychological factors to physical illness, patients typically re-evaluate their 

lives on the basis of their health state and might selectively recall their experience 

before disease diagnosis. 

Epidemiology of the Trends of Mortality in the US. 

 In the US, age-adjusted mortality for the total US population hit a standstill in 

2010 and increased slightly in 2015.127,128 Mortality trends and causes of death in 

the US are strongly modified by age groups, sex and race ethnicity.  

 The percent distribution of the 10 leading causes of death, by age groups 

greater than 25 years of age in the US during 2014 included: Unintentional injury 

(28.2%), cancer (12.6%), heart disease (11.6%), suicide (11.2%), and homicide 

(5.7%) amongst those aged 25-44. 129 Amongst people from the ages of 45-64, 
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cancer (30.5), heart disease (20.8), unintentional injury (7.4), chronic liver disease 

and cirrhosis (4.1), and chronic lower respiratory diseases (4.0) are the main causes 

of death.129 For those 65 and older, the leading causes of death are heart disease 

(25.5), cancer (21.5), chronic lower respiratory diseases (6.5), stroke (5.9), and 

Alzheimer’s (4.8) are the top causes of death.129 Lastly, in those above the age of 

85, the profile changes slightly, and the prevalence of death due to cancer decreases 

dramatically (12.2), and heart disease (29.2), Alzheimer’s (7.5), stroke (6.8) and 

chronic lower respiratory diseases (5.0) are the burden.129  

 In 2014, amongst white women aged 35-85, white men 55-85, black men 55-

74, black women 35-74, malignant neoplasms are the #1 cause of death 

respectively.130 Heart disease death is #1 for white males aged 45-54 and 85+, white 

women aged 85+, black males aged 35-54 and 75+, and black women aged 75+.130 

The other top causes of death for each sub group include: unintentional accidents, 

homicide, suicide, cerebrovascular disease, and chronic lower respiratory disease 

with differences in prevalence based on age and race ethnicity.130 

A recent study published in Lancet by Shiels et al127, performed an analysis 

utilizing death certificates from the US National Center for Health Statistics and 

denominator estimates from the US Census Bureau to create age-period-cohort 

models.  They estimated yearly percent changes or trends, as well as excess age 

standardized deaths from the year 2000 to 2014.  

From 1999 to 2014, premature mortality differentially changed based on age 

groups. Among white persons, mortality increased in men aged 25–32 years, 40–49 

years, and 63–64 years.127   Amongst white women increases were seen in those 
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aged 25–38 years, 40–50 years, and 62–64 years of age.127 Premature mortality also 

increased for American Indians and Alaska Natives for most age groups.127 The 

largest increases were seen in both in white and American Indians and Alaska 

Natives women aged 25–30 years. On the other hand, premature mortality declined 

across all age groups in Latino individuals (by up to 3·2% per year), black 

individuals (up to 3·9% per year), and Asians and Pacific Islanders (up to 2·6% per 

year). 127 

 Besides the small changes in trends across 15 years, from 2011 to 2014, 

American Indians and Alaska Natives had the highest mortality across all age 

groups, and although the rates for premature mortality for black individuals have 

been improving, the rates for premature death are so high that this group carries the 

second highest mortality rate in the US.127 Asians and Pacific Islanders had the 

lowest premature mortality across all age groups.127 

 Mortality due to accidental deaths and suicide increased in all age groups and 

both sexes, and contributed strongly to the increases in excess premature deaths 

from 2011 to 2014. 127 In comparison, decreases in all-cause mortality for 50 to 64 

year old men and women were largely driven by declines in mortality caused by 

cancer and heart disease, resulting in 175,000 fewer deaths in white men and 

135,000 fewer deaths in white women during 2000 to 2014.127 

 For Latinos, there were decreases in premature mortality for both men and 

women in all age groups, however the most were due to a decline in HIV deaths in 

25 to 39 year old and 40 to 49 year old men, reductions in cancer deaths in 25 to 39 

year old and 40 to 49 year old women, and decreases in heart disease deaths in 50 to 



 
 

24 

64 year old men and women.127 These declines resulted in 76, 000 fewer deaths in 

men and 36, 000 fewer deaths in women from 2000 to 2014. 127  

 Black individuals exhibited reductions in HIV deaths amongst 25 to 39-year-

old and 40 to 49-year-old men and in 25 to 39 year old women, declines in cancer 

deaths in 40 to 49 year old women, and decreases in heart disease deaths in 50 to 64 

year old men and women. Amongst those aged 25 to 64 years of age, 202, 000 

deaths in men and 108, 000 deaths in women were prevented from 2000 to 2014. 

Nonetheless, mortality rates in both black men and women are still almost 1.5 times 

higher than that in white individuals. 127 

 In Asians and Pacific Islanders, there were mortality decreases in men and 

women, all adult age groups, and the majority of the causes of death resulting in 

17 000 fewer deaths in men and 17 000 fewer deaths in women from the ages of 25 

to 64 from 2000 to 2014.127 

 Amongst American Indians and Alaska Natives, there were increases in 

mortality for all age groups, except 50 to 64 year old women.127 Deaths rates in 

individuals aged 25 to 49 years increased for most major causes of death and this 

resulted in approximately 3000 more premature deaths in men and 3600 in women 

from 2000 to 2014. Most of the excess deaths in women were due to chronic liver 

disease and cirrhosis in all age groups. There were no decreases in heart disease 

death for those aged 25–49 years.127 
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 The complexity of the top 5 morbidities, and the multiple factors contributing 

to the pathophysiology of these conditions have made prevention of premature 

death conceptually difficult to prevent and tackle. Furthermore, estimating which 

social, behavioral, or physical toxins may have been the primary reason for 

mortality in an individual has limitations. A study published in 2009 by Danaei et 

al,131 estimated the influence of mortality due to modifiable risk factors. Their study 

found that, tobacco smoking and high blood pressure could be attributed to 

approximately 467,000 (95% confidence interval [CI] 436,000–500,000) and 

395,000 (372,000–414,000) deaths in the US in 2005, accounting for about 20% of 

deaths in US adults.131 Overweight–obesity and physical inactivity contributed 

approximately 216,000 (188,000–237,000) and 191,000 (164,000–222,000) deaths 

respectively, representing about 10% each. In terms of diet, high salt intake 

(102,000; 97,000–107,000), low dietary omega-3 fatty acids (84,000; 72,000–

96,000), and high dietary trans fatty acids (82,000; 63,000–97,000) contributed the 

most to death in 2005.131 About 90,000 (88,000–94,000) deaths from other 

cardiovascular diseases, cancers, liver cirrhosis, pancreatitis, alcohol use disorders, 

road traffic and injuries, and violence were attributable to alcohol consumption 

(although 26,000 (23,000–40,000) deaths from ischemic heart disease, ischemic 

stroke, and diabetes were deterred by current alcohol use). 131 

 From 2005-2013, the CDC further verified that the aforementioned 

contributors are still prevalent and action toward reducing these contributors have 

shown limited improvement.132 Smoking among adults remained stable at 25% and 

smoking among youth declined to15.7%.132 Obesity rates remained level at 35% for 
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adults and 17% for youth.132 They estimated that 21% of adults met the 

recommended levels of physical activity, the same for the last 3 years.132 

Hypertension and cholesterol increased to 46.3% and 29.5%, respectively.132 The 

prevalence of people living with HIV who know their serostatus increased to 

84.2%.132 The number of incident hepatitis C cases and hepatitis C-associated 

deaths increased by an average of 6.4% and 6.0% per year.132 

 In 2011, researchers estimated the number of deaths attributable to social 

factors in the US using articles published between 1980 and 2007.7 They obtained 

the estimates of the relation between social factors and adult all-cause mortality by 

calculating summary relative risk estimates of mortality, and using prevalence 

estimates for each social factor to calculate the population-attributable fraction for 

each social factor.7 The study found that about 245,000 deaths in the United States 

in 2000 were attributable to low education, 176, 000 deaths were due to racial 

geographic segregation, 162,000 deaths were due to low social support, 133, 000 to 

individual-level poverty, 119, 000 to income inequality, and 39 000 to area-level 

poverty.7 It was concluded that the approximate number of deaths due to social 

factors in the United States rivals numbers due to pathophysiological and lifestyle 

causes.7 The discussion explains that stress may partially explain the link between 

social factors and mortality, however stress could not be addressed within this 

study, and future studies should assess this important pathway. 7 

 Indeed, more recent studies show that these numbers may be an 

underestimation. Recently an analysis estimated annual life expectancy by county 
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from 1980 to 2014 and further assessed the proportion of variation in life 

expectancy explained by variation in socioeconomic and race/ethnicity factors, 

behavioral and metabolic risk factors, and health care factors.11 The study found 

that socioeconomic and race/ethnicity factors, behavioral and metabolic risk factors, 

and health care factors explained 60%, 74%, and 27% of county-level disparity in 

life expectancy, respectively in the US.11 When pooled, these factors explained 74% 

of this variation.11 A majority of the association between socioeconomic and 

race/ethnicity factors and life expectancy was mediated through behavioral and 

metabolic risk factors.11 

 These analyses that assess contributors to chronic complex diseases, and 

subsequent premature death speak to a broader and more complex view of public 

health and medicine in understanding causes of mortality.  

Survival is an important measure for directly and specifically assessing how 

much has been gained in the advancement in specific efforts (therapies) to improve 

cancer outcomes, however many scientist strongly believe that mortality rates 

remain the most important measure of our progress against fighting cancer.133 

Indeed, this strongly depends on the question being asked, however the 

interpretation of survival measures is biased by changes in screening and detection; 

specifically detecting cases that would not have clinically manifested into disease 

(over-diagnosis), or identifying cancers that are slow to develop (length bias).134,135 

Also, improved screening results in a lead-time bias, capturing earlier diagnosis, but 

not a change in when the death would occur.135 Therefore, utilizing death rates 
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allows for the direct measurement of the burden of disease and/or death.136 

Furthermore when trends are assessed, death rates clearly highlight disparities of 

morbidity and mortality. 

Cancer deaths are counted as the crude and absolute number of deaths in a 

specified population.  Cancer death rates in the population are calculated as the 

number of deaths from cancer occurring in a particular group during a specified 

time period, and divided by the average number of persons alive during that period.  

Limitations in the interpretation of changes in mortality rates overtime can be 

biased by changes in disease classification, poor interpretation and completion of 

death certificates due competing causes of death.136 For example, when cancer is 

present (the underlying disease or condition that preceded and caused the immediate 

cause of death) but not recognized during death examination, a death caused by 

some nonmalignant condition (i.e.: heart failure, the immediate cause of death) will 

be coded to that condition. Further misclassifications that influence the reliability of 

data on cancer type, (i.e.: confusing colon and rectal) and lastly there are limits to 

interpreting the relationships between competing causes of death, especially 

amongst diseases that share many risk factors.136   

Cancer Risk and Cancer Mortality Epidemiology in the US and Globally 

Currently, we are still identifying and elucidating the causes and promoters 

of cancer in humans. Although a small line of research suggests that random errors 

in DNA replication drive cancer risk,137 the most common theory highlights that 

mutations are indeed a necessary but insufficient cause of cancer, and the driving 

theory regarding the etiology of cancer include additional mechanisms (the 
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hallmarks of cancer).138 Cancer is complex, and it is likely to occur when several 

biological systems become dysfunctional.139–141 Further, random occurrences of 

mutations are not equal to random occurrence or sporadic cancer incidence.142,143,144 

Worldwide, patterns of the most common cancers develop differently in women, 

men, high income countries, low income countries, and change across time, 

ethnicity and geographic variation.    

A recent study published regarding overall updates to cancer death statistics 

in the US and globally, utilizing data from the National Center for Health 

Statistics.9 There were over 8.7 million deaths due to cancer around the world in 

2015.9 This caused about 208.3 million disability-adjusted life years (DALYs) in 

2015, of which 96% came from years of life lost (YLLs) and 4% came from years 

lived with disability (YLDs).145 Although cancer is the second leading cause of 

death in the US overall, when stratified it is the number one cause of death amongst 

22 states,146 amid Hispanic and Asian Americans,147,148 among women aged 40-79 , 

and men aged 45-79.149 

 During 2017, it is projected that approximately 600,920 Americans will die 

from cancer; this is about 1,650 deaths per day.150 Currently, the most common 

causes of cancer death are cancers of the lung and bronchus, colorectal, and prostate 

amongst men and lung and bronchus, breast, and colorectal in women. These 4 

cancers account for 46% of all cancer deaths, with more than one-quarter resulting 

from lung cancer.150  

From 1980 to 2014, there were a total of 19.5 million cancer deaths in the 

US.9 Amongst the top cancer sites over the last 3 decades, there were 5,656,423 
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deaths due to tracheal, bronchus, and lung cancer; 2,484,476 deaths due to colon 

and rectum cancer; 1,573,593 deaths due to breast cancer; 1,157,878 deaths due to 

pancreatic cancer; 1,077,030 due to prostate cancer.9 The decline in cancer 

mortality over the past 2 decades is the result of steady reductions in smoking as 

well as advances in early detection and treatment; this is seen mainly in the top 4 

cancers (lung, breast, prostate, and colorectal).150  

During the 20th century, the overall cancer death rates that increased mostly 

due to the tobacco epidemic, resulted in a cancer death rate peak in 1991 in the US 

of 215.1 per 100,000, and these rates have dropped by approximately 25% to 161.2 

in 2014 due to the decreased prevalence of smoking. This decline is larger in men 

than in women, and resulted in approximately 2,143,200 fewer cancer deaths (1.4 

million in men and 659,200 in women) than what would have been expected with 

peak rates.149 Even so, within the Southern region of the US, about 40% of cancer 

deaths in men during 2014 was due to smoking.151 

Researchers estimate that  about 45% of cancer deaths in the US are due to 

modifiable risk factors including : high body mass index (BMI), low fruit and 

vegetable intake, lack of physical activity, infection, alcohol use, and tobacco use as 

previously mentioned.152 

The percentage of adults that are overweight (BMI>25 kg m−2) and obese 

(BMI>30 kg m−2) has increased over the last 35 years.153 A high BMI is associated 

with an increased risk of many non-infectious diseases, including cancer.154,155 

Around the world, the most common cancers related to excess adiposity are cancers 

of the: esophagus, gastric cardia, colorectal, gallbladder, pancreas, liver, 
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postmenopausal breast, ovary, endometrium, kidney and prostate.156 The most 

commonly cited study regarding the burden of obesity on cancer death in the US 

was published in the New England Journal of Medicine in 2003 by Calle, et. al.157 

The study prospectively analyzed 900,000 US adults at baseline, which resulted in 

57,145 deaths from cancer during 16 years of follow-up.157 There were significant 

positive associations between a higher BMI and cancer death for cancers of the 

esophagus, colorectal, liver, gallbladder, pancreas, and kidney in cancers that men 

and women share.157 In men alone, stomach and prostate cancers were observed and 

breast, uterus, cervix, and ovary were observed in women alone.157 In conclusion, 

given the patterns and predictions of overweight and obesity at that time in the 

United States (US), excess weight could account for approximately 14% of all 

deaths from cancer in men and 20% in women.157 

The relationship was also assessed in the Million Women Study, a 

prospective cohort study with 1.2 million women from the UK aged 50-64.152  The 

study found increased relative risks of mortality for all cause cancer death due to 

increasing BMI while adjusting for age, location, socioeconomic status, age at first 

birth, parity, smoking status, alcohol intake, physical activity, years since 

menopause, and use of hormone replacement therapy.158  The cancers that drove the 

association were likely, leukemia, multiple myeloma, kidney, ovary endometrium, 

postmenopausal breast, pancreas, and esophageal. 158   

Lastly, the Prospective Studies Collaboration published a study in Lancet, 

where they examined BMI and cause specific mortality by amalgamating data from 

57 studies with 894, 576 participants, in Europe and North America. 158 There were 
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22,592 cancer deaths after 13 years of follow up (although the study excluded 5 

years to limit reverse causality, leaving 8 years of follow up time). 159 For those 

with a BMI from 25–50 kg/m2, cancer accounted for almost 60%  as many deaths as 

vascular disease, but the association was not as strong.159  BMI was associated with 

a 10% increased risk for cancer mortality, for each 5 kg/m2 higher BMI.  In this 

study, liver, (HR 1.47 [1.26–1.71]), kidney (1.23 [1.06–1.43]), breast (1.15 [1.02–

1.31] for pre and post-menopausal ), endometrium (1.38 [1.08–1.77]), prostate (1.13 

[1.02–1.24]), and large intestine (1.20 [1.12–1.28].159 

For those with a BMI from 15–25 kg/m2, there was an inverse association 

with mortality from cancer as a whole, and this is likely because of strong inverse 

associations with the cancers related to smoking.159 

Although it may seem intuitive to deduce that an increased risk for cancer 

may lead to an increase in cancer death, the interpretation of data regarding cancer 

death is not straightforward and the evidence carries large limitations that are 

currently being explored in the literature.  It is not clear of whether or not 

associations are causal given the many-shared factors that lead to adiposity (i.e., 

diet quality, exercise), as well as a variety of metabolic disorders that adiposity 

imposes on the body. Furthermore, evidence from the literature has revealed an 

“obesity paradox”,160 where being overweight and obese category I has been 

associated with an improved survival compared with normal weight.160,161 This 

paradox implicates 3 potential concepts: (1) Suggests that a measure of a single 

‘ideal weight’ for a specific height may should be further assessed, (2) suggests that 

there are benefits to possessing a higher weight during older ages.160,161 Lastly, (3) 
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epidemiologically, this could be due to uncontrolled confounding, temporality, or 

even collider bias, where results are strongly influenced by a confounder that has at 

least two sources common to the risk of the covariate and the outcome of interest, 

thereby influencing your results so much so that the association displayed is not 

necessary due to the exposure of interest (i.e., smoking and obesity).160,161  

Another top contributor to cancer risk and therefore largely impacts cancer 

death rates globally are infections, where about 2.2 million (~15%) of cancer cases 

were attributable to infection in 2012.162 IARC has identified ten infectious agents 

to be carcinogenic to humans (Group 1) which include: one bacterium called 

Helicobacter pylori, six viruses that include: hepatitis B virus (HBV), hepatitis C 

virus (HCV), human papillomavirus (HPV; types 16, 18, 31, 33, 35, 39, 45, 51, 52, 

56, 58, and 59), Epstein–Barr virus (EBV), human herpes virus type 8 (HHV-8), 

and human T-cell lymphotropic virus type 1 (HTLV-1), and 3 parasites: 

Opisthorchis viverrini, Clonorchis sinensis, and Schistosoma haematobium. 163 

Strongly correlated with socioeconomic development, cancer cases 

attributable to infection differ by country, ranging from approximately less than 4% 

in North America and some countries in west and north Europe up to about 50% in 

sub-Saharan Africa and Mongolia.162 Almost 65% of infection-related cancers 

occurred in low human development index countries.162 

  H pylori, HPV, HBV, and HCV together were responsible for about 95% 

of new infection related cancers worldwide in 2012, with H pylori and 

HPV contributing the most in High and Very High Human Development Index 

countries such as the US (AF of new cancer cases due to HPV in the US= 1.1% for 
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men and 2.6% for women).162 The burden of HPV-attributable cancer (mostly 

cervical cancer) was so excessive globally, it practically equated infectious-

attributable cancer in men for all infections, making it that so that overall the 

numbers of cancers attributable to all infections were similar for both sexes.162 Due 

to lack of vaccination and screening, almost half of the women diagnosed with 

cervical cancer will die from this cancer (~ 250,000), the majority of those deaths 

(>80%) are in low Human Development Index Countries. 164 

IARC has reviewed hundreds of epidemiological and animal studies over 

the last 30 years to examine the carcinogenicity of alcoholic drinks; each time the 

updated data and evaluation has confirmed that alcoholic beverages are indeed 

carcinogenic to humans (Group 1).165 Tumors of the mouth, pharynx, larynx, 

esophagus, liver, colorectal, and female breast were all associated with alcohol 

consumption. Furthermore, the National Toxicology Program of the US Department 

of Health and Human Services reports that there is strong scientific evidence of a 

”dose-response” association; after moderate drinking, the more alcohol consumed, 

the higher the risk for an alcohol-related cancer.166 

A study published in the American Journal of Public Health in 2013 by 

Nelson et al,167 provided current estimates of alcohol-attributable cancer mortality 

in the United States.  Data was based on relative risks provided by meta-analyses 

published from 2000- 2009 as well as alcohol consumption data from the 2009 

Alcohol Epidemiologic Data System, 2009 Behavioral Risk Factor Surveillance 

System, and the National Alcohol Survey in 2009–2010.167 The results showed that 

alcohol consumption attributed to about 18,200 to 21,300 cancer deaths, or 3.2% to 
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3.7% of all US cancer deaths.167 The majority of alcohol-attributable female cancer 

deaths were from breast cancer (56% to 66%), and alcohol-attributable cancer 

deaths in men were from upper airway and esophageal cancers (53% to 71%). 

167Lastly approximately 26% of alcohol-attributable cancer deaths were among 

those who consumed 20 grams or less of alcohol per day.167 

Physical activity is an important component of metabolism.168 While a 

decrease of physical activity may lead to cancer outcomes by way of excess weight 

and obesity, evidence also indicates that physical activity may reduce the risks of 

several cancers through other mechanisms, independent of obesity.169 In a US 

sample population prospective study with 293,511 men and women, a higher pre-

diagnosed physical activity level was associated with a lower risk of all-cancer 

mortality.170 Specifically in comparison to those reporting rare or no physical 

activity, there was a lower risk starting from 7% to 11% for those reporting 

anywhere from 1 to 7 hours of physical activity. 170 

Over 35 years ago epidemiologists, Sir Richard Doll and Peto estimated that 

about 30–35% of cancer deaths in the US were associated with diet.171 Estimating 

the burden and impact of ones diet on cancer mortality is complex and riddled with 

confounding due to its multifactorial interaction with the body, therefore it was also 

concluded that this percentage could be as low as 10% or as high as 70%. 171 Diet 

has been associated with at least 70% of colorectal cancer cases, however the 

majority of studies focus on the colorectum.172,173 Still, positive associations were 

seen in epidemiological studies between consumption of red meat and non-indolent 

prostate cancers as well as cancers of the pancreas, breast and stomach.172,173 A 



 
 

36 

component of the research considers carcinogens in cooked food and dietary fat; 

this is especially so for red processed (i.e.: curing, smoking, high temperature 

frying, grilling) meat where IARC has recently deemed it carcinogenic for 

humans.173 Another component that may contribute to increased risks are due to 

excessive energy intake, characterized by rapid growth and quicker onset of 

menstrual cycles in childhood, as well as excess adiposity in adults, particularly for 

cancers of the colon and breast.174  

According to WHO/IARC, about 19% of all cancers are attributable to 

environmental carcinogens (i.e.; agents, mixtures, and chemical exposures) 

including work setting, resulting in 1.3 million deaths annually.175,176 In 2012 within 

the U.S., there were between 45,872 and 91,745 new cancer cases that were caused 

by past exposure in the workplace according to the CDC.177 This is likely an 

underestimate, due to the fact that we are currently discovering new information 

about agents in the workplace that may cause cancer. 178 

In terms of trends and patterns of mortality in the US by age race and sex, an 

annual report completed and published by a collaboration of cancer health agencies 

including The American Cancer Society (ACS), Centers for Disease Control and 

Prevention (CDC), National Cancer Institute (NCI), and the North American 

Association of Central Cancer Registries (NAACCR) is being summarized for the 

epidemiology of cancer death trends in this dissertation.  In terms of methodology, 

this report used data collected from death certificates by state and assembled into a 

national file. Furthermore, the International Classification of Disease (ICD) codes 

were used to identify underlying cause of death and they were further categorized 
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according to SEER causes of death recode to increase comparability between ICD 

versions. Lastly, age, sex, race, and ethnicity are based on information from medical 

records and death certificates.    

For the duration of this dissertation, the social construct of race utilized in 

the US is categorized as white, black, Asian and Pacific Islander (API), American 

Indian/Alaska Native (AI/AN). Race by ethnicity based on Hispanic origin is 

categorized as non-Hispanic white (NHW), non-Hispanic black (NHB), non-

Hispanic Asian and Pacific Islander (NHAPI), non-Hispanic American 

Indian/Alaska Native (NHAI/AN), and Hispanic (keeping in mind this category 

includes black and white participants).  

 By age group, for those younger than the age of 40, the leading causes of 

cancer death are due to brain cancer, leukemia, and female breast cancer before age 

40 years. In 2013, lung cancer surpassed breast cancer as the leading cause of 

cancer death among women aged 40 to 59 years. Cervical cancer is the second 

leading cause of cancer death in women aged 20 to 39 years. 

In terms of sex trends over the last 5 years, cancer death rates during the 

period 2010-2014 decreased for 11 of the 16 most common types of cancer in men 

and for 13 of the 18 most common types of cancer in women, including lung, 

colorectal, female breast, and prostate cancers. On the other hand, death rates 

increased for cancers of the liver, pancreas, and brain in men and for liver and 

uterine cancer in women. Adult height is positively associated with cancer 

incidence and death in both men and women, and has been hypothesized and 

estimated to account for one-third of the gender disparity in cancer risk.179 
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Currently, incidence and mortality rates are 20% and 40 % higher in men 

respectively; however, over the years, trends show that overall cancer incidence 

rates have decreased in men but stabilized in women during the period 1999-2013. 

 In general the disparity is potentially due to the disproportionate 

distribution of specific types amongst men.150 For example, liver cancer, which is 

highly fatal, is 3 times higher in men than in women.150 The largest sex disparities 

are for cancers of the esophagus, larynx, and bladder, for which incidence and death 

rates are about 4-fold higher in men.150 This may be due to the disproportionate 

prevalence of alcohol consumption and smoking amongst men; the stabilization and 

increases in women may be due to the increase in the very same behaviors.180,181 

However, incidence rates are higher in women for cancers of the anus, gallbladder, 

and thyroid, cancer which are typically nonfatal.150 On the other hand, melanoma 

incidence rates are about 60% higher in men and death rates are about double in 

men.150 Women are typically diagnosed at an earlier stage, however men are also 

likely to have unfavorable prognostic indicators (i.e.; thick tumors, ulceration) and 

an older age at diagnosis.  Furthermore, although hormonal influences are thought 

to play a role, women still fair better with advanced disease.182  

By race ethnicity, in 2014, the cancer death rate has recently declined 

significantly, now resulting in a death rate that is about 15% higher in blacks than in 

whites.150 The largest disparity is seen in men, likely due to prostate outcomes.150 

Many of the differences are due to the disproportionate burden of unequal access to 

high-quality health care.150,183,184 This includes a lack of cancer prevention, early 

detection, timely diagnosis, and optimal treatment amongst minorities.  However, 



 
 

39 

this gap is also narrowing rapidly, as a result of the Affordable Care Act, 11% of 

blacks, 16% of Latinos, and 7% of non-Hispanic whites were uninsured in 2015, 

down from 21%, 31% and 12%, respectively, in 2010.185  

Cancer death rates among APIs, American Indians/Alaska Natives 

(AI/ANs), and Latinos are not comparable to the top 4 cancers in the US among 

non-Hispanic whites and blacks, however these groups have higher rates for cancers 

associated with infection.150 AI/ANs in specific regions have the highest rates of 

kidney cancer, reflecting differences in the prevalence of renal cancer risk factors 

such as obesity and diet, smoking, alcohol consumption and hypertension.150 

Overall, these changes and rates are disproportionate amongst populations 

and do not solely depend on the rate of mutations at the cellular level. Somatic 

mutations, related to environmental and behavioral factors such as tobacco, obesity, 

ultraviolet radiation and viruses are initiators and/or promoters and the prevalence 

of social determinant related factors are not distributed proportionately amongst the 

global population, however they are disseminated by social differentials.  Therefore, 

cancer prevention strategies should proceed by tackling factors beyond the classic 

risk factors, including the whole system of an individual, both social and biological, 

and the intersection of the two, in order to estimate risk appropriately. 

Literature Review: Hormonal and Immune Review  

There are three areas of interest with regards to the functioning of the stress 

response; perceived threats can activate the nervous system, endocrine system, and 

immune system. Complementary to this, the allostatic load (AL) theory describes 

how prolonged or incessant exposure to stress hormones and cytokines are linked to 
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multiple interconnected systems including neuroendocrine, cardiovascular, 

metabolic, and immune systems.63,108,117,124,125 

Physiologically, the endocrine system is closely integrated with the central 

and peripheral nervous systems as well as with the immune system. In brief review, 

the endocrine system utilizes feedback regulation where the sensitivity of target 

cells to hormonal action is due to “feed-back” from a specific endocrine organ the 

endocrine system is attempting to control. This loop can regulate ongoing secretion 

of a hormone negatively or positively.186 Positive feedback enhances or continues 

stimulation of the original release stimuli (mostly common for gaining momentum 

i.e.: parturition).186  Negative feedback inhibits or attenuates hormone release 

stimuli. This is how the endocrine system maintains a steady state or range; the key 

contributing hormones to regulating homeostasis include thyroid hormone, cortisol, 

parathyroid hormone, vasopressin, the mineralocorticoids, and insulin.186   

Dysregulation of the endocrine system may symptomatically present in an 

inconsistent manner, influencing many organs and systems within the body due the 

ubiquitous nature of many hormone receptors.186 Disorder can arise by both 

hormone deficiency and excess. Generally, hormone deficiency in a diseased state 

is due to the target tissues becoming resistant to the hormone’s effects; therefore 

overproduction of the hormone begins due to the feedback loops that normally 

inhibit hormone synthesis and/or secretion, but they are also desensitized.186 

Dysfunctional hormone resistance that develops over time may come from a failure 

of receptor signaling and intracellular efficiency.186 The converse would be 

hormone excess and/or overstimulation of hormone receptors due to endocrine 
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tumors, or disorder of hormone excess. Antibodies that bind to and activate the 

receptor for a particular hormone can mimic hormone excess.186 This involves 

specific immunoglobulins binding to the receptor for the specified hormone, 

causing receptor activation, and thus secretion of the hormone regardless of the 

proper physiologic trigger for this event. 186 

This dissertation evaluates both animal lab studies and human 

epidemiological studies to review the biological mechanisms that bridges stress-

related biological processes and disease in humans.  Unfortunately, not all 

biological processes are easily assessed in large population studies due to sampling 

challenges, expenses, and ethical guidelines. Animal studies are used in science to 

control external factors and establish proof of principle relevant to humans 

especially because randomization to chronic stress is unethical.  Through numerous 

pathways by which stress-related biological processes act, have been hypothesized 

and tested to understand the contribution of chronic stress to chronic morbidities 

such as cardiovascular disease and cancer etiology as well as overall mortality.  The 

intersection of stress, immune, autonomic, cardiovascular, and metabolic processes 

are reviewed below. 

Many markers of the immune system have been studied in relation to 

psychological stress; basic descriptions of immune components are described. 

There are two forms of response in defense of an external invasion. One is a 

nonspecific, innate system of immunity that is present at birth; the other is an 

adaptive system that is acquired and utilizes immunologic memory through the 

lifespan.187 The skin, stomach acid, cough reflex, and mucosal barriers are some of 
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the first line of defense of the innate immune system.187 Other factors, such as 

proteolytic enzymes, acute-phase proteins, cytokines and leukocytes, are additional 

layers of protection.187 Toll-like receptors (TLR) that are found on macrophages, 

mast cells, and immature dendritic cells, identify patterns found in microbial 

proteins, DNA, RNA, and lipopolysaccharide (LPS), and this initiates inflammatory 

responses before an adaptive response.187 The inflammatory response 

(inflammation) occurs when tissues are injured or damaged.187 The damaged cells 

release chemicals including histamine, bradykinin, and prostaglandins.187 These 

chemicals cause blood vessels to leak fluid into the tissues, causing swelling and 

attract phagocytes.187 Foreign substances that can induce an immune response are 

called antigens or immunogens.187 Immunogens can react with antigen-binding sites 

on antibody molecules or T-cell receptors.187 Foreign agents that have breached the 

innate immune system may trigger the adaptive immune system.187 It has specificity 

and memory for individual antigens creating a stronger defense. Triggering the 

adaptive immune system elicits a cascade of events initiating the activation of 

lymphocytes, the synthesis of antigen-specific antibodies (humoral immunity that 

are protein chemicals), and effector cells (cellular or cell-mediated immunity), and 

potentially the elimination of the foreign element.187 

Effector cells derived from hematopoietic stem cells include mast cells, 

basophils, polymorphonuclear neutrophils, eosinophils, macrophages, monocytes, 

platelets, and lymphocytes.187 Cytokines are proteins made by lymphocytes 

(lymphokine), monocytes (monokines), and leukocytes (interleukins), that affect the 

behavior of other cells through specific receptors.187 Chemokines are a type of 
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cytokines that have chemo-attractant properties, inducing cells with the appropriate 

receptors to move toward the source of the chemokine.187 Lymphocytes are able to 

identify specific antigens and they include B lymphocytes (from bone marrow) 

involved in humoral or antibody responses, T lymphocytes involved in cellular 

immune responses (from thymus) and natural killer cells.188  

T lymphocytes are heterogeneous in terms of function. Helper-inducer T 

cells (CD4) help to amplify B-cell production of immunoglobulin and amplify T-

cell (CD8)–mediated cytotoxicity. The two types of helper T cells are differentiated 

by their cytokine production and T-helper type 1 (TH1) cells produce gamma-

interferon (IFN-γ) and tumor necrosis factor-beta (TNF-β). T-helper type 2 

(TH2) cells produce interleukins 4, 5, 9, and 25, among others. Both helper types 

produce interleukin (IL)-2, IL-3, IL-10, IL-13.  Cytotoxic or “killer” T cells are 

generated after mature T cells interact with certain foreign antigens. Cytotoxic T 

cells may kill their target through osmotic lysis, by secretion of TNF, or by 

induction of apoptosis. Mucosal dendritic cells regulate the generation of regulatory 

T cells. TH-17 and T-regulatory cells (TREG) are subsets of T cells, which modulate 

inflammatory responses through the secretion of regulatory cytokines. TH-17 cells 

recruit neutrophils to sites of acute inflammation through secretion of IL-17. 

TREG cells are inhibitory, suppressing activated T effector cells by their secretion of 

interleukin-10 and TGF-β cellREG cells modulate responses to antigen, thereby 

regulating homeostasis and tolerance versus inflammation, allergy, and 

autoimmunity. B-cell maturation proceeds in antigen-independent and antigen-

dependent stages. All mature B cells bear surface immunoglobulin that is their 
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antigen-specific receptor. The major role of B cells is differentiation to antibody-

secreting plasma cells, release of cytokines and also function as antigen-presenting 

cells. NK cells can kill a wide spectrum of target cells. Antibody-dependent cell-

mediated cytotoxicity (ADCC) occurs when an organism or a cell is coated by 

antibody and suffers NK cell–destruction. Also, NK cells can destroy virally 

infected cells or tumor cells nonspecifically. Macrophages are involved in the 

ingestion, processing, and presentation of antigens for interaction with 

lymphocytes. In addition, they are effector cells for certain types of tumor 

immunity. Circulating monocytes are recruited to sites of inflammation where they 

mature into macrophages. Mast cells are basophilic staining cells found chiefly in 

connective and subcutaneous tissue. Neutrophils are granulocytes that consume and 

destroy foreign antigens and microbial organisms.187,188  

Studies: The stress response and the immune system 

Studies over the last few decades have revealed the various influences stress 

may have on the immune system. The stress response is directly and indirectly 

connected with the immune system in more than one way; this is because 

epinephrine, norepinephrine, and cortisol are able to bind to specific receptors on 

white blood cells and resulting in regulation of function and circulation.189–191 

Sympathetic nerve fibers are present in the bone marrow, thymus, spleen and lymph 

nodes.191 In particular, almost all lymphocytes express adrenergic receptors, 

although there is differential sensitivity and quantity of receptors on lymphocytes, 

which may influence responsiveness to stress among specific cell groups.190,192–194 

For example, B cells have high density and lower affinity β2-adrenergic receptors, 
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whereas NK cells have high-density and high- affinity, and T cells have the lowest 

concentration of receptors.192,194–196 Once bonded with its ligand, β- adrenergic 

receptors signal for the activation of cyclic adenosine monophosphate (cAMP). 

Activation of β2-ARs when there are no physical immunogens increases pro-

inflammatory cytokine production.197–199 The catecholamines may mobilize 

hematopoietic stem cells out of bone marrow into circulation, moving to peripheral 

tissues and/or an area of injury to initiate inflammation.200–202 Within the bone 

marrow SNS signaling stimulates the production of monocytes, granulocytes, and 

other immune cells, resulting in a pro-inflammatory shift in the immunoregulatory 

circulating pool of leukocytes.200–202  

In general although systemic circulating glucocorticoids were traditionally 

known to be immunosuppressive, decades of updated and expanded research 

regarding this topic has revealed that they are in fact immunomodulating.203–208 

Glucocorticoids may reduce the number of circulating lymphocytes, monocytes, 

and eosinophils, mainly by increasing their movement out of circulation.189,209 

However conversely, they may also expand the number of circulating neutrophils 

by increasing their movement from the bone marrow to the bloodstream and 

simultaneously stopping their migration to an inflammatory location.189,208,209 They 

are also shown to both promote and dampen neutrophil apoptosis.189,208,209 The 

relationship between cortisol and the immune system is bidirectional where IL-1 

stimulates the secretion of CRH and ACTH. Although traditionally used as an anti-

inflammatory and/or immunosuppressive agent, glucocorticoids, especially at lower 

doses, also have stimulatory and permissive effects on the inflammatory response to 
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injury.203,210 Determination of suppression or enhancement has yet to be fully 

elucidated however they may be related to dose, or whether or not the presence of 

glucocorticoids precedes challenge or trauma. One study showed that in 

macrophages activated by lipopolysaccharide and interferon-γ challenge (stress), a 

high dose of corticosterone inhibited the transcription of inflammatory genes, 

whereas a low doses of corticosterone enhance inflammatory gene expression.211 In 

two murine studies, pro-inflammatory cytokine expression was enhanced when 

glucocorticoids were administered prior to lipopolysaccharide challenge (stress) but 

were attenuated when glucocorticoids were given after stress treatment.203,212  

Pathogen-associated molecular patterns or PAMPs detect microorganisms that are 

not associated with human cells, as well as DAMPs which are intracellular alarms 

that are activated when molecules are released from damaged tissues, and both are 

capable of initiating an inflammatory response.  A study described rapid increases 

in circulating glucocorticoid concentrations triggered by physiological stress may 

play a role in the systemic warning system, by sensitizing cells to DAMPs, PAMPs 

and inflammatory cytokines.206  

Indeed studies use different exposure compounds, and the effects due to 

physiologically induced endogenous glucocorticoids vs pharmacological or 

synthetic dose of glucocorticoids may influence the results of pathway 

studies.85,101,195 Endogenous hormones at physiological concentrations can be 

immune-enhancing whereas endogenous hormones at pharmacological 

concentrations, and synthetic hormones, may be immunosuppressive.85 Overall 

immunomodulation differs by duration (acute versus chronic) of stress, changes in 
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leukocyte distribution, the dose, the nature (endogenous versus synthetic) of 

glucocorticoid hormone exposure and the timing of stress or stress related hormone 

exposure.85 This consideration falls in line with patterns of stress-related immune 

change and disease outcomes.85,101,195  

 Studies linking stress and the immune system in humans are substantial but 

results over the years have been equivocal.  The first large-scale meta-analysis195 

regarding this topic assessed the effect sizes from 293 independent studies, reported 

in 319 separate articles in peer-reviewed journals. The total sample involved 18,941 

individuals with a mean age of 34.8 years (SD = 15.9), ranging from (5-78) years of 

age, where most studies focused on young adults. In the average study almost half 

(42.8%) of the participants were female, and 84.8% focused on healthy adults. 

Acute laboratory stressors made of 29% of the studies while the chronic stressors 

section of this study made up about a fifth of studies utilized (k = 23; 7.8%).195 The 

study revealed an increase related to natural immunity, specifically in the increase 

of the number of natural killer cells in circulation (r =.43, 95%CI .33-.51) although 

the test for heterogeneity were significant (p=.001), furthermore no other cells 

displayed strong significant differences from baseline.195 For immune responses to 

chronic stress in healthy participants, none of the effect sizes for cell counts 

displayed a significant relationship.195 However, all functional measures of the 

immune response displayed statistically significant negative effects on the immune 

system, (antibody to influenza after vaccination r=−.22, 95%CI −.33- −.11, natural 

killer cell cytotoxicity r= −.12, 95%CI −.20- −.01, cytokine production (IL2) 

r=−.21, 95%CI −.31-−.11), and the test for heterogeneity was non-significant (p-



 
 

48 

values > .05).195 

 An update to this meta-analysis was conducted a few years later by Steptoe et 

al213 on acute psychological stress in humans.  The overall effect for IL-6 

(r = 0.19, 95%CI .08-.30) and tests for heterogeneity were non-significant 

(p = 0.21).213 For IL-1β (r = 0.58, 95%CI .30-.77) and tests for heterogeneity were 

not significant (p = 0.45), with less robust effects for C-reactive protein 

(r = 0.12, 95%CI -.18-.26) (p = 0.91).213 The effects for TNF-α were not significant 

(r = 0.05, 95%CI -.10-.20).213 

More recent human studies indicated that cell-mediated immune markers, 

including production and increase of activated T cells and NK cells were increased 

in maltreated children compared to healthy control children.214 Another study 

revealed, higher childhood trauma questionnaire scores were positively associated 

with overall change in IL-6 response, as well as the maximum IL-6 concentration 

during the Trier Social Stress Test.215 

A retrospective cohort study216 (N=15,357) using longitudinal data from the 

Adverse Childhood Experiences Study (from 1995-1997 with follow up through 

2005) developed an index that measured cumulative childhood traumatic stress 

(childhood physical, emotional, or sexual abuse; witnessing domestic violence; 

growing up with household substance abuse, mental illness, parental divorce, and/or 

an incarcerated household member). 216The outcome was hospitalization for any of 

21 selected autoimmune diseases (AD) and 4 immunopathology groupings: T- 

helper 1 (Th1) (e.g., idiopathic myocarditis); T-helper 2 (Th2) (e.g., myasthenia 

gravis); Th2 rheumatic (e.g., rheumatoid arthritis); and mixed Th1/Th2 (e.g., 
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autoimmune hemolytic anemia). The fully adjusted sex-specific relationship 

between ACEs and the likelihood of hospitalization with any AD reported a 

statistically significant positive association (HR 2.1, 95%CI 1.4–3.2) for those with 

2 or ≥3 ACEs compared with those with no ACE for women alone.216 A test for 

linear trend revealed for every increase in the ACE Score, the probability of a first 

hospitalization with any AD increased 20% (p < .001) for women, 10% for men (p 

< . 05),and the probability of a hospitalization with AD increased 20% for those 

aged 19 to 64 years (p < .05).216 

Another longitudinal study by Takkouche et al217, included an analytical 

sample of 1,149 participants aged 23-68 and 46% female. Participants completed a 

questionnaire assessing stressful life events, perceived stress, and negative and 

positive affect at baseline, they then periodically (every 10th week) self-reported 

common cold incidence.217 After 1 year of follow up, and adjustment for gender, 

age and professional category, the common cold was associated with the 3rd (2.0 

IRR, 95% CI 1.3-3.3) and 4th (2.8 IRR, 95% CI 1.7-4.6) quartile of increasing 

perceived stress.217 The common cold was associated with the 2nd (1.7 IRR, 95% CI 

1.0-2.8), 3rd (1.9 IRR, 95% CI 1.1-3.1) and 4th (2.0 IRR, 95% CI 1.2-3.3) quartile of 

increasing stressful events.217 That being said some limitations that weakened the 

conclusions included high attrition and lack of adjustment covariates.   

In general, regarding evidence the literature supports a positive association 

between psychological stress and immune related disorder, however there are some 

studies that have been null. Furthermore, the precision for some estimates have 

been poor.85 Prospective studies aid in the issue of recall bias associated with cross-



 
 

50 

sectional studies however assessment of outcomes may vary from study to study 

where self-report of a disorder is utilized and not adjudicated by a clinician.85 

Another issue is related to asymptomatic participants; for example, many may have 

an infection, however they may not overtly manifest well known symptoms of the 

disease, aiding in non-differential misclassification.  On the same note, this may not 

be a huge limitation, where indolent disease may not aid in decreased quality of 

life.85  

The Biological relationship between the stress response and the cardiovascular 

system 

The cardiovascular system is made up of the heart and the channels of the 

vascular system that directs blood from the heart to all organs and tissues (via 

arteries and capillaries) as well as returns blood from these organs and tissues back 

to the heart (via veins).218 The autonomic nervous system plays a key role in 

regulating cardiac function.85 For example, AV node “ring” is regulated by nerve 

endings of the sympathetic and parasympathetic nervous system.85,219 In particular, 

cholinergic nerve endings of the parasympathetic vagus nerve slow the ring rate of 

the SA node and, therefore heart rate, whereas sympathetic nerve endings secreting 

norepinephrine has an opposing effect.85,219 Furthermore, catecholamines and 

cortisol secreted into circulation by the adrenal glands influence both the rate and 

force of cardiac contraction. 85,219  

When stimulated by the sympathetic nervous system, cardiac contractility, a 

component of myocardial performance, results in an increase in heart rate, change 
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in the speed of ventricular contractions, change in the force of these contractions, in 

contrast, parasympathetic stimulation can immediately slow the heart rate down. 219 

While the vascular system mainly directs blood to organs, it also functions 

as a pressure system that can smooth out the pulsating blood flow due to alternating 

contractions of the heart.219 The arteries have elastic properties that may adjust to 

the high pressure associated with ventricular contraction, or the systolic blood 

pressure.85,219 Meanwhile it also maintains a baseline or minimal pressure during 

relaxation, or the diastolic blood pressure reading. Loss of elasticity is a type of 

dysregulation observed along the pathophysiology of hypertension.85 

The autonomic nervous system, as well as other processes, regulates 

vascular tone via both the endothelial cells and the layer of smooth muscle cells that 

surrounds the lumen.219,220 The smaller arteries and arterioles are more muscular 

rather than elastic like the major arteries and this allows them to constrict or dilate, 

subsequently controlling blood flow to their respective capillary beds.219,220 This 

involuntarily function is both locally and systemically controlled by metabolic 

needs related to overall levels or different types of activities.219,220  

Regulation of circulation is executed via feedback loops that detect changes 

in circulatory function by monitoring chemical changes using chemoreceptors, and 

physical or pressure changes using baroreceptors, which include central nervous 

system feedback loops and circuits. Baroreceptor activation suppresses sympathetic 

activity and excitation of parasympathetic activity, together balancing blood 

pressure. 219,221 



 
 

52 

Another component of vascular control is the renin–angiotensin–aldosterone 

system (RAAS), which regulates fluid volume and vascular resistance throughout 

the body. Sympathetic stimulation results in renin-secreting cells via 

β1adrenoreceptors releases renin from the kidney that then leads to the formation of 

the hormone angiotensin II, which is a potent vasoconstrictor and participates in the 

increase in total peripheral resistance even in mild shock states.222Angiotensin II is 

the main product of the RAAS, and the primary hormonal factor controlling the 

production and secretion of aldosterone in the adrenal cortex and vasopressin by the 

pituitary; however, both hormones act on the kidneys to increase sodium and fluid 

retention.85,222,223 

The aforementioned factors of the biological stress response that reasonably 

contribute to the pathophysiology of CHD when dysfunctional include raised blood 

pressure, insulin resistance, increased hemostasis, and endothelial dysfunction.224,225  

Studies linking stress and cardiovascular disease. 

The literature assessing the relationship between acute, chronic, and life 

event stress with cardiovascular events is saturated with strong consistent evidence 

for positive associations between these two concepts.85,226 Epidemiological studies 

link chronic stress with increased risk of myocardial ischemia or infarction and 

cardiac wall abnormalities. High plasma norepinephrine levels are associated with 

increased risk of heart failure.227–229 Takotsubo cardiomyopathy, described as a 

stress-related myocardial disorder, is characterized by the sudden weakening of the 

myocardium in response to acute stress.230 Sympathetic nervous system 

hyperactivity alters cardiac wall contractility and increases apoptotic pathways in 
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cardiomyocytes, contributing to CVD development.104,231,232 Stress also increases 

plaque rupture, leading to atherosclerosis 91 , likely via adrenergic signaling in 

platelets and well as inflammation. Furthermore every day or chronic stressors are 

also associated with poor health behaviors related to smoking, eating habits, 

indirectly leading to adverse cardiovascular outcomes.224,233  

The INTERHEART study was a global case control study that examined 

several myocardial infarction risk factors; one study  examined the association 

between chronic stress and risk of myocardial infarction in a sample of n=24,767 

from 52 countries.234 The study assessed stress with four questions about feeling 

irritable, anxiety, or as having sleeping difficulties as a result of conditions at work 

and at home, finances, or major life events in the past year. Additional questions 

assessed locus of control and symptoms of depression. The analysis was adjusted 

for age, gender, geographic region, smoking, diabetes mellitus, hypertension, 

ApoB:ApoA1 ratio, and obesity.234 The study reported that those who indicated 

several events or permanent stress at work had an estimated 1.38 OR (95%CI 1.19–

1.61) and 2.14 OR (95% CI 1.73–2.64) increased odds of myocardial infarction 

(MI) risk respectively and 9% population attributable risk (PAR).234 Several events 

or permanent stress at home revealed 1.52 OR (95%CI 1.34-1.72) and 2.12 OR 

(95%CI 1.68-2.65) respectively and 8% PAR.234 Unfortunately this retrospective 

analysis may be influenced by recall bias.  

The Whitehall II study prospectively assessed the association between the 

effort-reward imbalance model and the job strain model with the risk of coronary 

heart disease in 10,308 people mean aged 35-55 from Great Britain over a mean of 
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5.3 years of follow up.235 After adjustment for age, sex, study phase, employment 

grade level, negative affectivity, and coronary risk factors the study found that 

imbalance between both personal efforts (competitiveness, work-related over-

commitment, and hostility) and rewards (poor promotion prospects and a blocked 

career) was associated with a 2.78 OR (95%CI 1.4-5.37) 3.55 OR (95% CI 1.42-

8.90) and 3.14 OR (95%CI 1.72-5.71) fold higher risk of angina, ischemia or any 

coronary heart disease respectively.235 Job strain and high job demands were not 

related significant; yet, low job control was associated with new disease.235 The 

odds ratios for self-report low job control was 2.09 95%CI 1.29-3.37 and 2.04 

95%CI 1.32-3.16 for angina and any coronary heart disease respectively.235 The 

odds ratios for externally assessed low job control was 1.47 95%CI 1.77-2.02 and 

1.57 95%CI 1.17-2.08 for angina and any coronary heart disease respectively.235 

A study by Arnold et al,236 assessed the association of chronic stress with 

adverse outcomes post-acute myocardial infarction (AMI). In a cohort of 4,204 

AMI patients from 24 U.S. hospitals completed the globally known Perceived 

Stress Scale during hospitalization.236 After adjustment for socio-demographic and 

clinical factors (including depressive symptoms), revascularization status, and 

GRACE (Global Registry of Acute Coronary Events) discharge risk scores, AMI 

patients with moderate/high stress had increased 2-year mortality compared with 

those having low levels of stress (1.42 HR, 95% CI 1.15 - 1.76).236 

A recent longitudinal study utilized PET/CT to image the amygdala region 

of the brain to assess if its resting metabolic activity predicted risk of cardiovascular 

events.91 The analytical sample was comprised of adults between the ages of 45-65 
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years of age, who underwent imaging during previous treatment.91 Amygdala 

activity, bone-marrow activity, and arterial inflammation were assessed with 

validated methods.91 After 3.7 years of follow up, amygdala metabolic activity was 

correlated with increased bone-marrow activity (r=0·47; p<0·0001), arterial 

inflammation (r=0·49; p<0·0001), and risk of cardiovascular disease events (HR 

1.59 95% CI 1.27–1.98), after adjustment for age, smoking, hypertension, diabetes, 

dyslipidemia, and family history.91 A secondary aim of this study cross-sectionally 

assess the relationship between perceived stress, amygdala activity, arterial 

inflammation, and C-reactive protein in a subset (n=13), and perceived stress was 

associated with amygdala activity (r=0·56; p=0·0485), arterial inflammation 

(r=0·59; p=0·0345), and C-reactive protein (r=0·83; p=0·0210).91 That being said 

the sample size of this study therefore effect sizes should be interpreted with 

caution, and the participants are hospital based, contributing to selection bias.   

Although the relationship between the topics of stress and cardiovascular 

outcomes provides strong consistent evidence, more studies regarding alternative 

pathways continue to accumulate in both experimental mechanistic studies and 

clinical studies in humans.  However, other contributing factors to this relationship 

such as lifestyle are difficult to disentangle from this association while 

simultaneously aiding in disease.233 

The biological relationship: stress hormones and metabolism  

The hormones involved in chronic stress play an important role in more than 

one component of the metabolic process, including lipid and glucose mobilization 

and metabolism, directly and indirectly. Prolonged and excessive exposure of 
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corticosterone in the drinking water of mice subsequently leads to hyperglycemia, 

insulin resistance and dyslipidemia.237,238 Feeding with a high-fat diet might 

exacerbate the effects of chronic administration of glucocorticoids, which is 

interesting considering that changes in eating behavior are a potential response to 

chronic stress in humans.238 Conversely, removal of the adrenal gland in rodents 

sensitizes the brain to insulin, suggesting that the absence of circulating 

glucocorticoids improves insulin sensitivity.239 

Animals that are adrenalectomized can function and live so long as food is 

provided, however once starvation commences, they are not able to move amino 

acids from muscle or serum protein, signifying that cortisol is important in this 

process.239,240 A critical function of glucocorticoids are to release energy (i.e., 

glucose, fatty acids), so that it is available for mitochondrial oxidation in fight-or-

flight conditions.239,241,242 Therefore, glucocorticoids promote protein breakdown in 

the muscle, adipose tissue lipolysis, hepatic gluconeogenesis, and reduce glucose 

utilization.242,243 All of these actions increase plasma glucose concentrations, and 

free fatty acid release from fat cells especially so in an insulin resistant state.242,243 

However, chronic or excessive glucocorticoids may lead to dyslipidemia 

(potentially age dependent in humans244), hyperglycemia and a diabetic-like state 

due to the increase in plasma glucose, and promotion of insulin 

resistance.239,242,243,245,246 Glucocorticoids also decrease uptake of glucose in distant 

or limb tissues to provide more glucose for glycogen formation in the liver.239,242 

Large doses of glucocorticoids lead to redistribution of fat to the upper trunk, waist 
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and face.93,242,245 It is theorized, that the mechanism is related to the differential 

density of glucocorticoid receptors in different organs or types of fat.247      

The target organs involved in triglyceride metabolism (i.e., liver, adipose 

tissue) are heavily innervated by the sympathetic nervous system and are therefore 

at least partially neuronally controlled (by the hypothalamus). SNS hormones, 

epinephrine and norepinephrine are able to activate lipolysis,85,248,249 stimulating 

free fatty acid secretion into circulation from fat depots. The catecholamines also 

cause IL-6 to be secreted from adipose tissue, 85,250 and promote a decrease in 

insulin sensitivity.85,251,252 

Studies linking stress to metabolic disorders 

The research regarding excessive or chronic stress and its influence on 

metabolic processes is relatively new and scarce with a large focus on job stress, 

depression and early life adversity.85,253 Chronic stress is hypothesized to influence 

eating behavior, encouraging obesity and also promote obesity independent of 

eating behavior (potentially epigenetically), but above and beyond these traditional 

risk factors studies show that it may be an important risk factor for a several 

metabolic disorders.85 Psychosocial stressors are able to activate and mobilize 

biological responses implicated in type 2 diabetes mellitus, involving the release of 

glucose and lipids into circulation, inflammatory cytokine expression and increased 

blood pressure.253 Repeated or incessant exposure to these conditions within the 

body leads to chronic allostatic load, with a dysfunctional glucose metabolism and 

neuroendocrine feedback system as well as chronic low-grade inflammation.85,253 A 

few observational studies are described below. 
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In the Whitehall II study, authors assessed the association between work 

stress and accumulation of components of the metabolic syndrome over 14 years. 

The study reports increased job stress was associated with greater risk of the 

metabolic syndrome 2.39 OR (95%CI 1.36-4.21) including obese individuals, and 

2.29 OR (95%CI 1.27-4.12) excluding obese individuals.254 

A study conducted in the Multi-Ethnic Study of Atherosclerosis, tested the 

contribution of psychosocial variables and their biological correlates to risk for 

metabolic syndrome among Latinos.  In models fully adjusted for demographic and 

lifestyle and inflammatory variables, chronic stress had a 1.11 OR (95%CI 1.01-

1.93), indicating that for each unit increase in chronic stress the risk of being 

diagnosed with metabolic syndrome increased by 11%.  Once stratified by Latino 

group, the association for Mexican Americans 1.21 OR (95%CI 1.04-1.42), and 

Puerto Ricans 1.33 OR (95%CI 1.00-1.75) were significant.255 

A prospective study by Hackett et al256, utilized the Whitehall cohort to 

assess diurnal cortisol secretion at baseline and risk for T2D and impaired glucose 

metabolism over approximately 10 years of follow-up, in a sample of N= 3,270 

men and women. Raised evening cortisol at baseline was predictive of incident T2D 

by the end of the study phase (OR, 1.18; 95% CI, 1.01-1.37) after adjustment for 

age, sex, smoking, grade of employment, BMI greater than 23, cardiovascular 

medication, history of CHD. 256 

A population-based study in Sweden explored incident cases of diagnosed 

diabetes over 35 years of follow-up in relation to self-perceived stress at baseline. 
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The study consisted of 7251 men from the Primary Prevention Trial Study, aged 47-

56 years and absence of diabetes, coronary heart disease and stroke at baseline. 

They found a positive association between stress and diabetes, after adjusting for 

age, socio-economic status, physical inactivity, BMI, systolic blood pressure and 

use of anti-hypertensive medication (1.45 HR, 95% CI 1.20-1.75). 257 

Many of the observational studies support a positive association between 

type-2 diabetes and stress, but the magnitudes of the associations are not large, and 

many studies have reported null results (likely due to low sample sizes).224,256  

A population-based study by Pyykkönen et al258, utilized a random sample 

of 3,407 women and men aged 18–78 years from Western Finland.  They explored 

associations between stressful life events, their accumulation, and metabolic 

syndrome as well as the individual components related to metabolic syndrome. 258 

Models were fully adjusted for sex, age, alcohol consumption, current smoking 

status, regular exercise, level of education, and family history of diabetes. 

The odds for having metabolic syndrome according to the ATP III criteria 

were significantly higher among participants who had experienced at least 2 

stressful events in finance (ongoing financial strain, severe financial strain, threat of 

unemployment, or personal bankruptcy) 2.91 OR, (95%CI 1.75–4.89), or at least 3 

stressful events 4.08 OR, (95% CI 1.66-10.66), and 2 events in family health 

(concern over own or child's ability to cope with stress) 1.65 OR, (95%CI 1.10-

2.50).258 Once stratified, different components of the metabolic syndrome were 

strongly correlated with some domains of stress, and weakly or not statistically 

associated at all for others.258 
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Overall the evidence from animal studies, experimental stress trials, and 

epidemiological studies shows that disturbances throughout several biological 

systems representing chronic allostatic load might be associated with chronic 

metabolic disorders over time.253 Of course causal conclusions cannot be drawn 

from observational or murine studies, but the above accumulating evidence has 

linked various psychological stress factors with new onset T2DM after adjustment 

for lifestyle risk factors such as diet quality and obesity. Studies amongst those with 

comorbid psychological disorders and T2DM provides a clue of the potential long 

term severity of this relationship with increases the risk of early onset and 

progression of micro-vascular and macro-vascular complications and increased 

mortality.259–261  

Review of tumor mechanisms and tumor environment (The Hallmarks of Cancer) 

A natural component of development is the body’s ability to balance 

growth; maintaining cell (rest and replication) division throughout life. 262Although 

biologically and statistically speaking, cancer should be rare and random, the 

incidence of cancer is not sporadic and rare in the human population and this is due 

to the pattern  of prevalence exposure to exogenous influences in the general 

population; this increases the probability of cancer risk throughout the lifespan.262 

Indeed, cancers are extremely diverse, this is some of the reason why it is incredibly 

complex to cure or understand mechanisms it uses to metastasize.262 In terms of 

probability, successful cancers have a low chance of survival.  In general, several 

perfectly timed genetically dysfunctional events provide the microenvironment that 

is permissive to tumor growth and mobility.  .262 Many cancers have self -sufficient 
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growth signaling, where either a mutation codes for a receptor that is always 

activated, not needing proteins (growth factors) to bind to subsequently activate it, 

or there are so many receptors present on the cell surface making the cancer hyper-

sensitive to growth factor or the cancer may create its own growth factor.262 

Cancers are insensitive or evade anti-growth signals that are typically used during 

the cell cycle when a damaged DNS is detected in a cell; some of these tissues have 

a loss of function in their tumor suppressor proteins and some cancers gain function 

in their proto-oncogenes which could block the function of the tumor suppressor 

protein.262  Another extremely efficient cell program is the ability of a cell to 

activate apoptosis when it detects that its DNA is damaged.262 P53 is a vital protein, 

and its role entails detecting DNA damage or chromosome aberrations and halting 

the cell cycle to repair.262 If repair is not possible then apoptosis is induced. 262 In 

most cancer cells, this protein has a mutated or missing gene, or it may be able to 

activate another protein that may inhibit its function, allowing the cancer to escape 

apoptosis. Many cancer cells are able to surpass the typical Hayflick limit by 

increasing the production of telomerase to lengthen the chromosomes ends or 

telomeres; this extends replicative capabilities and accumulating damaging 

mutations.262 As a tumor begins to grow, surrounding cells become hypoxic or 

starved of oxygen.262  This activates other transcription factors (HIF), which 

subsequently initiates the production of VEGF (an angiogenic growth factor), 

amongst other proteins.262 The formation of new blood vessels, or angiogenesis, 

from endothelial cells begins to provide access to oxygen and nutrients; forcing 

normal local cells into participating in tumor development at a critical stage.262  A 
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large component of tumor survival and subsequently death due to cancer,262,263 is a 

tumors ability to release itself from the extracellular matrix, by expressing proteins 

that degrade the ECM, and molecules that don’t allow binding to other cells, and 

promotes smooth migration to distant locations through blood vessels and the 

lymph system.263 

In general as cancer cells evolve, there is selection for mutations over time, 

and accelerated accumulation of mutations by continued compromising of the 

aforementioned pathways of the genome, leading to tumor progression; this is 

sustained genome instability and mutations.262 Also tumors promote chronic low 

grade inflammation by surrounding themselves with growth factors of the immune 

system through activation of NFκB in cancer cells and tumor associated 

macrophages, which amongst other roles, they may produce immunosuppressive 

molecules, allowing tumors to evade the immune system.262 In terms of 

metabolism, cancer cells choose an inefficient pathway to acquire (much less) ATP, 

under anaerobic conditions; they do this because this pathway is quicker, and it also 

produces other molecules that are needed besides ATP for cell growth.262 This 

includes up-regulation of glucose transporters, that increase glucose uptake and use 

in the cytoplasm through GLUT1 and HIF, as well as producing nucleosides and 

amino acids, which then produce macromolecules and organelles required for 

assembling new cells.262  Cancer is a multistep process requiring many resources to 

thrive and grow over time. The aforementioned streamlined processes are common 

traits that help to distinguish successful cancer cells from normal cells, along with 
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chronic inflammation and a selective ancestry for mutations providing a foundation 

of genomic instability are strongly permissive environments in this process.  

Researchers are only recently recognizing the large role of the Warburg 

affect in carcinogenesis. A review published by Cell, entitled “The Emerging 

Hallmarks of Cancer Metabolism”139 organizes and develops the known cancer-

associated metabolic changes into six hallmarks or traits.  The first being 

dysregulated uptake of glucose and amino acids, then utilization of resourceful 

ways to acquire nutrients.139 Next, tumor cells use new ways to acquire nutrients in 

harsh environments, which are mutations that have the ability to access inaccessible 

nutrient sources, increasing the quantity of nutrients.139 Next cells may change the 

way nutrients are used by increasing carbon consumption and using glycolysis/TCA 

cycle factors for diverse biosynthesis and NADPH production to fuel ATP 

production.139 At the same time, growth signaling increases the cellular demand for 

reduced nitrogen.139 Then, abnormally activated growth signals may trigger the 

reprogramming of cancer cell metabolisms by directly transmitting the information 

regarding the cellular metabolic state to regulatory enzymes, some of which 

mediate epigenetic marks in metabolite-driven gene regulation.139 Lastly, cancer 

cells control metabolic interactions within the microenvironment; this is done by 

signaling both a heterogenic pool of healthy, benign cells, along with immune 

system factors, to undertake necessary phenotypic changes for survival..139   

The hypothesis is that this may be indirectly how stress may contribute to 

cancer outcomes.  The relationship between stress and cancer has long been 

suspected, however the evidence regarding the complex relationship in 
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experimental and clinical studies have been weak and inconsistent. In general, the 

research base suggests that this mechanism is largely due to the immunosuppressive 

capabilities of the stress hormones. Only over the last decade have researchers 

changed their methodological approach 85 to show promising evidence regarding 

pathways by which the biological stress response could aid in the upkeep of a 

conducive environment. 

Animal studies: Studies linking the biological stress response to carcinogenesis and 

progression.    

Experimental pathway studies done with animal models have found that 

different forms of stress may influence the initiation, growth, and metastasis of 

some tumors. Murine models have shown that stress may exacerbate the 

progression of many cancers. These studies provide proof of principle for cancer 

cell proliferation, varied pathways for resistance to apoptosis, metastasis, 

angiogenesis, and cellular immune responses.264 Further to this many of these 

studies have reversed tumor growth utilizing pharmacological drugs that are 

adrenergic antagonists, or β-blockers.  Interestingly enough, these drugs are used to 

treat disorders, such as hypertension and arrhythmia and other ailments. RCTs and 

epidemiological studies have shown strong evidence for both progression-free and 

long-term survival for cancer patients utilizing β-blockers; however even more 

recent studies report that relapses are eminent264 . 

A study assessed the role of neuroendocrine activation by way of cage 

restraint, and breast cancer metastasis from the mammary gland to distant target 

tissues.  Chronic stress had a little effect on growth of the primary tumor but 
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induced a 38-fold increase in metastasis to distant tissues including the lymph nodes 

and lung compared to controls (p=.04).265 They also assessed the role of β2AR in 

stress-enhanced tumor progression, by treating stressed and control mice with the 

beta-adrenergic antagonist propranolol prior to tumor cell injection.265 Propranolol 

treatment had no significant effect on metastatic burden in non-stressed control 

mice (p = .08), but completely blocked stress-enhanced metastasis in animals 

subject to chronic restraint stress (p < .0001); it also had no effect on primary tumor 

growth in the mammary fat pad for either stressed (p = .73) or non-stressed control 

animals (p = .89). 265They also assessed if stress impacts macrophage infiltration 

into the mammary tumor; the effects increased mammary tumor infiltration of 

CD11b+F4/80+ macrophages by 53% (control vs. stress: 7.23 ± 0.49 % of live cells 

vs. 11.04 ± 1.22 %, p = .013).265 Norepinephrine also increased expression of 

VEGF (3.2-fold, p = .003) and to determine if increased VEGF expression was 

adequate to regulate angiogenesis in vivo, they tracked primary tumor blood vessel 

density and found a 2.8-fold increase in stressed animals (p < .001).265 Lastly 

treatment of stressed animals with the β-antagonist propranolol reversed the stress-

induced macrophage infiltration and inhibited tumor spread to distant tissues. 265 

Similar findings were found in a similar study examining β-AR density, signaling 

capacity, and functional responses to β-AR stimulation in four human breast 

adenocarcinoma cell lines.266   

Another in vivo study examined stress and prostate cancer. In normal mice, 

the PI3K inhibitor is supposed to induce apoptosis in C42 prostate cancer 
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xenografts, however stress exposed mice or injection with adrenaline prevented 

induced apoptosis and sustained tumor growth.267  

A recent study examined the impact of chronic stress on tumor development 

in a murine model of pancreatic cancer.  Physiological stress response was 

demonstrated in stressed mice by the presence of elevated plasma levels of 

corticosterone (276.4 ± 20.6 ng/ml vs. 190.3 ± 18.1 ng/ml in control mice, 

p = 0.0138, n = 6), significantly elevated tyrosine hydroxylase (key enzyme in the 

production of catecholamines) (stressed mice 22.6% ± 0.7% vs. control mice 

10.7% ± 2.1%, p = 0.0052, n = 6), and increased size of adrenal glands in stressed 

mice (seen via MRI 1.93 ± 0.04 mm vs. size of adrenals 1.48 ± 0.09 mm, p = 0.02, 

n = 5).268 TGF-beta (growth factor signaling) in vitro was increased by 23.4% using 

catecholamines (p < 0.012) and in vivo employing chronic stress (p < 0.001).268 

After 5 weeks MRIs showed that the volumes of the tumors were (799 ± 143 mm3 

vs. 348 ± 76.3 mm3, p = 0.0061) larger and median survival was reduced (52 days 

vs. 66 days in controls (p = 0.0058) n=18).268 Tumors expressed more VEGF 

(p = 0.0334), had greater micro vessel densities (p = 0.047).268 Furthermore, 

catecholamines increased proliferation in tumor cells by 18% (p < 0.0001) and 

migration by 78% (p = 0.0348) whereas the beta-blocker propranolol reduced these 

effects by 25% (p < 0.0001) and 53% (p = 0.045), respectively.268 After being 

stressed the animals with tumors were treated with propranolol, and tumor volumes 

were reduced by 69% (p = 0.0088) and survival improved by 14% (p < 0.0058).268 
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Lastly, a study examined how catecholamines induced inflammation in 

ovarian tumors and promoted tumor metastasis.  In human ovarian cancer samples 

from patients with known levels of depression as well as tumor NE levels, the 

researchers conducted a metabolite analysis.  Metabolites that play a role in 

inflammation and tumor biology, Prostaglandin E2 (PGE2) and 6-keto 

prostaglandin F1 α (PGF2α), were elevated in tumors from those with high 

depression scores compared with those with low scores (PGE2: 2.38-fold 

increase, P<0.05; PGF2α: 2.03-fold increase, P<0.05).269 The study showed that 

norepinephrine could activate beta2 adrenergic receptors and transcriptionally 

activate PTGS2 and PTGES via Nf-kB to produce PGE2.269  The survival plots for 

patients with ovarian cancer, displayed combined expression of high PTGS2 and 

PTGES, displayed statistically significant decreased survival for overall (p=.005) 

and progression-free survival (p<.001). 269  

A clinical study utilized tissue microarrays from 481 patients with ovarian 

cancer and 4 without to investigate the association of tumor glucocorticoid receptor 

expression and patient outcome in ovarian cancer. 270 The study found that 

glucocorticoid receptor proteins were highly expressed in (39.0%) of tumors from 

patients who underwent surgery and adjuvant chemotherapy.270 High glucocorticoid 

receptor expression was more common in serous tumors (p < 0.001), high-grade 

tumors (p < 0.001), and advanced stage tumors (p = 0.037).270 Median progression 

free survival was significantly decreased in cases with high GR (20.4 months) 

compared to those with low GR (36.0 months, HR = 1.66, 95% CI 1.29–2.14, 

p < 0.001).270 GR remained an independent prognostic factor for progression free 
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survival analysis that adjusted for age, histological cell type, grade, stage 

(early versus advanced), and the presence of gross residual disease after surgery.270 

However overall survival was not associated with GR status.270  

In terms of initiation, the amount of studies are scarce.  Thus far there are 2 

hypotheses 200, regarding mechanisms related to DNA damage and inhibited p53.  

Several molecular pathways have been implicated in β-adrenergic inhibition of 

DNA damage repair; the first includes catecholamines activating both Gs–PKA and 

β-arrestin-mediated signaling pathways.271 Gs–PKA-dependent signaling leads to 

the generation of reactive oxygen species and β-arrestin-1 facilitates AKT-mediated 

activation of MDM2 and also promotes MDM2 binding and degradation of p53, by 

acting as a molecular scaffold.271 β-arrestin-1-dependent p53 degradation, results in 

impaired DNA checkpoint and repair mechanisms triggering DNA damage and then 

suppression of p53 levels respectively, together leading to accumulation of DNA 

damage.271  

Another study assessed the mechanism by which chronic stress influences 

tumorigenesis in vivo.  Typically, ionizing radiation induces carcinogenesis in 

mammals and P53 plays a direct role in preventing the replication of cells that are 

damaged by ionizing radiation.272 In this study, male mice were subjected to 

periodic long-term physical restraint, inducing high corticosterone levels (p<0.0001 

for relative corticosterone serum difference).272 Unrestrained mice were treated with 

4 Gy of ionizing radiation as controls (promoting tumor formation). Chronic 

restraint alone had no significant effect on the survival of p53+/− mice (P = 0.92), 

however it significantly reduced tumor latency in mice with IR (49wks vs. 38wks of 
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median survival age, p = 0.004).272 Next researchers assessed if chronic restraint 

decreased p53 levels by measuring the mRNA levels of a group of well-known p53 

target genes, shortly after IR exposure.272 These genes were significantly lower in 

mice with chronic restraint versus mice without restraint by up to 50% (p=.041, 

p=.0042, p=.023 for p21, NOXA and Puma respectively).272 Furthermore, in 

response to IR, p53+/+ mice with no restraint had significantly more apoptosis 

occur, vs p53+/+ mice with restraint (p=.017) (as a control, (<5%) of radiated cells 

died of apoptosis in p53 knockout mice). 272Lastly the authors examine if the 

attenuation of p53 contributes to the promotion of chronic restraint on 

tumorigenesis. Using colorectal cancer cell lines with and without p53 (p53+/+ and 

p53-/-) mice were exposed to periodic restraint.  Of course the growth rate of 

tumors in p53 knockout mice was faster than p53+/+ mice without restraint.272 

However in p53+/+ mice, tumor growth was significantly promoted amongst those 

with restraint vs non-restraint (p<.01) and the average tumor size was increased by 

3.77mm3 in mice with chronic restraint vs mice without restraint.272 

Lastly, dysregulation of the Hippo pathway (onco-suppressor signaling 

that plays a role in cell growth, tissue homoeostasis and organ size) leads to 

abnormal activation of the transcription co-activator YAP which is known to 

promote tumorigenesis in several tissues.273 A new study found that 

glucocorticoids are hormonal activators of YAP and activation the of 

glucocorticoid receptor leads to increase of YAP levels, transcriptional 

activity and expansion of chemo-resistant cancer stem cells in vitro and in vivo. 

273 However glucocorticoids other than cortisol were used for this analysis.  
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Overall, in vivo and in-vitro stress response studies provide strong evidence 

regarding the relationship between catecholamines and glucocorticoids and 

progression of malignant tissue however extrapolation to humans is extremely 

limited. 

Human studies linking the biological stress response and carcinogenesis and 

progression.    

A meta-analysis conducted in 2008 assessed 165 longitudinal studies 

regarding the relationship between self-reported stress and cancer incidence, 330 

studies examined survival, and 53 examined mortality.274 The analysis chose studies 

with HR and RR and mostly adjustment for age, sex, smoking, alcohol 

consumption, body mass index, physical activity level, and socioeconomic status, 

and in the case of cancer populations, stage and treatment. The study reported an 

overall combined psychosocial stress HR of 1.06 (95% CI 1.02– 1.11, P = 0.005) 

for cancer incidence studies, however publication bias assessed by Egger’s method 

was significant (P <0.10), and the test for heterogeneity was also significant 

(p<.001).274   Sub-analyses displayed that studies limited to a sample size ≥100,000 

had a 1.21 HR (95%CI 1.09–1.34), emotional distress or poor quality of life, had a 

1.13 HR (95%CI 1.05–1.22) and life-stress exposure was not significant 1.03 HR 

(95% CI 0.97–1.11). 274 When assessing risk for any cancer the analysis displayed a 

1.20 HR (95%CI 1.09–1.32) however by breast cancer or colorectal cancer, the 

association was null, 0.99 HR (95%CI 0.92–1.06) and 1.00 HR (95%CI 0.89–1.11) 

respectively.274 Lung cancer carried a 1.23 HR (95%CI 1.06–1.37), prostate had a 

1.00 HR (95%CI 0.89–1.11), and thyroid carried a 0.66 HR (95%CI 0.55–0.81) 
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with no evidence for publication bias, or heterogeneity (p=.73).274 Fully controlled 

covariates revealed a 1.07 HR (1.00–1.14), and no heterogeneity (p=.29).274 

For the relationship between stress-related psychosocial factors and cancer 

survival, the study reported an overall combined psychosocial stress HR of 1.03 

(1.02–1.04), p<. 001, however publication bias assessed by Egger’s method was 

significant (P <0.10), and the test for heterogeneity was also significant (p<.001).274 

Sub-analyses displayed that studies that were fully controlled, had a 1.90 HR (95% 

CI 1.28–2.83), Life-stress exposure had a 1.15 HR (95%CI 1.06–1.24). 274 When 

assessing risk for any cancer the analysis displayed a 1.01 HR (95%CI 1.00–

1.02).274 Studies that assessed breast (1.13 HR, 95%CI 1.05–1.21), lung (1.17 HR, 

95%CI 1.03–1.34), hepatobiliary (1.88 HR, 95%CI 1.07–3.30), and head and neck 

(1.58 HR, 95% CI 1.22–2.03) carried an increased hazard.274 Colorectal cancer was 

null, 1.04 HR, 95%CI 0.84–1.30).274 

For cancer mortality, interestingly, cancer mortality assessing any cancer 

type carried a 1.29 HR (95%CI 1.11–1.52), but by breast, colon, and lung, the 

hazards were null (small sample of studies for each).274 In general the rest of the 

cancer mortality sub analyses displayed strong positive statistically significant 

associations with the strongest being 10+ years of follow-up 2.33 HR (p5%CI 1.63–

3.33), and poor coping style 2.25 HR (95% CI 1.54–3.30) and the exception of 

fully-adjusted analyses carrying a null 1.15 HR (95%CI 0.95–1.40).274 Overall 

effect sizes from over 600 studies suggest that stress-related psychosocial factors 

adversely influences cancer incidence, prognosis, and mortality, however there are 

substantial differences by stress type, and cancer type.274 Also, all of these studies 
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utilized self-reported stress exposure which is subject to recall bias, and 

quantification of this variable it is hard to interpret due to its subjective nature. 

Furthermore there was presence of significant publication bias, which is likely to 

create a differential positive result bias therefore results should be interpreted with 

caution.274  

  The relationship between striking life events and primary breast cancer 

incidence in women was analyzed in another study. The analysis included seven 

studies of n= 99,807 women. The pooled OR for striking life events and breast 

cancer was 1.51 (95% CI 1.15 - 1.97, P = 0.003), severe striking life events and 

breast cancer the OR was 2.07 (95% CI 1.06 - 4.03), indicating that women with 

severe striking life events were at 2-fold greater risk of developing breast cancer.275 

Very recently, researchers pooled data from 16 different cohorts, and 

assessed psychological distress and site-specific cancer mortality.  There were a 

total of N=163, 363 men and women aged 16 or older at study induction, who were 

initially free of a cancer diagnosis, that provided self-reported psychological 

distress scores (based on the general health questionnaire, GHQ-12) and consented 

to health record linkage.276  After 9.5 years and adjustment for age, sex, education, 

socioeconomic status, body mass index (BMI), and smoking and alcohol intake, 

relative to people in the least distressed group, death rates in the most distressed 

group were consistently raised for cancer of all sites combined (HR 1.32, 95% CI 

1.18 to 1.48) and cancers not related to smoking (HR, 1.45, 95% CI 1.23 to 1.71), 

as well as carcinoma of the colorectal (HR 1.84, 95% CI 1.21 to 2.78), prostate (HR 

2.42, 95% CI 1.29 to 4.54), pancreas (HR 2.76, 95% CI 1.47 to 5.19), esophagus 
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(HR 2.59, 95% CI 1.34 to 5.00), and for leukemia (3.86, 1.42 to 10.5).276 Other 

studies have shown similar results.277,278  

Overall, although animal models have shown strong evidence for direct 

pathways by which different components of the stress response may contribute to 

cancer progression, there are few well-done epidemiological studies that show 

increases in risk for cancer deaths or initiation. Many studies have null results, and 

some have modest increases.85 Stress increases the secretion of cortisol, which may 

be directly and indirectly associated with an increase in weight gain, however many 

studies adjusted for BMI, no studies stratified this analysis by low and high weight, 

along with alcoholic drinkers and non-drinkers, or smokers or non-smokers.   

Cancer progression and general excess death in different populations 

continues to increase. Potential reasons for the increase include an increasing 

number of different combinations of exposures, vulnerabilities, and underlying 

biology. However understanding and conceptualizing mechanisms of disease should 

be a dynamic process and there is still a need to better understand this throughout 

the life course; this is especially pertinent in the context of chronic disease and their 

relationship with nutritional, lifestyle and psychosocial factors, as well as genetic 

and epigenetic determinants of disease. Furthermore studies regarding whether such 

factors act cumulatively, interactively or individually, in predisposition and 

progression of cancer outcomes or overall excess disease are still developing. 85 
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Psychosocial stressors, allostatic load and health 

Multi-systemic biological risk is a clinically meaningful and practical 

surrogate of health risk used to express shared physiologic variance in multiple 

biological systems, based on the hypothesis that recurrent exposure to external 

stressors leads to progressive dysregulation.111 As previously reviewed, the stress 

response has been linked to poorer cancer-related outcomes, in particular, abnormal 

cortisol rhythms or levels and elevated catecholamine’s, (markers for prolonged 

stress response), have been linked to an increase risk of progression, recurrence and 

mortality in some human and murine models. However, studies that use biomarkers 

to interrogate the biology of cancer in different populations are sparse, albeit a 

practical way to assess key risk factors in different populations and the influence of 

physiologic stress and health outcomes. The allostatic load theory and similar 

proxies like multi-systemic biological risk capture the complex biological cascade 

that occurs in cardiovascular, metabolic, and immune domains in response to 

chronic environmental and psychosocial stress.110,111 Previous research has 

demonstrated positive associations between higher indices of multi-systemic 

biological risk and declining cognition, physical function,63,279 sleep apnea and 

insomnia,280 telomere length,281 and all-cause mortality.119,279,282 

Other studies have explored other endpoints in relation to allostatic load.  

One assessed N=4,515 blacks and whites aged 35 to 64 years from the III National 

Health and Nutrition Examination Survey (1988–1994), and linked mortality 

data.283 The researchers estimated sex-specific black-white disparities in 

cardiovascular/diabetes-related mortality and non-injury mortality, sequentially 
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adjusting for age, clinical conditions, socioeconomic status (SES), health behaviors, 

and then allostatic load.283 For cardiovascular/diabetes-related mortality among 

women, the HR disparity amongst blacks versus whites after adjustment for other 

risk factors was 1.63 HR (95% CI, 0.96–2.75) and it decreased after adjustment for 

allostatic load to 1.15 HR; (95% CI, 0.70–1.88).283 For non-injury mortality among 

women, the magnitude of the disparity after adjustment for other risk factors (HR, 

1.43; 95% CI, 1.00–2.04) also decreased after adjustment for allostatic load (HR, 

1.26; 95% CI, 0.90–1.78).283 For men, disparities were attenuated but persisted after 

adjustment for allostatic load.283  

Another study also used NHANES to explore all-cause and cause-specific 

mortality disparities by race, age (20–49 vs. 50+), and sex and poverty status.284 For 

the young men above-poverty stratum, the socio-demographic-adjusted HR  

was 2.59, p < 0.001 was partially attenuated after adjustment for SES and other 

factors (full model HR = 2.08, p = 0.003).284 Income, education, diet quality, 

allostatic load and self-rated health, were the main covariates that explained the 

non-Latino black (NLB) vs. non-Latino white (NLW) mortality difference and the 

Latino paradox was observed consistently among women above poverty.284 NLBs 

had higher CVD-related mortality risk compared to NLW, which was explained by 

SES and lifestyle factors; however those factors did not explain excess risk among 

NLB for cancer-related death (fully adjusted HR = 1.41, 95 % CI: 1.02–

2.75, p = 0.044).284 Interestingly, those same factors explained the lower risk of 

cancer-related death among Mexican Americans (MA) compared to NLW, and 

CVD-related mortality risk became lower among MA compared to NLW upon 
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multivariate adjustment.284  

Relationships between discrimination and health 

As already reviewed, the potential physiological stress response may 

influence a wide array of biological systems; furthermore, whether or not people 

experiences a physical response will depend on, perception, past social and learning 

experiences, current resources and support.  The pathways by which different 

people are subsequently influenced are extremely complex. Structural, institutional 

and individually perceived, experienced and documented forms of discrimination 

based on race, gender, or social class are well known aspects of our historical and 

current society.  Attempting to be completely inclusive in citing the ways in which 

discrimination influences an individual and subsequently subgroups is simply 

impossible due to human complexity and conversely our crude methodologies. 

Racism, sexism, and social class issues are not the same for every sub group within 

these domains, and even more eminent, they are not the same at the intersections of 

these domains. No epidemiological study has been able to capture every niche and 

subsequent consequence or inequity of discrimination, although some researchers 

have greatly expanded the field.  This dissertation attempts to address 

discrimination as related to the specific aims that addresses this topic.  

There are very few studies that have assessed the health of those who 

experience gender-based discrimination even though the minority stress model 

suggests that sexual and gender minorities experience chronic stress as a result of 

their stigmatization.285–288 A previous study assessed simultaneous race and gender 
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based discrimination, behavioral data to examine the independent and effect 

modification  effects of both forms of discrimination in a sample of male and 

female Marine recruits (N = 1,516).289 Both race and gender based discrimination 

had a strong and consistent negative impact on mental health symptoms (e.g., 

depression, anxiety), independent of gender and race. 289 Although women reporting 

high levels of gender based discrimination reported the highest levels of anxiety 

versus all other groups, men’s anxiety levels changed more drastically as a function 

of level of gender based discrimination when compared to women.289 Most 

interesting to note is that the interaction between race, gender, and levels 

of discrimination was only found with the objective physical fitness test scores but 

not with self-report measures.289  

Another study explored the association between sexism and self-reported 

health, among women in Spain, a country with a strong patriarchal tradition.290 

They found that perceived sexism showed positive and consistent associations with 

four poor health outcomes (poor self-perceived health, poor mental health, injuries 

in the last 12 months, and smoking).290 The strength of these associations increased 

with increasing scores for perceived sexism, and social class modified the 

patterns.290 

A recent JAMA study executed an exploratory cross-sectional analysis using 

data from the Behavioral Risk Factors Surveillance System.  The researchers 

examined 3 self-reported health outcomes including overall health status, limitation 

in any way in any activities because of physical, mental, or emotional problems, 

and serious difficulty concentrating, remembering, or making decisions because of 
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a physical, mental, or emotional condition.291 Compared with cisgender adults, 

gender minority adults were younger, lower income, unemployed, uninsured; 

overweight had higher prevalence of unmet medical care due to cost, and reported 

depression.291 In addition, gender minority adults were more likely less likely to be 

non-Hispanic white, married or living with a partner, have a minor child in the 

household, or be English speaking.291 Adjusted for socioeconomic status, healthcare 

access, health conditions, and health behaviors the analysis estimated that gender 

minority adults were more likely to report poor or fair health (OR 1.30, 95% CI 

1.09-1.56); difficulty concentrating, remembering, or making decisions (OR 1.56, 

95% CI 1.27-1.93); and being limited in any way (OR 1.22, 95% CI 1.04-1.44).291 

Previous studies discuss the mental health impact of gender discrimination, where 

discrimination predicts psychological distress, anxiety, reproductive disorders, 

depression and maladaptive coping behaviors such as hard drug use.292–297 

Health, and life expectancy in the US by socioeconomic correlates (an 

aggregate concept that includes both resource-based and “prestige”-based measures 

i.e., income and education) have only widened over the last 40 years despite the 

universal and strong evidence regarding socioeconomic status and health16,298,299 

 SES has been shown to predict disparities in health amongst both white and 

non-white populations; this also often accounts for some of the racial differences in 

health.46 Previous studies have found significant inverse associations for the 

relationship between socioeconomic position across the lifespan and increased 

inflammatory markers,47 chronic disease 300,allostatic load301–303 and decreased life 

expectancy10,299,304,305 
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A large recent study in JAMA estimated the income level, time, and geographic 

variability in the relationship between income and life expectancy using income 

data in US from 1.4 billion tax records between 1999 and 2014. Using race- and 

ethnicity-adjusted life expectancy at 40 years of age, they first found that, higher 

income was associated with greater longevity through the entire income 

distribution, and the gap in life expectancy between the richest 1% and poorest 1% 

of individuals was 14.6 years (95% CI, 14.4 -14.8 years) for men and 10.1 years 

(95% CI, 9.9-10.3 years) for women. Next, they reported that inequality in life 

expectancy increased over time; specifically, from 2001 to 2014 life expectancy 

increased by 2.34 years for men and 2.91 years for women in the top 5% of the 

income distribution, and by 0.32 years for men and 0.04 years for women in the 

bottom 5% (P < .001 for the differences for both sexes). Life expectancy for low-

income individuals was positively correlated with the local area fraction of 

immigrants (r = 0.72, P < .001), fraction of college graduates (r = 0.42, P < .001), 

and government expenditures (r = 0.57, P < .001).10 

Another cross-sectional analysis was conducted using data on adults 40 to 79 

years without cardiovascular disease at baseline within the National Health and 

Nutrition Examination Survey. The authors assess trends in 10-year groups of 

prevalence of cardiovascular disease and cardiovascular risk factors among US 

adults in different socioeconomic strata.  Among adults with incomes at or below 

the federal poverty level, there was evidence of a stable trend in the percentage of 

adults with predicted absolute cardiovascular risk of 20% or more(14.9% [95% CI, 

12.9%-16.8%] in 1999-2004; 16.5% [95% CI, 13.7%-19.2%] in 2011-2014; P = .41; 
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mean systolic blood pressure, 127.6 [95% CI, 126.1-129.0] mm Hg in 1999-2004; 

126.8 [95% CI, 125.2-128.5] mm Hg in 2011-2014; P = .44; and smoking, 36.5% 

[95% CI, 32.1%-41.0%] in 1999-2004; 36.0% [95% CI, 31.1%-40.8%] in 2011-

2014; P = .87) across survey years. However amongst adults in the high-income 

stratum, these variables decreased across survey years with ≥20% cardiovascular 

risk (12.0% [95% CI, 10.7%-13.3%] in 1999-2004; 9.5% [95% CI, 8.2%-10.7%] in 

2011-2014; P = .003; systolic blood pressure, 126.0 [95% CI, 125.0-126.9] mm Hg 

in 1999-2004; 122.3 [95% CI, 121.3-123.3] mm Hg in 2011-2014; P < .001; and 

smoking, 14.1% [95% CI, 12.0%-16.2%] in 1999-2004; 8.8% [95% CI, 6.6%-

11.0%] in 2011-2014; P = .001). There were no trend differences seen for diabetes.   

A German study examined the influence of perceived income injustice on 

stress-associated diseases (diabetes, asthma, cardiopathy, stroke, hypertension and 

depression), taking into consideration duration. Data from N= 5,657 workers using 

survey responses from 2005-2013 and physician diagnosed new cases of disease 

starting from 2009-2013.306 Fully adjusted models, stratified by gender and length 

of employment, estimated that income injustice over 5 years, predicted increased 

stress-related diseases for women (OR 1.64; 95% CI 1.17-2.30), and women 

working full-time (OR 2.43; 95% CI 1.54-3.84).306 Men working full-time 

perceiving their income as unjust also showed an increased risk for stress diseases 

(OR 1.43; CI 1.03-1.98). 306 

The social science and medical literature, has theorized racism as a 

psychological stressor.55 Up to date, there is consistent evidence for mental health 

as the strongest and most prevalent outcome of different types of 
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discrimination.25,307 A meta-analysis was published in 2015 regarding the 

relationship between reported racism and mental and physical health outcomes. 

They used data from 293 studies that were mostly (89.8%) cross-sectional in nature, 

published between 1983 and 2013, and mostly (81.4%) in the U.S.308 They used 

random effects models and mean weighted effect sizes and found that racism was 

associated with poorer mental health (negative mental health r = -.23, 95% CI [-

.24,-.21], k = 227 including depression, anxiety, distress, psychological stress, 

negative affect, and post-traumatic stress; a decrease in positive mental health: r = -

.13, 95% CI [-.16,-.10], k = 113 including self-esteem, life satisfaction, control and 

mastery, and wellbeing).308 Racism was also associated with poorer general health 

(r = -.13 (95% CI [-.18,-.09], k = 30), and poorer physical health (r = -.09, 95% CI 

[-.12,-.06], k = 50). Age, sex, birthplace and education level did not moderate the 

effects of racism on health, however ethnicity significantly moderated the effect of 

racism on negative mental health and physical health where they found that the 

association between racism and negative mental health was significantly stronger 

for Asian American and Latino(a) American participants versus African American 

participants, and the association between racism and physical health was 

significantly stronger for Latino(a) American participants compared with African 

American participants.308 Some of these findings regarding mental health were 

replicated and positive associations were estimated for some Asian American 

groups309 and ethnic minorities in the UK.310 

In terms of stress biological pathways, discrimination is accepted as a 

chronic stressor and experiences can be chronic or daily such as not being treated 
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with general respect at work or at school, receiving poor service, or being watched 

and followed at stores.46,26 A severe life experience could include one of violence, 

and harassment; the literature so far explains that it is more likely that accumulation 

of everyday or chronic exposure would contribute to biomarkers of disease, related 

to allostatic load, cortisol dysregulation, cardiovascular health and overall mortality. 

Chronic stressors, unlike everyday demands that we acutely overcome, can usually 

pervade a person’s life; this forces a person to restructure their identity or social 

roles. Another feature of chronic stressors is their stability—the person either does 

not know whether or when the challenge will end or can be certain that it will never 

end. Examples of chronic stressors include suffering a traumatic injury that leads to 

physical disability, providing care for a spouse with severe dementia, or being a 

refugee forced out of one’s native country by war 

A recent and novel study, explored the ways in which externally sensitive 

biological systems coordinate in response to acute stress.  Researchers used a 

social-evaluative stress task to investigate coordination among the autonomic 

nervous system, hypothalamic-pituitary-adrenal axis, and immune/ inflammatory 

system in a community sample of 85 healthy African American men and women in 

Detroit, MI.311 Each participant provided 6 saliva samples in total ( 2 of each at 

baseline, event, and recovery phases of the stressor task, were assayed for cortisol, 

dehydroepiandrosterone-sulfate, salivary alpha-amylase, and salivary C-reactive 

protein.311 Individual differences in perceived discrimination and racial identity 

were also measured and they utilized factor analysis to show that these biomarkers 

were initially dissociated before stressor exposure and then became aligned during 
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event and recovery phases into a biological stress responses (factor loadings ≥ 

.58).311 Interestingly, the study captured responses related to interactions of 

perceived discrimination and racial identity; amongst those who strongly identified 

with their racial ethnic culture, highly perceived discrimination was associated with 

low hypothalamic-pituitary-adrenal axis activity at baseline (B's = .68–.72, p < 

.001), low stress mobilization during the task (B's = .46–.62, p < .049), and a robust 

inflammatory response (salivary C-reactive protein) during recovery (B's = .72–.94, 

p < .002).311 Further differences on stress responses were reported by racial identity.  

When assessing oxidative stress, and racial discrimination, fully adjusted 

models estimated positive significant associations with RBC oxidative stress 

(Beta = 0.55, P < 0.05) after adjustment for age, smoking, C-reactive protein level, 

and obesity.312 When stratified by race, this association was only significant for 

black Americans (Beta = 0.36, P < 0.05) and not whites.312 

Furthermore, a longitudinal study assessed self-reported racial 

discrimination amongst 160 African Americans aged 17-19 years predicted 

heightened cytokine levels at the age of 22 and if this association differed by 

positive racial identities.313 After controlling for socioeconomic risk, life stress, 

depressive symptoms, and body mass index, racial discrimination (beta= .307; p < 

.01), racial identity (beta=.179; p < .05), and their interaction (beta= .180; p < .05) 

predicted cytokine levels (low vs high).313 Those exposed to high levels of racial 

discrimination demonstrated elevated cytokine levels 3 years later and this 

association was not significant for young adults with positive racial identities.313 
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Another study assessed discrimination and allostatic load in 331 adolescents 

between the ages of 16 -18 years, along with exploration of covariates that may 

attenuate the association.314 At age 18 emotional support was assessed, and 

allostatic load was assessed at age 20. Latent Growth Mixture Modeling identified 

two perceived discrimination classes: high and stable and low and increasing. 

Adolescents in the high and stable discrimination group displayed heightened AL 

even after adjustment for gender, depression, stress, SES and unhealthy behaviors at 

age 20 (b = 1.088, 95% CI (0.18, 2.00), p < .05) and the racial discrimination to 

allostatic load link was not significant for young adults who received high 

emotional support. 314  

A recent study examined the associations of major experiences of 

discrimination (unfair treatment in 6 situations) and everyday discrimination 

(frequency of day-to-day experiences of unfair treatment) with incident diabetes 

among N= 5,310 participants from the Multi-Ethnic Study of Atherosclerosis over 

9.4 years.315 Models were adjusted for demographic factors, depressive symptoms, 

stress, smoking, alcohol, physical activity, diet, waist circumference, and body mass 

index.315 They found that major experiences of discrimination were associated with 

greater risk of incident diabetes when modeled continuously (for each additional 

experience of discrimination, hazard ratio = 1.09, 95% confidence interval: 1.01, 

1.17) or categorically (for ≥2 experiences vs. 0, hazard ratio = 1.34, 95% 

confidence interval: 1.08, 1.66).315 Similar patterns were observed when evaluating 

discrimination attributed to race/ethnicity but only amongst some associations for 

Chinese, Latino and non-Latino whites. 315Everyday discrimination was not 
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associated with incident diabetes.315 

The Black Women’s Health Study assessed perceived racism in N=59,000 

African-American women, over 16 years. Cox models estimated HRs for categories 

of everyday racism and lifetime racism (reporting ever treated unfairly due to race 

with respect to police, housing or work) and incident type 2 diabetes adjusting for 

age, cycle, marital status, socioeconomic status, education, family history of 

diabetes, physical activity, alcohol use and smoking status, with and without 

inclusion of terms for dietary patterns and adult BMI to assess moderation.316 The 

results showed that compared with women in the lowest quartile of exposure, 

women in the highest quartile of exposure to everyday racism had a 31% increased 

risk of diabetes 1.31 HR, (95% CI 1.20-1.42) and women with the highest exposure 

to lifetime racism had a 16% increased risk 1.16 HR, 95% CI 1.05-1.27).316 

Mediation analysis estimated that diet did not attenuate this association; however 

BMI accounted for half of the association between either the everyday or lifetime 

racism measure and incident diabetes.316 Similar results have been found in 

different ethnic populations for metabolic syndrome (South-Asian Surinamese, 

African Surinamese, and Moroccan participants (1.13 OR, 95% CI 0.99–1.30], 1.15 

[1.00–1.32], and 1.19 [1.03–1.38], respectively after adjusting for potential 

confounders and mediators) and not in others (Ghanaian and Turkish 

participants).317 

Persons reporting lifetime discrimination in ≥2 domains (versus none) had 

increased CVD risk, after adjustment for race/ethnicity and socio-demographic 

factors, behaviors, and traditional CVD risk factors (hazard ratio (HR) = 1.36, 95% 
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confidence interval (CI): 1.09, 1.70) and after control for chronic stress and 

depressive symptoms (HR = 1.28, 95% CI: 1.01, 1.60).318 Reported discrimination 

in 1 domain was unrelated to CVD (HR = 1.05, 95% CI: 0.86, 1.30) and there were 

no differences by race/ethnicity, age, or sex.318 In contrast, everyday discrimination 

interacted with sex (P = 0.03), and stratified models showed increased risk only 

among men (for each 1–standard deviation increase in score, adjusted HR = 1.14, 

95% CI: 1.03, 1.27); controlling for chronic stress and depressive symptoms 

slightly reduced this association (HR = 1.11, 95% CI: 0.99, 1.25).318 This study 

suggests that perceived discrimination is adversely related to CVD risk in middle-

aged and older adults. 

Although many of these studies show promising findings, discrimination 

predicting health outcomes have been mixed;53,319–321 this is expected given the 

stress research explains that stress may lead to resistance,322 or overcoming of 

challenge based on perception and resources, and subsequently improved health 

outcomes.   

As separate isolated topics, the literature regarding perceived stress, 

physiologic measures of stress, discrimination, and subsequent disparities of health 

outcomes has demonstrated that lifetime stresses related to both racial/ethnic 

identity and poverty could potentially be associated with tumor biology and an 

attenuation of life span if time permits. The relationship of allostatic load or 

dysregulation of multiple organ systems as well as cancer outcomes as a 

consequence of cumulative lifetime stresses for minority, or populations living in 

poverty should be further explored. 
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Specific Aims 

Discrimination is a public health issue.41,323 Many groups in the United 

States have historically endured discrimination through pathways that deny basic 

human rights324. Race or skin color, sex, gender roles, disabilities, immigration 

status, and economic social class are the most common avenues for discrimination 

and lead to inequity in: employment, income and wealth, housing, education, 

criminal justice and health outcomes324.  According to the most recent and 

recognized stress survey conducted in the US, 70% of people, report having 

experienced discrimination, with 61% reporting experiencing day-to-day 

discrimination, such as being treated with less courtesy or respect, and being 

threatened or harassed.41 A body of evidence documents that long term stressful 

conditions take a toll on one’s health, providing the basis for a model that ties 

external stressors with bio-physiological responses, which in turn influence 

incidence and prognosis of disease.27 The concept of allostasis, maintaining stability 

through change, describes how we change in response to the environment or acute 

stress, producing hormones that aid in preserving homeostasis and promoting 

survival. However continuously responding to acute stress takes a toll on the body.  

Nonetheless, despite this theoretical model and documented evidence linking stress 

and disease outcomes, there are a few gaps in the literature.  For one, although 

research demonstrates discrimination has important biological consequences, most 

studies are cross-sectional in nature, and research regarding different types of 

discrimination has not been addressed. Also, while a few studies have linked a 

multi-systemic biological risk index with diabetes and cardiovascular disease, no 



 
 

88 

research has examined an objective biological measure of stress with cancer 

outcomes. Next, previous research shows a positive association between MSBR and 

mortality, however there are no studies that have accounted for major sources of 

chronic stress, which could potentially confound the association.  

The goal of this research is to examine if discrimination is associated with 

the physiological stress response utilizing the concept of allostatic load.  

Furthermore, this project will assess if allostatic load is associated with cancer and 

all- cause mortality. The research informing these hypotheses suggests that through 

neuroendocrine signaling, the stress of psychosocial factors may impact 

physiological health; experimental research suggests that they may further influence 

tumor biology through the same pathway.104,274,325 Therefore it is hypothesized that 

an increase in discrimination predicts an increase in biological risk (allostatic load). 

Moreover, we expect that dysregulated clinical markers representing multi-systemic 

biologic risk (allostatic load) can increase the risk for cancer onset and mortality 

overtime.  

Therefore, the following aims will be tested: 

Aim 1 is to test if an index of multi-systemic biological risk (AL) is 

associated with cancer mortality. The hypothesis is that a higher allostatic load 

score will positively associate with increased risk of cancer mortality. 

 Aim 2 is to test if an index of multi-systemic biological risk (AL) is 

associated with all-cause mortality. The hypothesis is that a higher allostatic load 

score will positively associate with increased risk of all-cause mortality. 



 
 

89 

Aim 3 is to test if exposure to overall discrimination, as measured by a 

comprehensive discrimination index is associated with multi-systemic biological 

risk (AL). The hypothesis is that a high/increase in the comprehensive 

discrimination score cross-sectionally and over time (i.e. greater discriminatory 

experiences) predicts a high/increased allostatic load index score over 18 years.  

This dissertation will make important contributions to the literature as it will 

assess if changes in discrimination is associated with higher levels of allostatic load 

over time in a potentially critical period for chronic disease development during 

young to early-middle age adulthood.  Furthermore, it will be the first study to 

examine if allostatic load is associated with cancer outcomes.  This research will 

have a high impact in the field since it utilizes populations that are approximately 

half black and white, thus informing the topic of black/white health disparities.  

Study 1: Multi-Systemic Biological Risk and Cancer Mortality in a US Population 

 Introduction 

Multi-systemic biological risk (MSBR) is a proxy for allostatic load, a 

metric of health risk that captures the complex biological cascade that occurs in 

cardiovascular, metabolic, and immune domains in response to chronic 

environmental and psychosocial stress.111,326–328  The validity of this construct has 

been established by demonstrating common variance and statistical coherence 

between, prominent primary mediators of the stress response (e.g. stress related 

hormones), and secondary mediators reflecting the resulting biological alterations 

that accumulate over time.111,112,126,329–331 Importantly, summary allostatic load 
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indices have demonstrated stronger prediction, or magnitude of association, with 

outcomes than with individual components that inform the calculation of the 

index.330,332 

 Previous research has demonstrated, inverse associations between allostatic 

load (representing greater MSBR) and cognitive function, as well as physical 

function.  Also studies have shown positive associations between higher levels of 

allostatic load indices and cardiovascular disease, and mortality risk.63,106,119 

However, we are not aware of any studies that have examined an index of allostatic 

load with cancer outcomes. This is underscored by cancer being the second leading 

cause of death in the U.S. and globally, with shifting underlying contributors to this 

burden.9,150,333 Thus, a prospective analysis examining the association of an index of 

MSBR with cancer mortality would address a major gap in the literature, giving 

credence to in vivo and in vitro studies of stress and cancer outcomes.  Furthermore, 

it may also have clinical utility for cancer prediction, as the index relies upon 

commonly measured biomarkers to address this gap.  In this study, we examined the 

association between an index of MSBR and cancer mortality utilizing the NHANES 

III study, a representative sample of the U.S. from 1988 to 1994. We hypothesized 

that a higher score on the index was positively associated with cancer mortality.  

Methods 

Study Population 

The NHANES III is a complex, multistage clustered probability sample 

conducted by the National Center for Health Statistics (NCHS); it represents the US 

non-institutionalized population from 1988 to 1994.  Detailed descriptions of all 
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NHANES III data collection, and analytical guidelines are available elsewhere.334 

In brief, demographic characteristics, medical, family history, dietary and lifestyle 

factors, including smoking history, alcohol consumption, and physical activity, was 

collected at study entry from participants through a structured household interview.  

Physical examinations (including anthropometric measurements), and blood 

samples were collected within mobile examination centers.334   

Analytical population 

The initial sample size of NHANES III included 33,994 participants.  

Participants were excluded for reporting an age of 20 years or less (n=15,169), 

pregnancy (n=231), a history of cancer (n=777) at baseline, and only completed a 

modified home examination (n=396). Furthermore, participants who died from 

cancer at baseline (n=5), were missing follow-up time (n=1722), fasting time 

(n=10), or at least one of the biomarkers included in the AL index (n=2,010) were 

also excluded, leaving a final study sample of (n=13,674) participants. All 

participants within NHANES III provided written informed consent, and the 

NHANES study was approved by National Center for Health Statistics (NCHS) 

Institutional Review Board.  

Exposure assessment  

The MSBR index is based on an aggregate score of seven biomarkers used 

to represent the overall extent of physiological dysregulation across multiple 

systems, or allostatic load.  Our operationalization of allostatic load was similar to 

other studies that have used NHANES to investigate multi-systemic biological 

risk.120,335,336 The domains and biomarkers for the index include: cardiovascular 
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(pulse rate, blood pressure), metabolic (Homeostasis model assessment (HOMAIR), 

triglycerides, and waist circumference), and immune (white blood cell count, C-

reactive protein) domains.  

Participants were asked to fast at least 6 hours for venous blood sample 

collections depending on time of lab appointment. Therefore the amount of hours 

fasted was ascertained from each participant prior to lab draws and included as a 

covariate in all models.337 Detailed specimen collection, processing instructions, 

and laboratory procedures are discussed in the Manual for Medical Technicians 

(U.S. DHHS, 1996) and the NHANES III Laboratory Procedures reference 

manual.337 Homeostasis model assessment (HOMAIR) was used to estimate insulin 

resistance according to the formula: fasting serum insulin level (μU/mL) × fasting 

plasma glucose level (mmol/L)/22.5, where the higher the HOMAIR value the more 

insulin resistant the individual338 

Covariates 

Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, 

and Mexican American. Participants who did not identify as belonging to 1 of these 

categories (“other”) were not analyzed separately but were included in the overall 

estimates. Other covariates included age, sex, current tobacco use ( cotinine level 

>10ng/mL339or self-report current smoker), years of education (less than 12 years/ 

greater than 12 years), health insurance (yes/no), and average alcoholic drinks per 

week. Body mass index (BMI) was calculated by the formula weight (kg)/height 

(m)2, and further categorized as underweight for a BMI under 18.5, normal or 

healthy weight as 18.5 – 24.9, overweight as 25.0 – 29.9, and obese as 30.0 and 
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above.340 Geographic urbanization classification was based on USDA Rural/Urban 

continuum codes, where urban includes central or fringe counties in metro areas 

that have a population of 1 million or more.341 Within NHANES III, duration of 

physical activity was not ascertained however participants were asked how many 

times in the previous month did they engage in several types of activities.  Each 

participants physical activity was assigned an intensity value by NHANES  

(metabolic equivalent tasks [METs]) which represents the ratio of the energy 

expenditure of the activity to the basal metabolic rate.342 We therefore measured 

physical activity by: (Number of times engaged in specific physical activity in 

previous month x MET assignment)/ 4 weeks). Then participants were classified as 

physically active for greater than 15 METS per week, moderately active for 9-15 

METS per week, and  little to no physical activity for less than 9 METS per 

week.342,343 Diet as a confounder was estimated by calculating the Healthy Eating 

Index from the NHANES III dietary intake data. This provides a measure of overall 

quality of an individual's diet; by alignment with Dietary Guidelines 

recommendations.344 A score represents the sum total of ten diet components (grain, 

fruit, vegetables, dairy and meat food groups; intake of dietary fats, saturated fats, 

cholesterol, and sodium; and a variety score) and individuals who consumed the 

recommended number of servings received a maximum score of 10; a zero was 

assigned to any food group where no items from that category were consumed 

(range: 0-100).344 Medication for type 2 diabetes, high blood pressure, and high 

cholesterol were also assessed.  

Case ascertainment 
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Mortality status for the NHANES III survey participants was ascertained 

primarily through probabilistic record matching with the National Death Index 

(NDI). The NDI is a NCHS database of all U.S. deaths since in 1979.345 The 

updated 2011 linked mortality files are superior to previous linkages of NCHS 

surveys linked to the NDI due to the use of additional sources (i.e. Social Security) 

of demographic mortality information to determine vital status.345 Person-months of 

passive follow-up were calculated from the examination date through the date of 

cancer death or end of study period on 31 December 2011.  Underlying causes of 

death were identified through the International Classification of Diseases, Ninth 

Revision and Tenth Revision (ICD-9 codes until 1998 and ICD-10 codes for deaths 

after 1998). Final cause of deaths that happened before 1999 were re‐coded into 

comparable ICD‐10‐based underlying cause of death groups. The primary outcome 

of this study was all cancer‐specific death (ICD‐10: C00‐C97).345 Only aggregate 

information on leading causes of death is available in the public 2011 mortality 

follow-up, therefore cancer specific analyses are not possible. 345  

Statistical Analysis 

NHANES III utilizes a complex survey design.   To take this into account, 

we utilized the appropriate variables for the design effects of stratification and 

clustering. Furthermore, estimates were weighted to adjust for the differential 

probabilities of sampling and non-response, to represent the total civilian, non-

institutionalized US population. Stata utilizes Taylor Series Linearization for 

calculating standard errors and 95%CI for means and percentages. Study 

characteristics were described by the MSBR index, using means and standard errors 
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for continuous variables and percentages for categorical variables.  Cox 

proportional hazard regressions were used to estimate hazard ratios (HR) and 95% 

confidence intervals (CI) for associations between the multi-systemic biological risk 

index and overall cancer mortality. The proportional hazards assumption was 

assessed by creating interaction terms between biological risk index, all covariates 

and follow-up time and no evidence of a violation was detected.  

Participants were assigned a score for each biomarker informed by either 

clinical cut points or based upon evidence in the literature indicating a threshold of 

risk for disease (Table 1). Each blood marker within each domain was assigned a 

value of either a 0 (no risk indicated or decreased risk), 1(moderate), or 2 (high).  

The value for each marker was then aggregated to a final index for each participant. 

For this index, a higher score represents a higher presence of dysregulation (range 

0-14). 

Table1. Score assignment for each biological measurement  

Measurement  Score = 0 Score=1    Score = 2 References 

Pulse Rate 

(Beats/Min) 

<=60 60-99 >= 100 346,347 

Blood Pressure 

(mm/Hg) 

<120/80 120-139/80-89 >=140/90mm/

Hg or 

hypertension 

medication 

347–349 

Homa-IR <2.6 >=2.6-4.65 >4.65 or 

diabetes 

diagnosis 

350–352 

Triglycerides <150 mg/dL  150 to 199 

mg/dL 

> 200 mg/dL 353 

Waist 

Circumference 

< 94 cm (M), 

or    < 80 cm 

(W),  

94 - 102 cm 

(M) or 80-88 

cm (W) 

>102 cm (M) 

or >88 cm (W) 

354 

White Blood Cell 

Count 

1500-4500 

cells/mcL 

4500-11,000 

cell/mcL 

>11,001 

cells/mcL or 
<1500 

355–357 
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C-Reactive Protein <=.21mg/dL >.21-1mg/dL >1 mg/dL 358 

 

We built four models to provide statistical inference. Model 1 included 

demographic variables (age, sex, race and ethnicity.  Model 2 included variables 

from model 1 plus socio-economic variables (education, health insurance, 

geographic urbanization). Model 3 includes variables from model 2 plus lifestyle 

variables (physical activity, current tobacco use, the healthy eating index, alcoholic 

drinks per week and medication use). Finally, model 4 adjusted for all variables 

previously mentioned and BMI categories. All models adjusted for fasting status. 

We tested for effect measure modification by age, sex, race, and BMI.  Stratified 

results were presented if there was evidence of effect modification. We assessed 

tests for trend by including the index modeled as a continuous variable in the Cox 

models.  

About 87% of the observations had complete data for all the variables 

relevant to this study. We utilized multiple imputation using chained equations, 

which uses a sequence of univariate imputation methods with fully conditional 

specification (FCS) of prediction equations to generate 20 imputed datasets for the 

estimation of 7 covariates (healthy eating index (missing=3%), education 

(missing=.5%), health insurance (missing=5%), alcoholic drinks per week 

(missing=20%), physical activity (missing=21%), and BMI (missing=.05%)) using 

all other relevant complete variables within the analysis.359–361  We conducted a 

sensitivity analysis utilizing complete cases only and the results did not differ in any 

material way from the imputed analysis. Therefore, the entire analysis was carried 

out with imputed estimates.   
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We utilized both statistical software, SAS 9.4 and STATA 10, for survey 

specific commands that allow for inclusion of the appropriate weight, strata, and 

primary sampling unit variables as recommended in the NHANES III Analytical 

Guidelines.  

Results 

The total person-years of follow-up among the 13,674 study participants 

were 232,826.6 (mean follow-up duration of 17.9 years) and 6.2% (n=852) of the 

study population died due to malignant neoplasms during this time period. The 

mean age at baseline was 44.4 (SE .49) years.  Table 2. displays participant 

characteristics across quartiles of the MSBR index. Compared to quartile 1, 

participants from quartile 2-4 were older, slightly more female, less educated, less 

likely to have health insurance, less physically active, and had higher average 

BMIs.  

Table 2. Baseline Characteristics of Participants According to Quartiles of 

Baseline Multi-Systemic Biological Risk (n = 13,674), NHANES III, 1994-1998  
Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Score Range (0-4) (5-7) (7-8) (9-14)  
(n=4,753) (n=3,842) (n=2,920) (n=2,159) 

Median Age 

(IQR 25-75)  

35 (27-47) 45 (32-65) 53 (37-68) 58 (43-69) 

 
Mean (SE) or % Mean (SE) or 

% 

Mean (SE) or 

% 

Mean (SE) 

or % 

Sex (% 

Female) 

46.6 51.5 53.5 59.5 

% Non-

Latino White 

78.0 75.5 74.4 75.5 

% Non-
Latino Black 

9.8 10.6 10.6 11.4 

% Mexican 

American 

4.3 5.1 6.2 6.2 

% Other 7.8 8.7 8.6 6.9 

% High 

school or 

48.0 60.0 67.7 74.6 
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less 

% Without 

health 

insurance  

19.1 22.2 25.2 27.0 

% Within 
urban area 

51.8 50.0 47.2 40.7 

% Physically 

active 

70.6 65.3 55.4 46.7 

% Currently 

smoking  

31.9 35.3 32.4 28.6 

Average diet 

score (HEI) 

63.7 (.36) 63.3 (.35) 63.5 (.54) 64.6 (.55) 

Average 

alcoholic 

drinks/week 

4.4 (.19) 4.0 (.27) 3.1 (.30) 2.7 (.38) 

Average 

BMI 

23.4 (.07) 26.6 (.11) 29.8 (.11) 32.6 (.24) 

% Using >=1 

medication 

3.2 12.7 24 50.8 

 

Table 3 presents HRs for cancer mortality by quartiles of the MSBR index.  

There was a graded, positive association between higher index scores and risk for 

cancer mortality after adjustment for all covariates [Model 4: HRq1=1.26, 95% CI: 

(0.93-1.70), HRq2=1.56, 95% CI: (1.13-2.17), HRq3=1.64, 95% CI: (1.06-2.52), 

p.Trend=.013]. To inform the interpretation of the main index results, we also 

assessed the association between the individual domains (inflammatory, metabolic, 

and cardiovascular) and risk for cancer mortality, shown in Table 4. In fully 

adjusted models we observed a positive association between the immune domain 

[HR per SD increase in score=1.21, 95% CI: (1.07-1.37)] and the cardiovascular 

domain [HR per SD increase in score=1.19, 95% CI: (1.00-1.41)]. However, there 

was no association found between the metabolic domain [HR per SD increase in 

score=1.00, 95% CI: (0.94-1.07)] and cancer mortality. 

Table 3. HR and 95% CI of Cancer Mortality Risk According to Quartiles of Multi-

Systemic Biological Risk (n = 13,674), NHANES III, 1994-1998  



 
 

99 

MSBR 

Index 

Groups 

Cancer 

deaths 

(n=852)/ 

Total 
Population 

(n=13,674) 

HR (95%CI)  

Model 1: 

Demographics  

HR (95%CI) 

Model 2: + 

SES  

HR (95%CI): 

Model 3: 

+Lifestyle  

HR (95%CI): 

Model 4: 

+BMI  

      

Quartile 1 183/4,753 Ref Ref Ref Ref 

Quartile 2 250/3,842 1.25  

(0.90-1.75) 

1.23  

(0.89-1.70) 

1.17  

(0.85-1.60) 

1.26  

(0.93-1.70) 

Quartile 3 245/2,920 1.54  

(1.16-2.04) 

1.46 

 (1.11-1.93) 

1.44 

 (1.08-1.92) 

1.56  

(1.13-2.17) 

Quartile 4 174/2,159 1.71  

(1.20-2.43) 

1.59  

(1.13-2.25) 

1.55  

(1.09-2.20) 

1.64  

(1.06-2.52) 

P. Trend 
 

<.0001 0.002 0.004 .013 

*Covariates: fasting status, (1) age, sex, ethnicity, (2) education, health insurance coverage, 

urbanization, (3) HEI scores, physical inactivity, smoking status, alcoholic drinks per week, 
medication, and (4) BMI categories. 

 

Table 4. HR and 95% CI of Cancer Mortality Risk According to Domain Specific Index of 

Multi-Systemic Biological Risk (Per unit) (n = 13,674), NHANES III, 1994-1998  

Domains of MSBR 

(Cancer deaths 

n=852) 

HR (95%CI) 

Model 1: 

Demographics 

HR (95%CI) 

Model 2:  + SES 

HR (95%CI): 

Model 3: 

+Lifestyle 

HR (95%CI): 

Model 4: +BMI  

Inflammation 

Index 

1.33 (1.20-1.48) 1.32 (1.18-1.46) 1.22 (1.08-1.38) 1.21 (1.07-1.37) 

Metabolic Index 1.00 (0.95-1.06) 0.99 (0.94-1.05) 1.01 (0.96-1.07) 1.00 (0.94-1.07) 

Cardiovascular 

Index 

1.23 (0.98-1.45) 1.21 (1.03-1.43) 1.19 (1.01-1.41) 1.19 (1.00-1.41) 

*Covariates: fasting status, (1) age, sex, ethnicity, (2) education, health insurance coverage, 

urbanization, (3) HEI scores, physical inactivity, smoking status, alcoholic drinks per week, 

medication, and (4) BMI categories. 

 

Analyses used to determine if there was effect measure modification by 

race, sex, and age displayed no evidence of interaction between MSBR index and 

those covariates.  However, the interaction between the MSBR index and BMI was 

significant (P=0.02).  Therefore, we fitted the models after stratifying by 

overweight status (BMI > 25). Among overweight participants (BMI>25), fully 
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adjusted models displayed strong positive associations between a higher index score 

and risk for cancer mortality [HRq2=1.54, 95% CI: (0.92-2.60), HRq3=2.36, 95% 

CI: (1.41-3.95), HRq4=2.35, 95% CI: (1.31-4.22), p.Trend=.002] compared to 

quartile 1 (Table 5).  However, no association was found amongst those with BMI 

≤25 (Table 5). 

Table 5. HR and 95% CI of Cancer Mortality Risk According to Quartiles of Multi-Systemic 

Biological Risk stratified by BMI (<=25 vs >25) NHANES III, 1994-1998 

MSBR Index 

Groups 

 
HR (95%CI) 

Model 1: 

Demographics 

HR (95%CI) Model 

2:  + SES 

HR (95%CI): 

Model 3: +Lifestyle 

BMI <= 25 (n=5,441)  

Quartile 1 144/ 3,381 Ref Ref Ref 

Quartile 2 124/ 1,452 1.41 (0.94-2.11) 1.34 (0.90-2.00) 1.23 (0.83-1.83) 

Quartile 3 43/ 448 1.12 (0.70-1.79) 1.06 (0.68-1.67) 1.01 (0.63-1.61) 

Quartile 4 16/160 2.02 (0.85-4.78) 1.73 (0.76-3.96) 1.56 (0.65-3.79) 

P. Trend 
 

0.07 0.11 0.31 

BMI > 25 (n=8,226) 

Quartile 1 39/1,371 Ref Ref Ref 

Quartile 2 126/2,388 1.68 (0.99-2.88) 1.68 (0.98-2.87) 1.54 (0.92-2.60) 

Quartile 3 202/2,469 2.63 (1.58-4.38) 2.54 (1.52-4.25) 2.36 (1.41-3.95) 

Quartile 4 158/1,998 2.73 (1.53-4.91) 2.61 (1.46-4.68) 2.35 (1.31-4.22) 

P. Trend 
 

<.0001 <.0001 0.002 

*Covariates: fasting status (1), age, sex, ethnicity, (2) education, health insurance coverage, 

urbanization, (3) HEI scores, physical inactivity, smoking status, alcoholic drinks per week, 

medication. 

 

Table 6. HR and 95% CI of Cancer Mortality According to Domains of Multi-

Systemic Biological Risk (Per unit) stratified by BMI (<=25 vs >25), 

NHANES III, 1994-1998  
HR (95%CI) 

Model 1: 

Demographics 

HR (95%CI) 

Model 2:  + SES 

HR (95%CI): 

Model 3: +Lifestyle 

BMI <= 25 (Cancer deaths n=327/Total (n=5,441) 

Inflammation Index 1.32 (1.05-1.66) 1.29 (1.02-1.61) 1.14 (0.91-1.44) 

Metabolic Index 0.99 (0.86-1.15) 0.98 (0.84-1.13) 1.00 (0.86-1.17) 

Cardiovascular Index 1.19 (0.94-1.51) 1.15 (0.92-1.45) 1.12 (0.88-1.42) 

BMI> 25 (Cancer deaths n=525/Total n=8,226) 

Inflammation Index 1.33 (1.14-1.57) 1.33 (1.13-1.56) 1.26 (1.06-1.49) 
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Metabolic Index 1.04 (0.96-1.14) 1.04 (0.96-1.13) 1.04 (0.96-1.14) 

Cardiovascular Index 1.26 (0.97-1.63) 1.25 (0.96-1.61) 1.22 (0.94-1.60) 

*Covariates: fasting status (1), age, sex, ethnicity, (2) education, health 

insurance coverage, urbanization, (3) HEI scores, physical inactivity, smoking 

status, alcoholic drinks per week, medication 

 

Discussion 

This study provides new evidence for the strong association between an 

index of MSBR, (a proxy for allostatic load), and cancer mortality in the NHANES 

III population. Additionally, the association was stronger in participants who were 

overweight or obese.  The association of the overall index was mainly driven by the 

immune and cardiovascular domains, as they were also positively associated with 

cancer mortality as well.   

Theoretically, allostatic load is often used to explain the biological “wear 

and tear”62 taken on by the body after prolonged activation of primary markers in 

the autonomic nervous system (ANS) and the hypothalamic- pituitary- adrenal 

(HPA) axis.63,100,362  Chronic stress (repeated or prolonged) can be deleterious for 

most physiological systems that are continuously exposed to stress 

hormones.362,363  Many epidemiological studies have suggested an elevated risk 

for heart disease, 224,234,364 immune dysfunction,195,203 and metabolic 

disorders.253,257,365  

Several studies have investigated the association between allostatic load and 

overall mortality using NHANES III data.  A study by Borrell et al, investigated the 

association between a multi-systemic biological risk or an allostatic score and all-

cause mortality risk.366 This study found that after adjustment for age, gender, 
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race/ethnicity, education, and income, mortality rates were 88% [HR=1.88, 95% CI 

(1.56, 2.26)] higher for participants with the highest allostatic load score.  

Another recent study assessed if allostatic load predicts all-cause 

mortality and cause specific mortality within a nationally representative sample of 

the Scottish population.282 This analysis included shorter follow up time, and a 

limited number of relevant covariates (sex, age and deprivation).  In the fully-

adjusted model, higher allostatic load was associated with an increased risk for 

mortality but only after 10 years [HR = 1.08, 95% CI (1.01 to 1.16); p = 0.026], and 

not within the 5 year follow up group.282 Moreover, allostatic load was not 

associated with any of the specific causes of death over the 5 or 10 year follow up 

period, including cancer death, in this population.282  

This study assessed risk for cancer death alone, however due to well known 

risk factors for cancer mortality as well as stress, we sequentially adjusted for 

factors related to socioeconomic status (degree of urbanization as there are 

documented differences for rates of survival based on this covariate9,367,368, 

education, health insurance), lifestyle factors (current tobacco use, physical activity, 

current use of medications, diet variety, and number of alcoholic drinks per week).  

The association between the MSBR index and risk for cancer death remained above 

and beyond adjustment for these important confounders. However, BMI was an 

effect modifier, and the association was much stronger in overweight and obese 

participants.    

Studies regarding stress and cancer outcomes have been equivocal. 

Although animal experiments have shown strong positive associations,87,264,269,270,369 
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human studies suffer from a variety of biases leading to inconsistent 

evidence.274,276–278 Furthermore, the complex nature of the perception of stress, 

makes assessment of this exposure difficult in humans.84,370 

 The scientific literature in this field hypothesize that the stress response 

may influence the immune and the cardiovascular system.200,202,203,224 In general 

they posit that stress may be permissive by way of immunomodulation or 

conducive by aiding in alterations of the tumor microenvironment.87,204,264,325,369,371  

This is the first study to assess a multi-systemic biological risk index and 

cancer mortality in a multi-ethnic US population. This analysis may be especially 

useful to the research area of cancer prevention, as the index relies upon 

commonly measured pre-clinical biomarkers. Moreover, a noteworthy contribution 

of this paper was further assessment of whether an individual domain would be a 

stronger predictor for cancer mortality risk, versus the entire index. Elucidating 

which domains are relevant in the association between multi-systemic biological 

risk and cancer death can help hone in on the appropriate preventative measures to 

take earlier on in the life course regarding chronic stress. Another strength would be 

that this includes over 13,000 participants, linked to the national death index with 

23 years of follow up, which is an appropriate time frame for follow up of cancer 

outcomes.  The study also contains detailed standardized lab data as well as 

relevant and detailed standardized questionnaires for which confounders could be 

tightly adjusted for. 

There are limitations that warrant further consideration. First, we utilized a 

“one -point in time measurement” of the multi-systemic biological risk index; 



 
 

104 

repeated measures of biomarker from several time periods would allow us to 

account for time-varying changes of the index. Next, the biological markers utilized 

to create an AL index in this study were restricted to availability in NHANES. Also, 

our analytical sample is a subset of the original cohort due to missing data.  

Although we imputed relevant covariates, participants were excluded if they had 

missing data on follow up time, fasting time, or at least one of the biomarkers 

included in the AL index.  Furthermore, only aggregate information on leading 

causes of death is available in the public 2011 mortality follow-up, therefore cancer 

specific analyses were not possible. However, currently, it is understood that the 

most cancer death would occur among those diagnosed with aggressive, 

advanced, or metastatic disease, which is relevant to assess in contrast to indolent 

or localized cancers.  Therefore, assessment of the relationship between exposure 

to high risk markers and cancer mortality maybe useful for understanding the 

general biology and relevant pathways of the early stages of an aggressive 

cancer. Also, there are well recognized limitations to the use of a 24-h dietary 

recall to calculate an HEI score and we therefore cannot rule out misclassification 

of participants with respect to HEI status. Physical activity was assessed as 

activity done in the last month.  Although this is may be useful marker for pattern 

of behavior, it is not likely a true representation of a physically fit individual. 

Other inherent limitations of the NHANES include, recall bias, non-validated 

diagnoses, and the inability to stratify on racial/ethnic groups due to sample size 

and study design.   
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In the practical sense, allostatic load is operationalized as a metric of health 

risk used to express shared physiologic variance in multiple biological systems.81,122 

We utilized the MSBR index to represent pre-clinical exposure to secondary 

damaging effects on multiple systems.126,279 Our results suggest that, by way of 

immune and cardiovascular risk factors, the MSBR index strongly predicts 

increased cancer mortality risk, specifically amongst overweight and obese 

individuals. The use of the MSBR index, a measure of AL, may potentially be 

relevant for understanding new directions for relevant pathways regarding disease 

risk. In particular the metric may be useful for guiding researchers towards relevant 

pathways by which factors may influence physiological functioning and harbor 

environments conducive to aggressive cancer outcomes.111,314,372,373  It may also 

have clinical utility, where this index may be a useful practical screening tool for 

high-risk individuals, highlighting early points to intervene and potentially prevent 

premature death, particularly amongst overweight and obese individuals.  

Study 2: Multi-systemic Biological Risk and All-Cause Mortality: The Jackson 

Heart Study 

Introduction 

Multi-systemic Biological Risk (MSBR) is a proxy for allostatic load, a metric 

of health risk that captures the complex biological cascade that occurs in 

neuroendocrine, metabolic, autonomic and immune domains in response to chronic 

environmental and psychosocial stress.111,326–328 MSBR is a significant risk factor 

for the major sources of morbidity and mortality across populations.63,119,282,374,375 

Indeed, many forms of chronic stress have been documented to influence MSBR via 
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direct and indirect mechanisms across the lifespan.102,195,254,376–378 Chronic stress 

may indirectly influence MSBR by producing unhealthy behaviors such as 

smoking, excess alcohol intake, unhealthy eating habits and failure to 

exercise.366,373,379 Furthermore, lack of social support is also associated with chronic 

stress.380,381 Other research suggests that chronic stress directly impacts MSBR and 

disease risk via a physiological “weathering” response;55,62,91 impacting 

cardiovascular,102,382metabolic,253,254,258 and immune domains.195,203 

Most studies that have examined the relationship between stress and health 

related outcomes utilized self-reported stress.195,278,307,364 Conversely, there is a 

burgeoning body of evidence that has examined biomarker indices of allostatic load 

with disease and mortality endpoints.119,282,283,375 Generally, these studies show a 

positive association between allostatic load and morbidity/mortality, and that 

allostatic load levels partially explain racial disparities observed in disease and 

mortality outcomes.283,284,375 However, a gap in this research is that previous studies 

have not been able to account for major sources of chronic stress such as low social 

support and multiple dimensions of discrimination, which could potentially 

confound the allostatic load-mortality association. 

Therefore, to address this gap we examined the association of MSBR (allostatic 

load) with all-cause mortality in an African-American cohort. We hypothesized that 

a higher MSBR score would be associated with higher mortality risk during follow 

up, and sequential adjustment for dimensions of stress would lead to a sequential 

attenuation of the association.   

Methods 
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Study Population 

The Jackson Heart Study (JHS) is a prospective, community-based, cohort 

study that examines the etiology of cardiovascular disease (CVD) in African 

Americans. A total of 5,306 (women, n = 3,371; men, n = 1,935) participants aged 

20-95 were enrolled from the Jackson, Mississippi metropolitan area between 2000 

and 2004. Further details of the study design, recruitment and data collection are 

reported elsewhere.383 Briefly, demographic characteristics, behavioral and lifestyle, 

as well as clinical information and laboratory values were collected during a home 

interview and onsite clinical examination at baseline. There were 2 follow-up visits: 

examination 2 (2005-2008) and examination 3 (2009-2013).  The analytic sample 

for this study utilized data available from baseline and was restricted to participants 

with complete data on all biomarkers included in the MSBR index (n=4,139). 

Furthermore, final models were restricted to 3,942 participants who completed the 

assessment of the burden of lifetime discrimination.  

 All data collection procedures were approved by the institutional review 

boards of Jackson State University, Tougaloo College and the University of 

Mississippi Medical Center, and all JHS participants provided informed consent. 

The IRB of the University of California, Irvine reviewed and approved the use of 

the data for this analysis.  

 Exposure Assessment 

The MSBR index utilized the same measures and methods as previous 

studies examining this index as an exposure variable in the JHS.301,384  Sex stratified 

Z-scores for each biomarker were averaged within each biological domain to create 
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sub-index scores.  The sub index scores were then summed to create the overall 

MSBR index with higher scores indicating higher MSBR.384 This standardized 

formulation allows the weight of each biomarker to be different depending on its 

deviation from the sample's mean.  Specifically, the index included the following 

domains: neuroendocrine (cortisol, ug/dL); metabolic (glycosylated hemoglobin 

A1c [%]; total cholesterol–high density lipoprotein cholesterol ratio [mg/dL]; waist 

circumference [cm]); autonomic (systolic blood pressure [SBP] [mmHg]; diastolic 

blood pressure [DBP] [mmHg]; heart rate [beats/min]); and immune (C-reactive 

protein [mg/dL]; white blood cell count [th/cmm]). Skewed distributions were log 

transformed prior to standardization. The summed standardized total MSBR index 

was ranked to create quintiles to assess for threshold effects. Details on the 

measurement of all biomarkers included in the score were assessed using standard 

laboratory procedures and are reported in previous JHS-related research.385 

Outcome Ascertainment 

The primary outcome was all-cause mortality during follow up.  

Identification and reporting of mortality in the JHS has been previously 

described.386 Briefly, mortality status and data were generated from annual follow-

up interviews, the National Death Index, and physician and coroner reports 

reviewed by a medical record abstraction unit. All statuses were adjudicated by 

trained clinical staff.  Participants were censored at the date of death, loss to follow-

up, or the end of follow-up (December 31, 2014).  

Covariates 
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Demographic and socioeconomic data collected included age, sex, family 

income, educational attainment, and health insurance status. Specifically, family 

income was assessed by 11 categories ranging from <$5000 to >$100,000 that were 

collapsed into 4 categories (low, lower-middle, upper-middle, and high) accounting 

for family size and poverty level. Educational attainment responses (less than or 

equal to high school, some college, and college or more) was collapsed into 2 

categories (college education or greater or less than college education). Physical 

activity was assessed with an 18-item self-report questionnaire modified from the 

Kaiser Physical Activity Survey and validated against an accelerometer.387 Dietary 

information was ascertained using a Food Frequency Questionnaire validated for 

use in the JHS sample.388 The data from the physical activity questionnaire and the 

food frequency questionnaire were categorized into poor, intermediate and ideal 

physical activity or nutrition levels based on the American Heart Association Life’s 

Simple 7 guidelines.  The criteria for physical activity was scored: two points for 

moderate-intensity activity ≥150 min/week or vigorous-intensity activity ≥75 

min/week or combination. One point for moderate-intensity activity 1-149 

min/week or vigorous-intensity activity 1-74 min/week or combination of 

moderate- and vigorous-intensity activity 1-149 min/week, and zero for no physical 

activity.  The criteria for nutrition scored: two points for at least 4 of the following 5 

components (based on 2000‐kcal diet): fruits and vegetables ≥4.5 cups/day, fish 

>3.5 oz. twice per week, sodium <1500 mg/day, sugary beverages <450 kcal/week, 

or whole grains ≥3 servings per day. One point for 2–3 components, and zero for 0-

1 components. Other covariates included smoking status (current, former, past), 
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alcohol consumption (grams per week), sleep (average number of hour per night), 

health insurance status (yes or no).  We created an abbreviated comorbidity index 

by assigning 1 point for each of the following prevalent comorbid conditions: CVD, 

diabetes, hypertension and stroke. We then dichotomized the variable to 

comorbidity (no=1 vs. one or more=1). The same method used to create the disease 

index was used for medication history.  Medication classifications included: all 

anti-hypertensives (including beta-blockers, and calcium channel blockers), statins, 

diabetes medications, and anti-arrhythmias. We then dichotomized the variable into 

no medications versus at least 1. Body mass index (BMI) was measured using 

anthropometric data collected by trained staff and defined as weight (kg)/height 

(m)2. Perceived social support was assessed with a 16-item version of the 

Interpersonal Support Evaluation List.  This is a measure of perceived access to 

four types of support: tangible, emotional, belonging and self-esteem. A sum score 

was created from the responses ranging from 16 (low support) to 80 (high 

support).389,390 

Perceived every day, lifetime, and burden of lifetime discrimination were 

assessed utilizing the Jackson Heart Discrimination Instrument from exam 1, which 

measures the occurrence, frequency, attribution, and coping responses to 

everyday, lifetime, and burden of lifetime discrimination.391  The everyday 

discrimination measure was adopted from the Williams’ Everyday Discrimination 

scale392  and the Cronbach's alpha within JHS indicated excellent internal 

consistency (α = 0.88).  Participants were asked questions such as: “How often on a 

day-to-day basis do you have the following experiences: You are treated with less 



 
 

111 

courtesy. You are treated with less respect. You receive poorer service than others 

at restaurants.” Participants’ responses range from (“several times a day”) to 

(“never”).  Responses were averaged (1 = “never” to 7 = “several times a day”) and 

the total score (range 1-7) was transformed into z scores.377 

Lifetime discrimination was adopted from the Krieger scale286,393 and it 

had good internal consistency within JHS (α = 0.78). Participants provided a 

yes/no answer when asked about events of unfair treatment over their lifetime 

across domains including: school, acquiring a job, and at place of employment. The 

sum of their responses was used as the score ranging from 0 (no unfair treatment) to 

9 (greater unfair treatment),3 and the score was then transformed into z scores. 

 Burden of discrimination was assessed for participants who reported “yes” 

for at least one instance of lifetime discrimination. Questions asked, “When you 

have had experiences like these over your lifetime, would you say they have been 

very stressful, moderately stressful, or not stressful? (4, 2.5 1)”, “Overall how much 

has discrimination interfered with you having a full and productive life? Would you 

say a lot, some, a little, or not at all?”, and “Overall, how much harder has your life 

been because of discrimination? Would you say a lot, some, a little, or not at all?” A 

mean score was created from the responses ranging from 1 (low burden) to 4 

(greater burden) and the score was then z-scored.   

Statistical Analysis  

Baseline sample characteristics were presented by MSBR quintiles using 

percentages for categorical variables and means with standard deviations for 

continuous variables. Cox proportional hazard regressions models were used to 
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estimate hazard ratios (HR) and corresponding 95% confidence intervals (CI) for 

associations between the MSBR index and all-cause mortality. The proportional 

hazards assumption was assessed by creating interaction terms between MSBR, all 

covariates and follow-up time and no evidence of a violation was detected.  

To examine the statistical impact of adjustment for different domains of 

confounders, we utilized a sequential regression approach with adjustment for 

confounders in each domain. Model 1 adjusted for age and sex (basic 

demographics).  Model 2: Model 1 + education, income, health insurance status and 

the social support score (domains of social support).  Model 3: Model 2 + physical 

activity, diet quality, hours of sleep, smoking, alcohol intake, comorbidities, 

medication use), and BMI (lifestyle/ health status).49 Model 4: Model 3 + 

discrimination (everyday, lifetime, and burden).  

We tested for effect modification for age group (Median, >54 vs <=54), sex, 

smoking, health insurance status, income, BMI (<=25 vs >25), any alcohol use, and 

stress from burden of discrimination by including a term for the interaction between 

the exposure score and the aforementioned covariates into each of the fully adjusted 

models. Sensitivity analyses assessed the association amongst those taking at least 1 

medication versus no medication. We also assessed the association amongst those 

with at least 1 disease versus no diseases.   

Missing data 

Multiple imputations for missing data were used to impute missing values of 

covariates in this analysis. We utilized multiple imputation using chained equations 

(MICE), which uses a sequence of univariate imputation methods with fully 



 
 

113 

conditional specification (FCS) of prediction equations to generate 20 imputed 

datasets for the estimation of 14 covariates [education (n=15), income (n=656), 

health insurance (n=17), social support score(n=956), physical activity (n=4), 

nutrition (n=399), smoke (n=37), alcohol (n=149), hours of sleep (n=23), BMI 

(n=1), everyday discrimination score (n=69), lifetime discrimination score (n=148), 

burden of discrimination (n=10), medication history (n=89)] using all other relevant 

complete variables within the analysis.360,361  The parameter estimates from each 

imputed data set (m=20), were estimated using the Stata MI estimate command. 

Sensitivity analyses were performed to compare estimates from the original data 

and the imputed data. The analysis utilizing complete participant data versus the 

imputed dataset were not materially different; therefore, we utilized the imputed 

results. All statistical analyses were performed using SAS version 9.4 and STATA 

14. 

Results 

Of the 4,193 participants included in the analysis there were 536 deaths 

during 47,939 person-years of follow up. The mean age of participants was 

55.3±12.8 years.  Table 5 displays participant characteristics according to quintiles 

of the MSBR index. Compared to quintile 1, participants from quintile 2-5 were 

older, had higher average BMIs, a greater proportion with a high school degree or 

less, lower income, and higher prevalence of a history of smoking. They were also 

less likely to have health insurance and be physically active. 

Table 7 reports the results from the Cox proportional hazard regression 

models for the association between quintiles of the MSBR index and all-cause 



 
 

114 

mortality.  After adjustment for demographic, socioeconomic, lifestyle and health 

status, and discrimination related variables, higher MSBR was associated with an 

increased risk of all-cause mortality (HR per SD increase in MSBR = 1.20, 95% CI: 

[1.13-1.27]).  Further, examining the MSBR index by quintiles displayed a graded 

association for all-cause mortality, across quintiles 2-5 compared to quintile 1. 

Table 7: Baseline Characteristics of the Jackson Heart Study Participants, by quintiles of 

MSBR index (n=4,193) 
Quintile # 

Z-score range 

Sample size 

Quintile 1 

(-5.52 to -

1.56) 

(n=838) 

Quintile 2 

(-1.55 to -0.54) 

(n=839) 

Quintile 3 

(-0.53 to 0.30)  

(n=839) 

Quintile 4 

(0.31 to 

1.45) 

(n=839) 

Quintile 5 

(1.46 to 

10.73) 

(n=838) 

Median Age (IQR 25-

75) 

48.3 

(40.8-59.8) 

53.7 

(44.5-63.4) 

54.7 

(45.0-64.6) 

56.9 

(47.2-65.3) 

58.2 

(48.3-64.9) 

Characteristics % or Mean (SD) 

Sex (female) 63.4 62.5 64.6 63.5 64.4 

<=High school 25.2 34.7 35.5 41.1 46.4 

Upper middle/affluent 68.5 65.2 63.1 56.4 52.1 

No health insurance 12.3 12 11.9 15.5 16.9 

Not physically active 36 43.9 49.5 53.6 56.9 

Current smoker 9.1 9.9 11.8 15.9 16.6 

Past smoker 14.4 17.4 19.1 20 18.7 

Never smoker 76.5 72.7 69.1 64.1 64.7 

Poor diet quality 58.4 57.9 60.5 57.1 53.8 

Average grams of 

alcohol /week 

29.3 (5.5) 29.5 (3.3) 26.1 (3.1) 38.4 (4.6) 44.4 (5.9) 

Average BMI 27.9 (.17) 30.4 (.22) 32.3 (.25) 33.5 (.27) 35.0 (.28) 

Average social score 

(16-80) 

51.0 (.22) 50.8 (.22) 51.1 (.23) 51.8 (.23) 51.1 (.25) 

Hours of sleep/night 

(1-18) 

6.4 (.05) 6.4 (.05) 6.4 (.05) 6.5 (.05) 6.5 (.05) 

% At least 1 

medication 

9.7 12.2 18.7 21.0 27.0 

% At least 1 morbidity 29.7 45.5 56.6 64.6 75.6 

Discrimination scores           

Every day (0-6) 1.2 (.03) 1.1 (.04) 1.1 (.03) 1.1 (.04) 1.1 (.04) 

Lifetime (0-9) 3.2 (.08) 3.0 (.08) 2.9 (.07) 2.9 (.08) 2.8 (.07) 

Burden (1-4) 2.0 (.04) 1.9 (.04) 2.0 (.04) 2.0 (.04) 2.0 (0.4) 

Stress (% yes) 64.2 61.6 64.0 65.0 62.4 

 

Table 8. Hazard Ratio and 95% CI of All-Cause Mortality According to Quintiles 

of Multi-Systemic Biological Risk Index (MSBR): The Jackson Heart Study  
MSBR 

Quintiles 

Cases (n=536) 

/Total 

(n=4,193) 

HR 95% CI 

Model 1 

HR 95% CI 

Model 2 

HR 95% CI 

Model 3 

Cases 

(n=398) 

HR 95% CI 

Model 4 



 
 

115 

/Total 

(n=3,415) 

Quintile 1 48/838 Ref Ref Ref 37/688 Ref 

Quintile 2 75/839 1.27 

(0.89-1.83) 

1.21 

(0.84-1.75) 

1.11 

(0.77-1.61) 

51/667 0.98 

(0.64-1.51) 

Quintile 3 95/839 1.51 

(1.07-2.14) 

1.49 

(1.05-2.11) 

1.31 

(0.92-1.86) 

66/683 1.20 

(0.79-1.81) 

Quintile 4 140/839 2.22 

(1.60-3.09) 

2.09 

(1.50-2.90 

1.77 

(1.26-2.49) 

102/692 1.59 

(1.08-2.36) 

Quintile 5 178/838 2.90 

(2.10-3.99) 

2.72 

(1.97-3.75) 

2.24 

(1.59-3.15) 

142/685 2.19 

(1.48-3.23) 

Per SD 536/4,193 1.25 

(1.19-1.30) 

1.23 

(1.18-1.29) 

1.20 

(1.14-1.26) 

398/3,415 1.20 

(1.13-1.27) 

*Model 1: age and sex. Model 2: model 1 and also education, income, health insurance status and 

the social support score.  Model 3: model 2 and also physical activity, HEI score, smoking, alcohol, 

comorbidities, medication, BMI, average number of hours of sleep. Model 4: model 3 and also 

dimensions of discrimination (everyday, lifetime, and burden) limited to n=3,415 who completed the 

discrimination index. 

 

 Analyses used to determine the presence of effect measure modification by 

sex, smoking, health insurance status, income, BMI, and alcohol use provided no 

evidence that the results differed by those measures. However, there was evidence 

that the magnitude of the estimate was stronger within the younger age group when 

the population was stratified by the median age. In the model adjusted for all noted 

confounders the positive association between a higher MSBR index score and risk 

for mortality in participants who were 54 years of age or less is presented in Table 9 

(HR per SD MSBR = 1.28, 95% CI: [1.13-1.44]). There was also a positive 

association between a higher index score and risk for mortality amongst those who 

were greater than 54 years of age presented in Table 9 (HR per SD MSBR = 1.18, 

95% CI: [1.11-1.26]).  

Table 9. Hazard Ratio and 95% CI of All -Cause Mortality According to Quintiles Multi-

Systemic Biological Risk Index (MSBR) amongst participants age 54 or less at baseline: 

The Jackson Heart Study 
MSBR 

Quintiles 

Cases (n=86) 

/Total 

(n=2,071) 

HR 95% CI 

Model 1 

HR 95% CI 

Model 2 

HR 95% CI 

Model 4 

Cases (n=69) 

/Total 

(n=1,795) 

HR 95% CI 

Model 4 

Quintile 1 8/540 Ref Ref Ref 8/459 Ref 
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Quintile 2 11/425 1.59 

(0.64-3.97) 

1.53 

(0.61-3.82) 

1.49 

(0.60-3.74) 

8/361 1.13  

(0.42-3.04) 

Quintile 3 13/402 1.99 

(0.82-4.81) 

1.90 

(0.78-4.60) 

1.60 

(0.65-3.97) 

10/355 1.24  

(0.47-3.23) 

Quintile 4 18/368 2.95 

(1.28-6.80) 

2.70 

(1.17-6.26) 

2.24 

(0.94-5.38) 

13/321 1.56  

(0.62-3.95) 

Quintile 5 36/336 6.60 

(3.05-14.3) 

5.63 

(2.58 -12.27) 

4.05 

(1.74-9.41) 

30/299 3.19  

(1.31-7.74) 

Per SD 86/2,071 1.36 

(1.24-1.48) 

1.37 

(1.21-1.45) 

1.26 

(1.14-1.40) 

69/1,795 1.28  

(1.13-1.44) 

*Model 1: age and sex. Model 2: model 1 and also education, income, health insurance status and the social 

support score.  Model 3: model 2 and also physical activity, HEI score, smoking, alcohol, comorbidities, 

medication, BMI, average number of hours of sleep. * Model 4: model 3 and also dimensions of 

discrimination (everyday, lifetime, and burden) limited to n=3,415 who completed the discrimination index. 

Sensitivity analyses assessing estimates for participants who reported any 

medication use versus none, any comorbidities versus none, and those who reported 

that the burden of discrimination was stressful versus not stressful displayed 

estimates that did not significantly differ between sub-groups. 

Table 10. Hazard Ratio and 95% CI of All-Cause Mortality According to Quintiles of 

Multi-Systemic Biological Risk (MSBR) amongst participants age 55 or greater at 

baseline: The Jackson Heart Study   
MSBR 

Quintiles 

Cases (n=450) 

/Total (n=2,122) 

HR 95% CI 

Model 1 

HR 95% CI 

Model 2 

HR 95% CI 

Model 4 

Cases 

(n=329) 

/Total 

(n=1,620) 

HR 95% CI 

Model 4 

Quintile 1 40/298 Ref Ref Ref 29/229 Ref 

Quintile 2 64/414 1.22 

(0.82-1.81) 

1.10 

(0.74-1.64) 

1.01 

(0.67-1.50) 

43/306 0.90 

(0.56-1.46) 

Quintile 3 82/437 1.42 

(0.97-2.07) 

1.36 

(0.93-1.99) 

1.22 

(0.83-1.79) 

56/328 1.16 

(0.73-1.83) 

Quintile 4 122/471 2.11 

(1.47-3.02) 

1.92 

(1.34-2.75) 

1.63 

(1.13-2.36) 

89/371 1.50 

(0.97-2.32) 

Quintile 5 142/502 2.48 

(1.75 -3.53) 

2.30 

(1.62-3.28) 

1.93 

(1.34-2.79) 

112/386 1.97 

(1.28-2.32) 

Per SD 450/2,122 1.22 

(1.16-1.29) 

1.21 

(1.15-1.27) 

1.18 

(1.11-1.24) 

329/1,620 1.18 

(1.11-1.26) 

*Model 1: age and sex. Model 2: model 1 and also education, income, health insurance status and the 

social support score.  Model 3: model 2 and also physical activity, HEI score, smoking, alcohol, 

comorbidities, medication, BMI, average number of hours of sleep. Model 4: model 3 and also 

dimensions of discrimination (everyday, lifetime, and burden) limited to n=3,415 who completed the 

discrimination index. 

 

Discussion  



 
 

117 

In this analysis of a large population-based cohort of African Americans, 

there was a strong, positive association between a higher MSBR index (proxy for 

allostatic load) and risk for all-cause mortality during follow-up.  Sequential 

adjustment for dimensions that are known to confound the association 

(demographic, socioeconomic and social support, lifestyle and health status, and 

discrimination experience), demonstrated that each domain contributes to the 

association by the attenuation of the point estimate with each adjustment. However, 

the strong association remained.  

Multi-systemic biological risk is a composite index representing the 

underlying biological relationship between chronic stress due to social, economic, 

and environmental disadvantage and burden of disease.301,384,394 Previous research 

has demonstrated inverse associations between higher levels of allostatic load 

indices and cognition, sleep, physical function, socioeconomic status, 

disadvantaged neighborhoods, and increased risk for cardiovascular outcomes and 

mortality.63,106,107,374,384,395  This analysis shows that an index of MSBR may 

potentially serve as a practical prediction tool for mortality, and preventive 

measures may be taken to reduce this risk.  

Several studies have investigated the association between allostatic load and 

overall mortality.  Borrell et al, investigated the association between a MSBR index 

and all-cause mortality risk using the national multi-ethnic NHANES III data.375 

This study found that after adjustment for age, sex, race/ethnicity, education, and 

income, mortality rates were 88% higher for participants with the highest score for 
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allostatic load. However, this study slightly differs in their formulation of the 

MSBR score because the index did not include the stress hormone cortisol.  

A study by Duru, et. al, used NHANES III data to estimate unadjusted 

cardiovascular/diabetes-related mortality and non-injury mortality due to sex and 

race.283 They then sequentially added risk factors including: (1) age/ clinical 

conditions, (2) socioeconomic status variables, (3) health behaviors, and finally (4) 

allostatic load, with a hypothesis that these adjustments would explain the basic 

model results. For black women versus white women, the magnitude of the 

disparity for non-injury mortality decreased from 43% greater risk to a 26% risk 

after adjustment for all domains including allostatic load. For men, disparities were 

attenuated but persisted after adjustment for allostatic load.  This study suggests that 

allostatic load burden partially explains higher mortality among Black Americans, 

independent of SES and health behaviors.   

The MSBR index, as a proxy for allostatic load, aims to explain the 

underlying relationship between external chronic stressors and health. The 

statistical modeling approach we used was constructed to provide insight into this 

theory. We did observe that adjustment for each of the major domains did lead to 

modest attenuation of the estimates providing some evidence for this theory. 

However, the overall strong association between the MSBR index and mortality, 

regardless of statistical modeling, suggests that a higher MSBR is a strong risk 

factor for mortality regardless of the underlying cause of the elevated risk factors.  
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There are several limitations to this study. The biomarker measurement of 

allostatic load in epidemiological studies is not uniform and is based on the 

availability of data across studies, making them somewhat of a challenge to 

compare. We utilized markers that were representative of the major domains, 

however, we were limited to only cortisol from the neuroendocrine domain.  Also, 

although we imputed relevant covariates which strengthened the statistical power of 

this analysis, some participants were excluded if they had missing data on at least 

one of the biomarkers included in the exposure index. Furthermore, the use of 

biomarkers, which represent complex etiologies, as a simple proxy of dysfunction, 

is a limitation. Our results align with theoretical frameworks and empirical evidence 

that suggest secondary measures of biological chronic stress may be an important 

contributor to mortality outcomes. However, the potential for residual confounding 

cannot be ruled out, and future studies in this field are needed to further validate 

these concepts. Finally, this study was conducted in a single metropolitan area 

which limits its generalizability to other African American populations. 

There are important strengths to note. The JHS is the largest prospective 

cohort assessing clinical risk factors in African Americans. This study includes 

detailed psychosocial instruments, and as well as strong characterization of complex 

social and economic factors central to the theory of allostatic load and MSBR. This 

analysis adds to a body of research that examines the ways by which MSBR, as a 

proxy for chronic external stressors, leads to poor health outcomes including 

premature mortality, specifically amongst African American adults of all ages. The 

use of this MSBR index, a measure of AL, has been useful for understanding 



 
 

120 

disparities regarding disease risk in previously mentioned studies. Disentangling the 

complex relationship between race and other social factors is likely strongly biased 

and confounded within observational studies with multiple race/ethnicities. 

However, this study examines other important contributors to disparities in 

mortality, while restricting the design for race, providing a stronger basis for 

inference into this question.  

In conclusion, we observed a strong, positive association between MSBR, a 

measure of allostatic load, and risk for mortality in adults after an average follow up 

of 14 years. This analysis suggests that the commonly measured biomarkers that are 

used to characterize MSBR may also have clinical utility.  This tool may serve as a 

practical screening tool for high-risk individuals, highlighting targeted and early 

points to intervene and potentially prevent premature death, particularly amongst 

individuals burdened by stress from discrimination, low income, and lack of social 

support. Future research carrying out formal prediction analyses will better inform 

this topic.  

Study 3: Perceived Discrimination and Multi-System Biological Risk: The CARDIA 

Study 

 

Introduction 

 A substantial body of evidence indicates that perceived discrimination is an 

important risk factor for mental and physical health.396,397 Discrimination can lead 

to poor health by direct and indirect mechanisms.  Indirectly, discrimination may 

prompt unhealthy behaviors such as smoking, excess alcohol intake, unhealthy 
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eating habits and failure to exercise.366,373,379 Directly, discrimination can cause 

acute and chronic stress, which can be deleterious for most physiological systems 

that are exposed to stress hormones.362,363  A metric fundamental to the stress 

response is multi-systemic biological risk (MSBR), a proxy for allostatic load, that 

captures the complex biological cascade that occurs amongst the autonomic, 

metabolic, and immune domains in response to chronic environmental and 

psychosocial stress.111,326–328   

Indeed, research demonstrates discrimination has important biological 

consequences.29,42,55,398 One documented effect in response to the chronic stress 

derived from discrimination has been described as “physiological weathering”.62  

However, most studies that have examined the association between self-reported 

discrimination and health are cross-sectional in nature and have not looked at 

objective clinical measures of health status as outcomes,307 although a few have 

examined individual markers part of typical MSBR scores315,393,399,400. Furthermore, 

research assessing the relationship between different types of discrimination, and 

MSBR has not been addressed. Therefore, the aim of this study was to assess the 

association between experienced discrimination due to gender, race, and 

socioeconomic position and MSBR.  We hypothesized a higher number of 

discrimination experiences, and an increase in the number of perceived experiences 

of discrimination over time was positively associated with MSBR. 

Methods 

Study Population 
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CARDIA is a multicenter prospective study that focuses on the etiology of 

cardiovascular risk development in young adulthood. From 1985–86, a total of 

5,115 individuals were recruited from four study communities within the United 

States.  This included: Chicago, Illinois; Minneapolis, Minnesota; Birmingham, 

Alabama; and Oakland, California.401 A stratified random sampling procedure was 

used to attain a balanced number of participants at each center by gender, 

race/ethnicity (Black, White), age (18–24 and 25–30 years), and education (high 

school degree or less, some college or more).401 Follow up examinations were done 

at years 2, 5, 7, 10, 15, 20, 25, and 30. The institutional review boards for each site 

approved this study with all procedures followed in accordance with institutional 

guidelines and informed consent was obtained from each participant. Further details 

regarding study design, eligibility requirements, and recruitment are available 

elsewhere.402 This analysis used data collected in year 7 (1992–93), year 15 (2000–

01), and year 25 (2010–11). Follow-up rates at year 7, year 15, and year 25 were 

81%, 74%, and 72%, respectively.  

Exposure Measurement 

At years 7, 15, and 25 participants were asked about their experiences of 

discrimination with the Experiences of Discrimination (EOD) instrument.403,404 The 

EOD instrument asked, “Have you ever experienced discrimination, been prevented 

from doing something, or been hassled or made to feel inferior in any of the 

following situations because of your:  race or skin color, gender, or socioeconomic 

position  (SEP)”. The yes or no question was asked within seven domains 

including: at school, getting a job, at work, getting housing, getting medical care, on 
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the street or in a public setting, and from the police or in the courts. The gender 

section did not include a domain regarding the police or in the courts, and instead of 

experiencing gender discrimination while “getting housing”, the question asked if 

you have experienced gender discrimination “at home.” At years 15 and 25, the 

phrase “been prevented from doing something” was dropped from the 

discrimination instrument and the domain “from the police or in the courts’ was 

replaced with “at home,” for all three types of discrimination. Also, experiencing 

gender discrimination while “getting housing” was added to the section related to 

gender. As indicated by Cronbach’s alpha, the reliability of the EOD Index for 

racial/ethnic discrimination was 0.82 for all participants, 0.79 for black participants, 

and 0.66 for white participants in CARDIA.404  

This analysis focused on discrimination due to race or color, gender, and 

socioeconomic position (SEP) or social class. To characterize discrimination, a 

summary scale was created as the sum score of answers to the respective 

discrimination questions (for each question, 0 points were given to those who 

answered “No”, 1 point for those who answered “Yes”). At year 7, the race and 

color survey, as well as the SEP survey scores ranged from 0-7; the gender survey 

scores ranged from 0-6. Lastly, all survey scores ranged from 0-7 at years 15 and 

25.  Therefore, at year 7, the total sum scores ranged from 0-20, and at years 15 and 

25 the total sum scores ranged from 0-21.  Overall number of experiences of 

discrimination was the sum of all discrimination scores for each participant. The 

overall discrimination measure was then ranked into quartiles and modeled as a 

categorical predictor.  We also modeled the assigned ranked quartiles continuously 
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with increasing values indicating higher frequency of experiencing discrimination 

across time.  The sub-discrimination domains were ranked into tertiles.   

Outcome measurement 

The markers included to construct the MSBR index in this analysis were 

clinical measures most commonly utilized for allostatic load and uniformly 

available at year 7, 15, and 25 of the Cardia study. The metabolic domain was 

defined by (Homeostasis model assessment [HOMAIR] calculated as fasting glucose 

(mmol/L) × insulin (mU/L)/22·5, triglycerides [mg/dL], and waist circumference); 

the autonomic domain was defined by (systolic blood pressure, diastolic blood 

pressure, and pulse rate [beats/min]); and the immune domain by (c-reactive 

protein). In each domain Z-scores for each biomarker were averaged to create sub-

index scores.  The sub index scores were summed to create the overall MSBR index 

with higher scores indicating higher MSBR. Skewed distributions were log 

transformed prior to standardization. All measures were z-scored separately for 

males and females. All biomarkers utilized in the score were assessed using 

standard laboratory procedures and are discussed in detail in previous published 

work from the CARDIA study.381  

Covariates 

Demographic covariates included race, sex and the baseline enrollment 

center of the four study communities. Time varying covariates included: age, 

current smoking status (reported presently smoking at least five cigarettes per week 

almost every week), alcohol consumption (milliliters of wine, beer, and liquor 

consumed in a week), education (high school or less, some college or college 
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graduate, graduate degree), and household income ($24,999 or less, $25,000-

50,000, $50,000 or more), disease status (history of cardiovascular disease or 

diabetes, or high blood pressure, or cancer), medication history (history of 

cholesterol lowering medications or hypertension medications) . Body mass index 

(BMI) was calculated by the formula weight (kg)/height (m)2 and was evaluated 

using a standardized protocol for measuring height and weight. Physical activity 

was measured with the CARDIA physical activity questionnaire.405 An intensity 

score was computed by multiplying reported frequency of engagement in 13 

different exercise and recreational activities by the intensity of the activity. The 

CARDIA Diet History questionnaire was used to assess dietary intake at baseline, 

and years 7 and 20. The A Priori Diet Quality Score, an index of diet quality based 

upon evidence linking food groups with health, from years 7 and 20 was used for 

this analysis.406,407 

Statistical Methods 

We calculated race and gender stratified descriptive statistics for study 

covariates by follow up year (7, 15, 25) and number of overall discrimination 

experience quartiles. Cross-sectional regression models were used to calculate 

parameter estimates and 95% confidence intervals to estimate the relationship 

between the overall discrimination index and MSBR for year 7, year 15, and year 

25. Models were also stratified by discrimination type and were limited to those 

with complete data at all three time points.  Then we utilized a fixed-effects 

regression approach to calculate parameter estimates and 95% confidence intervals 

to estimate the association of within-person changes in discrimination with within-
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person changes in MSBR from year 7 to year 15 and then from year 15 to year 25. 

Models were specified with an unstructured covariance structure for correlated 

errors. Time-varying covariates, including age, alcohol consumption, BMI, smoking 

status, disease status, medication use, income, and physical activity, were included 

in the models to adjust for changes of MSBR due to potential confounding over 

time. Furthermore, models were adjusted for field center, diet score and year 7’s 

(low, medium or high) discrimination score for year 15 to 25. The discrimination 

experience variables were ranked and modeled by category of discrimination to 

observe within person changes in MSBR. Lastly, we conducted a sensitivity 

analyses to investigate only participants with low discrimination at baseline and 

changes in MSBR from years 7 to 15 and years 15 to 25. 

Results 

Descriptive characteristics according to levels of discrimination experiences 

at year 7, 15, and 25 are presented in Table 9. Black women had the highest average 

MSBR. Amongst black women, across all three time points, those who reported 

more experiences of discrimination engaged in more physical activity, had higher 

income, higher education, lower medication use and higher amounts of alcohol 

consumption. White women who reported higher discrimination also reported 

higher physical activity, alcohol intake and were more likely to have higher 

education.  However white women who reported lower income reported higher 

experienced discrimination. Similar to black women, black men who reported 

higher discrimination experiences had higher income, physical activity levels, and 

higher consumption of alcoholic beverages. Lastly white men who reported higher 
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discrimination were more likely to report lower education, lower income, higher 

physical activity, and higher consumption of alcoholic beverages.  The mean (SD) 

overall discrimination score for all three time points is shown in Table 11; in 

general, experiences in discrimination decreased with time. 

 

Table 11. Characteristics of Study Participants by Overall Discrimination Quartiles and 

Follow Up year, Coronary Artery Risk Development in Young Adults, United States, 

1991-2011  
Year 7 

Discrimination 

Quartile Range and 

Sample Size 

(0) 

n=577 

(1-2) 

n=502 

(3-6) 

n=539 

(7-20) 

n=400 

Discrimination Index, 

mean (SD) 

0 (0) 1.5 (.5) 4.2 (1.1) 10.5 

(3.1) 

MSBR Z-Score, mean 

(SD) 

-0.27 (1.8) -.29 (1.9) -.27 (1.9) 0.04 

(1.8) 

Age, mean (SD) 32.4 (3.4) 32.7 (3.6) 32.2 (3.6) 32.2 

(3.6) 

Alcohol intake, mean 

(SD) ml/week 

70.7 (110.5) 60.0 (102.0) 68.9 (132.6) 69.0 

(141.6) 

BMI, mean (SD) 26.4 (5.3) 25.9 (5.7) 26.7 (5.7) 27.3 

(6.4) 

Physical activity, 

mean (SD) exercise 

units 

345.8 (268.5) 325.6 (260.9) 341.9 (259.1) 353.2 

(303.6) 

Diet Score, mean (SD) 67.3(12.6) 68.8 (11.3) 68.3 (12.5) 65.9 

(11.5) 

Income (% >$50,000 

per year) 

42.11 39.19 30.97 21 

Education (% high 

school or less) 

22.7 20.03 22.44 23.75 

% Female 37.44 62.41 64.2 63 

% Black 20.8 29.46 45.74 79.5 

Smoking status (% 

current smoker) 

17.85 17.42 26.7 29.5 

%Disease (at least 1) 2.25 3.48 4.55 3.75 

% Medications (at 

least 1) 

1.39 1.45 1.99 1.5 

 
Year 15 

Discrimination 

Quartile Range and 

Sample Size 

(0) 

n=705 

(1-2) 

n=475 

(3-5) 

n=409 

(6-21) 

n=429 
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Discrimination Index, 

mean (SD) 

0 (0) 1.4 (0.5) 3.8 (0.8) 9.7 

(3.6) 

MSBR Z-Score Mean, 

(SD) 

-.36 (1.9) -0.23 (1.8) -0.08 (1.9) 0.16 

(1.9) 

Age, mean (SD) 40.6 (3.3) 40.3 (3.6) 40.3 (3.6) 40.1 

3.6) 

Alcohol intake, mean 

(SD) ml/week 

79.8 (147.2) 74.7 (147.5) 65.7 (137.0) 58.6 

(110.2) 

BMI, mean (SD) 28.0 (6.3) 28.2 (6.4) 28.7 (7.0) 29.6 

(6.8) 

Physical activity, 

mean (SD) exercise 

units 

366.5 (289.8) 351.2 (265.6) 345.7 (280.0) 343.3 

(287.0) 

Income (% >$50,000 

per year) 

71.77 67.79 67.24 50.82 

Average Diet Score 

between year 7 and 

year 20, mean (SD) 

70.1 (11.3) 70.6 (10.9) 70.1 (11.6) 67.0 

(10.9) 

Education (% high 

school or less) 

19.29 15.16 14.91 22.61 

% Female 44.26 58.11 66.26 61.77 

% Black 80.43 71.58 50.61 23.78 

Smoking status (% 

current smoker) 

14.89 17.05 18.34 22.38 

%Disease (at least 1) 3.12 3.16 4.16 3.26 

% Medications (at 

least 1) 

7.8 7.58 7.82 9.32 

 
Year 25 

Discrimination 

Quartile Range and 

Sample Size 

(0) 

(n=1,046) 

(1-2) 

(n=423) 

(3-5) 

(n=275) 

(6-21) 

(n=274) 

Discrimination Index, 

mean (SD) 

0 (0) 1.4 (0.5) 3.8 (0.8) 9.8 

(3.7) 

MSBR Z-Score Mean, 

(SD) 

-0.29 (1.9) -0.07 (2.1) -.11 (1.9) 0.29 

(2.0) 

Age, mean (SD) 50.5 (3.4) 50.2 (3.7) 50.3 (3.5) 50.0 

(3.6) 

Alcohol intake, mean 

(SD) ml/week 

91.7 (152.5) 77.3 (159.0) 69.8 (120.1) 63.5 

(131.0) 

BMI, mean (SD) 29.4 (6.7) 30.1 (7.2) 30.1 (7.5) 31.6 

(7.6) 

Physical activity, 

mean (SD) exercise 

units 

360.0 (289.5) 333.7 (263.4) 318.2 (270) 332.6 

(264.1) 

Diet Score, mean (SD) 72.0 (12.9) 72.0 (12.6) 71.3 (12.3) 68.5 

(12.1) 

Income (% >$50,000 
per year) 

76.86 69.74 69.45 54.74 



 
 

129 

Education (% high 

school or less) 

17.3 17.02 16.36 25.55 

% Female 48.57 64.07 64 61.68 

% Black 24.28 40.9 55.64 81.02 

Smoking status (% 

current smoker) 

12.24 12.29 15.64 16.79 

%Disease (at least 1) 17.21 19.15 16.36 24.45 

% Medications (at 

least 1) 

31.26 31.44 33.09 39.05 

 

Table 12. Follow-up Examination Characteristics of Study Participants by Race/Sex and 

Year. Coronary Artery Risk Development in Young Adults, United States, 1991-2011 

Year 7 

Characteristi

cs 

Black Woman n=499 White Woman n=625 

Overall 

Discriminati

on, Mean 

(SD) 

5.64 (4.84) 2.88 (2.81) 

Overall 

Discriminati

on Quartile 

(Range) 

(0) 

n=80 

(1-2) 

n=87 

(3-6) 

n=14

6 

(7-

21) 

n=18

6 

(0) 

n=13

6 

(1-2) 

n=21

8 

(3-6) 

n=20

5 

(7-

17) 

n=66 

MSBR, 

mean (SD) 

0.37 

(1.9) 

0.78 

(2.1) 

0.48 

(1.8) 

0.22 

(1.8) 

-0.58 

(2.0) 

-0.69 

(1.7) 

-0.99 

(1.6) 

-0.34 

(1.7) 

Age, mean 

(SD) 

31.0 

(3.9) 

32.1 

(3.9) 

31.8 

(3.9) 

31.6 

(3.7) 

32.6 

(3.3) 

32.9 

(3.2) 

33.0 

(3.2) 

33.1 

(3.2) 

Alcohol 

intake, mean 

(SD) 

ml/week 

13.3 

(30.3) 

32.2 

(78.1) 

41.7 

(104.7) 

32.3 

(68.7) 

39.1 

(66.3) 

44.8 

(68.0) 

52.0 

(67.4) 

42.8 

(76.3) 

BMI, mean 

(SD) 

29.4 

(7.5) 

29.8 

(7.7) 

29.0 

(7.3) 

28.5 

(7.7) 

25.5 

(6.1) 

24.1 

(4.9) 

24.3 

(4.7) 

25.0 

(5.0) 

Diet Score, 

mean (SD) 

57.5 

(11.5) 

63.0 

(9.6) 

61.8 

(10.5) 

65.0 

(11.0) 

71.4 

(11.5) 

73.1 

(10.3) 

75.6 

(11.2) 

75.2 

(9.8) 

Physical 

activity, 

mean (SD) 

exercise 

units 

173.6 

(184.3) 

183.4 

(171.0) 

228.9 

(205.2) 

244.8 

(243.5) 

249.4 

(192.9) 

301.0 

(231.1) 

323.1 

(220.5) 

368.7 

(295.9) 
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Income (% 

>$50,000 

per year) 

12.5 16.79 16.67 16.13 43.38 51.83 40.49 21.21 

Education 

(% high 

school or 

less) 

35 33.33 28.77 21.51 27.21 16.97 12.2 10.61 

Smoking 

status (% 

current 

smoker) 

21.25 28.47 25 26.88 17.65 14.22 21.46 19.7 

Disease (% 

with at least 

1) 

2.5 2.92 4.17 5.38 2.21 5.05 2.93 3.03 

Medications 

(% with at 

least 1) 

2.5 2.92 4.17 1.08 0.47 0.92 0.49 0 

 

 

Year 15 Black Woman n=499 White Woman n=625 

Overall 

Discrimination, 

Mean (SD) 

5.29 (4.87) 2.18 (2.67) 

Overall 

Discrimination 

Quartiles 

(Range) 

(0) 

n=87 

(1-2) 

n=85 

(3-5) 

n=135 

(6-21) 

n=192 

(0) 

n=225 

(1-2) 

n=191 

(3-5) 

n=136 

(6-15) 

n=73 

MSBR, mean 

(SD) 

0.74 

(1.6) 

0.62 

(2.0) 

0.30 

(1.86) 

0.41 

(1.9) 

-0.8 

(1.9) 

-0.6 

(1.7) 

-0.7 

(1.8) 

-0.3 

(1.8) 

Age, mean 

(SD) 

39.6 

(3.7) 

39.4 

(4.0) 

39.7 

(3.9) 

39.7 

(3.8) 

40.8 

(3.3) 

40.9 

(3.1) 

40.9 

(3.4) 

41.4 

(2.9) 

Alcohol intake, 

mean (SD) 

ml/week 

34.3 

(158.3) 

27.6 

(64.4) 

35.4 

(73.4) 

34.2 

(68.5) 

55.1 

(82.0) 

63.4 

(93.7) 

54.8 

(79.7) 

50.4 

(78.3) 

BMI, mean 

(SD) 

32.2 

(7.6) 

32.9 

(7.7) 

31.4 

(8.5) 

31.0 

(7.4) 

26.6 

(7.0) 

26.5 

(6.5) 

25.7 

(5.0) 

27.8 

(7.1) 

 Diet Score, 

mean (SD) 

60.4 

(9.4) 

64.0 

(8.5) 

65.9 

(10.0) 

65.9 

(10.1) 

74.5 

(10.3) 

75.9 

(10.0) 

77.3 

(10.3) 

76.9 

(9.5) 
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Physical 

activity, mean 

(SD) exercise 

units 

216.2 

(225.9) 

210.6 

(202.7) 

214.9 

(184.8) 

245.9 

(234.2) 

328.9 

(295.2) 

322.1 

(235.2) 

354.9 

(241.3) 

382.2 

(252.0) 

Income (% 

>$50,000 per 

year) 

28.74 49.41 48.15 47.92 79.56 76.96 79.41 54.79 

Education (% 

high school or 

less) 

42.53 23.53 23.7 17.19 15.56 11.52 5.15 10.96 

Smoking status 

(% current 

smoker) 

18.39 22.35 20 24.48 15.11 12.04 15.44 10.96 

Disease ( % 

with at least 1) 

3.45 4.71 3.7 4.17 4 2.09 6.62 0 

Medications ( 

% with at least 

1) 

20.69 15.29 14.81 12.5 4.44 2.62 2.21 2.74 

 

 

Year 25 Black Woman n=499 White Woman n=625 

Overall 

Discriminatio

n, Mean (SD) 

3.73 (4.62) 1.37 (2.36) 

Overall 

Discriminatio

n Quartiles 

(score range) 

(0) 

n=16

1 

(1-2) 

n=11

3 

(3-5) 

n=9

3 

(6-

21) 

n=13

2 

(0) 

n=34

7 

(1-2) 

n=15

8 

(3-5) 

n=8

3 

(6-

18) 

n=3

7 

MSBR, mean 

(SD) 

0.73 

(1.8) 

0.87 

(1.8) 

0.50 

(1.8) 

0.52 

(2.0) 

-0.7 (1.9) -0.7 (2.0) -1.0 

(1.7) 

-0.50 

(2.1) 

Age, mean 

(SD) 

49.6 

(3.7) 

49.3 

(4.1) 

49.5 

(1.8) 

50.1 

(3.8) 

50.8 

(3.3) 

51.1 

(3.2) 

51.1 

(3.3) 

50.8 

(2.8) 

Alcohol 

intake, mean 

(SD) ml/week 

23.7 

(47.0) 

37.9 

(96.0) 

27.0 

(64.6) 

52.1 

(121.4) 

75.3 

(100.9) 

72.0 

(98.3) 

81.3 

(117.5) 

36.9 

(62.9) 

BMI, mean 

(SD) 

34.1 

(8.1) 

33.5 

(7.3) 

32.7 

(7.9) 

33.1 

(8.4) 

28.0 

(7.3) 

28.0 

(7.6) 

28.1 

(7.3) 

29.0 

(6.5) 

Diet Score, 

mean (SD) 

63.8 

(11.3) 

66.5 

(11.2) 

66.7 

(10.4) 

70.2 

(11.4) 

77.1 

(12.1) 

78.5 

(11.9) 

80.7 

(10.5) 

75.2 

(11.7) 
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Physical 

activity, mean 

(SD) exercise 

units 

209.1 

(232.8) 

200.1 

(166.2) 

214.4 

(204.9) 

253.7 

(222.5) 

338.2 

(271.8) 

337.4 

(239.3) 

296.0 

(208.6) 

385.7 

(270.8) 

Income (% 

>$50,000 per 

year) 

45.34 51.33 61.29 47.73 84.44 76.58 81.93 67.57 

Education (% 

high school or 

less) 

31.68 20.35 20.43 21.97 12.1 10.76 6.02 13.51 

Smoking 

status (% 

current 

smoker) 

19.25 17.7 18.28 17.42 10.66 5.7 9.64 13.51 

Disease (% 

with at least 1) 

21.74 24.78 20.43 28.79 18.44 18.35 10.84 27.03 

Medications 

(% with at 

least 1) 

48.45 38.94 41.94 44.7 21.61 24.68 20.48 10.81 

 

 

Year 7 

Characteristi

c 

Black Men n=303 White Men n=591 

Overall 

Discriminati

on, Mean 

(SD) 

6.16 (4.69) 1.28 (2.01) 

Overall 

Discriminati

on Quartile 

(Range) 

(0) 

n=40 

(1-2) 

n=42 

(3-6) 

n=89 

(7-20) 

n=13

2 

(0) 

n=32

1 

(1-2) 

n=15

5 

(3-5) 

n=99 

(7-15) 

n=16 

MSBR, 

mean (SD) 

0.2 

(1.8) 

-0.2 

(1.8) 

0.0 

(2.0) 

-0.2 

(1.8) 

-0.3 

(1.7) 

-0.3 

(2.0) 

-0.1 

(1.8) 

-0.4 

(1.4) 

Age, mean 

(SD) 

31.0 

(3.8) 

31.1 

(3.8) 

31.0 

(3.9) 

31.1 

(3.8) 

32.8 

(3.1) 

33.0 

(3.2) 

32.0 

(3.2) 

31.8 

(3.9) 

Alcohol 

intake, mean 

(SD) 

ml/week 

85.5 

(115.

4) 

77.8 

(138.

6) 

92.1 

(173.

8) 

77.8 

(138.

6) 

96.5 

(127.

9) 

89.0 

(130.

7) 

123.0 

(196.

3) 

120.0 

(220.

6) 
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BMI, mean 

(SD) 

27.3 

(5.2) 

26.8 

(5.4) 

27.8 

(4.9) 

26.8 

(5.4) 

26.0 

(4.0) 

25.9 

(4.2) 

26.3 

(3.6) 

25.7 

(3.2) 

Diet Score, 

mean (SD) 

55.2 

(11.9) 

58.9 

(9.4) 

60.7 

(10.5) 

58.9 

(9.4) 

69.6 

(11.3) 

68.5 

(11.0) 

69.9 

(10.3) 

72.1 

(15.9) 

Physical 

activity, 

mean (SD) 

exercise 

units 

484.7 

(393.

0) 

470 

(358.

2) 

460.9 

(328.

8) 

470.1 

(358.

2) 

412.2 

(262.

0) 

400.9 

(268.

5) 

440.3 

(256.

0) 

522.3 

(297.

0) 

Income (% 

>$50,000 per 

year) 

12.5 21.43 30.34 27.27 52.65 47.1 35.35 25 

Education 

(% high 

school or 

less) 

45 23.81 30.34 31.82 14.95 15.48 23.23 37.5 

Smoking 

status (% 

current 

smoker) 

37.5 14.29 25.84 36.36 14.64 16.77 21.21 43.75 

Disease (% 

with at least 

1) 

5 0 4.49 1.52 1.87 2.58 7.07 6.25 

Medications 

(% with at 

least 1) 

0 0 3.37 3.03 1.25 0.65 2.02 0 

 

 

Year 15 Black Men n=303 White Men n=591 

Overall 

Discriminati

on, Mean 

(SD) 

5.57 (4.81) 1.20 (2.09) 

Overall 

Discriminati

on Quartiles 

(Range) 

(0) 

 n=51 

(1-2) 

n=50 

(3-5) 

n=67 

(6-21) 

n=13

5 

(0) 

n=34

2 

(1-2) 

n=14

9 

(3-5) 

n=71 

(6-17) 

n=29 

MSBR, 

mean (SD) 

-0.2 

(1.9) 

0.0 

(1.9) 

0.5 

(2.0) 

0.1 

(1.9) 

-0.4 

(1.8) 

-0.3 

(1.7) 

-0.2 

(1.9) 

-0.2 

(1.8) 
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Age, mean 

(SD) 

39.5 

(3.6) 

38.9 

(4.0) 

39.6 

(3.7) 

40.0 

(3.6) 

40.9 

(3.1) 

40.5 

(3.5) 

40.7 

(3.1) 

39.8 

(3.2) 

Alcohol 

intake, mean 

(SD) 

ml/week 

91.5 

(137.

8) 

72.9 

(146.

4) 

98.3 

(192.

5) 

89.4 

(148.

8) 

105.9 

(171.

9) 

116.8 

(213.

9) 

113.2 

(216.

0) 

97.4 

(146.7

) 

BMI, mean 

(SD) 

28.5 

(7.0) 

29.2 

(5.0) 

30.4 

(6.1) 

28.9 

(5.6) 

27.7 

(4.7) 

27.4 

(4.1) 

27.7 

(4.8) 

28.2 

(4.3) 

 Diet Score, 

mean (SD) 

60.9 

(9.1) 

61.2 

(7.9) 

62.5 

(10.7) 

62.2 

(8.7) 

71.0 

(10.5) 

70.7 

(10.1) 

71.6 

(9.7) 

73.1 

(9.7) 

Physical 

activity, 

mean (SD) 

exercise 

units 

413.8 

(329.

6) 

410.8 

(340.

0) 

470.8 

(329.

9) 

439.4 

(336.

5) 

422.5 

(277.

8) 

448.7 

(264.

5) 

458.5 

(340.

2) 

443.6 

(236.9

)  

Income (% 

>$50,000 per 

year) 

54.9 56 73.13 50.37 80.12 70.47 74.65 62.07 

Education 

(% high 

school or 

less) 

41.18 26 16.42 36.3 12.57 11.41 15.49 24.14 

Smoking 

status (% 

current 

smoker) 

31.37 26 16.42 28.15 11.4 17.45 22.54 10.34 

Disease (% 

with at least 

1) 

1.96 6 1.49 2.22 2.63 2.68 2.82 10.34 

Medications 

(% with at 

least 1) 

1.96 8 10.45 8.89 7.6 9.4 2.82 6.9 

 

Year 25 Black Men n=303 White Men n=591 

Overall 

Discriminati

on, Mean 

(SD) 

3.97 (4.5) 0.67 (1.58) 
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Overall 

Discriminati

on Quartiles 

(score range) 

(0) 

n=93 

(1-2) 

n=60 

(3-5) 

n=60 

(6-21) 

n=90 

(0) 

n=44

5 

(1-2) 

n=92 

(3-5) 

n=39 

(6-14) 

n=15 

MSBR, 

mean (SD) 

0.2 

(1.9) 

0.3 

(1.8) 

0.2 

(2.0) 

0.4 

(1.8) 

-0.5 

(1.8) 

-0.3 

(2.1) 

-0.2 

(1.9) 

-0.5 

(2.1) 

Age, mean 

(SD) 

49.8 

(3.8) 

48.9 

(3.8) 

49.7 

(3.6) 

49.9 

(3.6) 

50.8 

(1.8) 

50.8 

(3.2) 

51.0 

(3.2) 

48.3 

(2.8) 

Alcohol 

intake, mean 

(SD) 

ml/week 

96.1 

(215.

5) 

76.6 

(138.

4) 

94.4 

(148.

7) 

89.3 

(163.

3) 

128.3 

(182.

0) 

135.3 

(267.

3) 

109.8 

(149.

5) 

73.6 

(97.7) 

BMI, mean 

(SD) 

30.2 

(6.7) 

31.3 

(5.9) 

30.1 

(7.4) 

30.8 

(6.4) 

28.7 

(4.6) 

28.6 

(5.2) 

28.6 

(5.0) 

30.1 

(5.7) 

Diet Score, 

mean (SD) 

63.1 

(10.9) 

63.8 

(10.2) 

64.7 

(10.2) 

63.4 

(11.6) 

72.9 

(12.0) 

72.7 

(10.6) 

72.8 

(10.8) 

70.7 

(12.1) 

Physical 

activity, 

mean (SD) 

exercise 

units 

349.7 

(279.

2) 

364.1 

(334.

8) 

453.8 

(358.

1) 

413.4 

(293.

6) 

433.8 

(299.

7) 

471.5 

(272.

5) 

404.3 

(258.

5) 

411.1 

(214.

5) 

Income (% 

>$50,000 per 

year) 

62.37 71.67 61.67 58.89 85.39 79.35 74.36 60 

Education 

(% high 

school or 

less) 

39.78 31.67 25 34.44 11.46 14.13 15.38 33.33 

Smoking 

status (% 

current 

smoker) 

17.2 21.67 21.67 17.78 9.89 10.87 12.82 13.33 

Disease (% 

with at least 

1) 

12.9 18.33 16.67 18.89 15.51 14.13 17.95 13.33 

Medications 

(% with at 

least 1) 

37.63 36.67 40 43.33 31.24 30.43 28.21 33.33 
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The cross-sectional analysis was first limited to participants with complete data at 

each time point (Table 13.), then we further limited the analysis to complete data at 

all time points (n=2018). Results from the multivariate linear models, displayed no 

associations for all groups between the overall cross-sectional relationship between 

self-reported experiences of discrimination and MSBR z-scores at year 7, year 15 

and year 25 (Table 13, 14 and 15.) Parameter estimates by sub-discrimination 

domains were similar. The fixed effect analysis was partitioned into two parts: 

change from year 7 to year 15 and change from year 15 to year 25. The first 

analysis was limited to participants with complete data from year 7 to 15 (n=2,898), 

and second was limited to complete data from years 15 to 25 (n=2,174).  Fixed 

effect regression models estimating changes from year 7 to year 15 in the 

discrimination score were not associated with changes in MSBR z-scores (Table 

16.) Similar results were found in the models estimating differences from year 15 to 

year 25. In general, analyses that assessed the overall discrimination score stratified 

by type of discrimination also showed no associations with change in MSBR (Table 

17.). Trends in adjusted means were assessed and there was no evidence for any 

statistical trends (Table 18. and Supplemental Table 19). Sensitivity analyses 

investigating change amongst only participants with low discrimination at baseline 

and changes in MSBR were similar to the main results (data not shown).   

Table 13. Multivariate Parameter Estimates for the Association Between Self-Reported Experiences of 

Discrimination and MSBR Z-Score, by race/ethnicity–gender group: the CARDIA study (1991–2011). 

 Black Women White Women Black Men White Men 

  (95%CI)  (95%CI)  (95%CI)  (95%CI) 

Year 

7 

β LB UB β LB UB β LB UB β LB UB 
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Overa

ll 

-0.01 -0.03 0.01 0.01 -0.02 0.04 0.00 -0.02 0.02 0.01 -0.03 0.05 

 Race -0.03 -0.08 0.01 0.11 0.01 0.20 0.02 -0.04 0.07 0.01 -0.09 0.12 

 Gend

er 

-0.01 -0.07 0.04 -0.01 -0.06 0.04 0.00 -0.07 0.06 -0.01 -0.10 0.09 

 SES -0.01 -0.06 0.04 0.01 -0.06 0.08 0.00 -0.06 0.06 0.03 -0.06 0.11 

Year 15 

Overa

ll 

-0.01 -0.03 0.01 0.03 0.00 0.06 0.01 -0.02 0.03 0.01 -0.04 0.05 

 Race -0.02 -0.07 0.03 0.11 0.00 0.21 0.05 -0.02 0.11 0.03 -0.09 0.15 

 Gend

er 

-0.01 -0.06 0.04 0.04 -0.01 0.10 -

0.01 

-0.07 0.06 0.02 -0.08 0.11 

 SES -0.01 -0.07 0.04 0.04 -0.04 0.12 0.00 -0.06 0.06 0.00 -0.09 0.09 

Year 25 

Overa

ll 

-0.02 -0.04 0.00 0.00 -0.04 0.04 0.02 -0.01 0.05 -0.01 -0.08 0.05 

 Race -0.05 -0.10 0.00 0.01 -0.12 0.13 0.04 -0.03 0.11 -0.08 -0.25 0.09 

 Gend

er 

-0.03 -0.10 0.03 -0.02 -0.10 0.05 0.05 -0.03 0.14 0.02 -0.15 0.18 

 SES -0.07 -0.13 -0.01 0.05 -0.05 0.14 0.01 -0.07 0.09 -0.02 -0.16 0.11 

*Sample size for Year 7: Black women n=941, White women n=983, Black men n=690, White men n=940. 

*Sample size for Year 15: Black women n=810, White women n=901, Black men n=548, White men 

n=836. *Sample size for Year 25: Black women n=716, White women n=769, Black men n=434, White 

men n=677. 

 

Table 14. Multivariate Parameter Estimates for the Association Between Self-Reported Experiences of Discrimination 

and MSBR Z-Score, by race/ethnicity–gender group: the CARDIA study (1991–2011). (Limited to complete data at all 

three time points n=2,018) 

 Black Women White Women Black Men White Men 

  (95%CI)  (95%CI)  (95%CI)  (95%CI) 

 β LB UB β LB UB β LB UB β LB UB 

Overall 

 Year 7 0.00 -0.11 0.12 0.02 -0.09 0.14 -0.02 -0.18 0.13 0.03 -0.10 0.1

6 

 Year 

15 

-0.01 -0.03 0.02 0.04 0.00 0.08 0.01 -0.05 0.06 0.01 -0.05 0.0

6 

 Year 

25 

-0.01 -0.04 0.02 -0.01 -0.05 0.04 0.02 -0.02 0.05 -0.01 -0.08 0.0

6 

Sub-domains  

Racial             

 Year 7 0.00 -0.15 0.14 0.14 -0.01 0.29 -0.02 -0.24 0.19 -0.01 -0.18 0.1

6 

Year 15 -0.04 -0.10 0.03 0.20 0.06 0.34 0.09 0.00 0.17 0.03 -0.13 0.1

8 

Year 25 -0.02 -0.08 0.05 0.01 -0.14 0.16 0.03 -0.05 0.11 0.03 -0.05 0.1

1 

Gender             
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Year 7 0.06 -0.10 0.22 0.00 -0.15 0.15 -0.07 -0.27 0.12 -0.16 -0.36 0.0

4 

Year 15 -0.01 -0.07 0.06 0.05 -0.02 0.12 -0.01 -0.09 0.07 -0.01 -0.12 0.1

1 

Year 25 0.00 -0.08 0.07 -0.05 -0.13 0.03 0.09 -0.01 0.18 0.02 -0.16 0.1

9 

SEP             

Year 7 0.02 -0.12 0.16 0.03 -0.11 0.18 -0.06 -0.24 0.11 0.10 -0.06 0.2

6 

Year 15 -0.01 -0.08 0.06 0.03 -0.07 0.14 0.02 -0.06 0.11 0.01 -0.09 0.1

1 

Year 25 -0.05 -0.12 0.03 0.04 -0.07 0.15 0.01 -0.08 0.10 -0.01 -0.16 0.1

4 

 

Table 15. Adjusted Means of Multi-System Biological Risk Index, (95% CI) by Overall 

Discrimination Experiences for year 7, 15, and 25, by race/ethnicity–gender group: the 

CARDIA study (1991–2011). 

 Black Women White Women Black Men White Men 

   (95%CI)  (95%CI)  (95%CI)  (95%CI) 

 Mean LB UB Mean LB UB Mean LB UB Mean LB UB 

Yea

r 7  
             

1 0.74 0.14 1.35 0.58 -0.05 1.21 1.03 0.18 1.89 1.48 0.93 2.02 

2 1.14 0.55 1.73 0.84 0.23 1.46 0.95 0.08 1.81 1.51 0.94 2.07 

3 0.98 0.43 1.54 0.50 -0.12 1.12 0.91 0.15 1.66 1.57 1.01 2.14 

4 0.88 0.32 1.44 0.95 0.26 1.63 0.94 0.18 1.70 1.44 0.62 2.26 

Yea

r 15 
             

1 1.02 0.63 1.40 -0.18 -0.57 0.20 0.78 0.15 1.41 0.05 -0.28 0.38 

2 0.92 0.53 1.31 0.00 -0.40 0.39 0.83 0.21 1.46 0.21 -0.14 0.57 

3 0.72 0.36 1.07 0.14 -0.27 0.55 1.12 0.52 1.71 0.17 -0.25 0.60 

4 0.99 0.68 1.29 0.09 -0.38 0.56 0.99 0.46 1.53 0.11 -0.44 0.65 

Yea

r 25 
             

1 0.81 0.55 1.08 -0.39 -0.63 -0.14 0.64 0.27 1.01 -0.05 -0.31 0.20 

2 1.12 0.83 1.42 -0.41 -0.68 -0.13 0.43 0.01 0.85 0.06 -0.29 0.41 

3 0.90 0.59 1.22 -0.62 -0.96 -0.28 0.57 0.18 0.95 0.16 -0.30 0.63 

4 0.90 0.64 1.16 -0.34 -0.80 0.11 0.73 0.39 1.06 -0.53 -1.24 0.19 

 

Table 16. Fixed Effects Parameter Estimates for the Association of Overall Self-Reported 

Experiences of Discrimination and Change in MSBR Z-Score, by race/ethnicity–gender 

group: the CARDIA study (1991–2011)  

 Black Women White Women Black Men White Men 

  β  (95%CI) β  (95%CI) β  (95%CI) β  (95%CI) 

  LB UB LB UB  LB UB LB UB 

Years 

 (7-15) 

-0.04 -0.10 0.02 0.06 0.00 0.13 0.01 -0.06 0.09 0.02 -

0.05 

0.10 

Years 0.04 -0.04 0.11 0.02 -0.06 0.10 0.02 -0.08 0.11 -0.01 -

0.10 

0.09 
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(15-

25) 
All Models adjusted for year, center*year, age, milliliters of alcohol per week, BMI, smoking status, 

disease status, medication status, income status, education, physical activity. Year 15 to 25 models 

additionally adjusted for Year 7 discrimination score. 

 

Table 17. Fixed Effects Parameter Estimates for the Association of Sub-Domain Self-Reported 

Experiences of Discrimination and Change in MSBR Z-Score, by race/ethnicity–gender group: the 

CARDIA study (1991–2011) 

 Black Women White Women Black Men White Men 

  β  (95%CI) β  (95%CI) β  (95%CI) β  (95%CI) 

 Sub-

domai

ns 

LB UB LB UB LB UB  LB UB 

Racial             

 (7-15) -

0.07 

-0.16 0.01 0.10 -0.01 0.21 0.04 -0.07 0.15 -

0.03 

-0.14 0.07 

 (15-

25) 

0.06 -0.04 0.15 0.08 -0.04 0.20 0.05 -0.08 0.18 0.06 -0.07 0.19 

Gender             

 (7-15) -

0.04 

-0.12 0.05 0.06 -0.02 0.14 -

0.04 

-0.14 0.06 0.05 -0.06 0.16 

 (15-

25) 

0.02 -0.07 0.12 -

0.01 

-0.10 0.08 0.00 -0.12 0.13 -

0.02 

-0.16 0.11 

SEP             

 (7-15) 0.00 -0.08 0.08 0.02 -0.07 0.11 0.06 -0.03 0.16 0.04 -0.05 0.14 

 (15-

25) 

0.06 -0.04 0.17 -

0.03 

-0.16 0.09 0.00 -0.14 0.13 -

0.07 

-0.22 0.07 

All Models adjusted for year, center*year, age, milliliters of alcohol per week, BMI, smoking status, 

disease status, medication status, income status, education, physical activity. . Year 15 to 25 models 

additionally adjusted for Year 7 discrimination score. 

 

Table 18. Adjusted Mean Change in Multi-System Biological Risk Index, (95% CI) by Overall 

Discrimination Experiences for year 7, 15, and 25, by race/ethnicity–gender group: the CARDIA 

study (1991–2011) 

  Black Women White Women Black Men White Men 

   (95%CI)  (95%CI)  (95%CI)  (95%CI) 

  Mean LB UB Mean LB UB Mean LB UB Mean LB UB 

 Year (7-15)  

1 0.97 0.73 1.21 -0.51 -0.77 -0.24 0.43 0.10 0.76 -0.13 -0.33 0.08 
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2 1.05 0.83 1.27 -0.33 -0.59 -0.08 0.39 0.09 0.70 -0.04 -0.26 0.17 

3 0.82 0.60 1.03 -0.36 -0.63 -0.10 0.53 0.23 0.83 -0.06 -0.31 0.19 

4 0.92 0.72 1.13 -0.31 -0.60 -0.01 0.45 0.17 0.73 -0.11 -0.44 0.21 

 Year (15-25)  

1 0.63 0.41 0.85 -0.63 -0.82 -0.45 0.36 0.06 0.66 -0.13 -0.32 0.06 

2 0.75 0.54 0.96 -0.57 -0.77 -0.37 0.47 0.17 0.78 -0.25 -0.48 -

0.03 

3 0.75 0.54 0.95 -0.53 -0.74 -0.31 0.48 0.19 0.77 -0.25 -0.52 0.03 

4 0.78 0.59 0.98 -0.66 -0.93 -0.39 0.46 0.20 0.72 0.06 -0.33 0.45 

All Models adjusted for year, center*year, age, milliliters of alcohol per week BMI, smoking status, 

disease status, medication status, income status, education, physical activity. Year 15 to 25 models 

additionally adjusted for Year 7 discrimination score. 

 

 Table 19. Adjusted Mean Change in Multi-System Biological Risk Index, (95% CI) by Sub-

Domain Discrimination Experiences for year 7, 15, and 25, by race/ethnicity–gender group: the 

CARDIA study (1991–2011). 

 Black Women White Women Black Men White Men 

  (95%CI)  (95%CI)  (95%CI)  (95%CI) 

 Mea

n 

LB UB Mea

n 

LB UB Mean LB UB Mea

n 

LB UB 

Racial (7-15)  

1 1.02 0.80 1.24 -0.44 -0.68 -0.19 0.42 0.10 0.74 -0.09 -0.29 0.11 

2 0.96 0.74 1.19 -0.23 -0.50 0.04 0.38 0.07 0.69 -0.07 -0.29 0.15 

3 0.88 0.68 1.08 -0.37 -0.71 -0.03 0.48 0.21 0.76 -0.22 -0.52 0.07 

Racial (15-25)  

1 0.65 0.45 0.85 -0.46 -0.70 -0.22 0.35 0.07 0.64 -0.12 -0.40 0.17 

2 0.77 0.55 0.99 -0.33 -0.60 -0.06 0.35 0.01 0.68 -0.23 -0.56 0.11 

3 0.76 0.58 0.95 -0.35 -0.65 -0.04 0.45 0.19 0.72 0.10 -0.25 0.45 

Gender (7-15)  

1 0.94 0.73 1.15 -0.46 -0.72 -0.20 0.49 0.20 0.77 -0.11 -0.30 0.09 

2 0.99 0.79 1.20 -0.35 -0.60 -0.10 0.43 0.14 0.73 -0.07 -0.29 0.15 

3 0.87 0.66 1.08 -0.34 -0.61 -0.08 0.41 0.11 0.71 0.01 -0.30 0.32 

2 0.74 0.54 0.93 -0.64 -0.84 -0.44 0.60 0.32 0.88 -0.42 -0.68 -0.15 

3 0.73 0.53 0.92 -0.59 -0.81 -0.38 0.42 0.14 0.69 -0.05 -0.42 0.31 

SEP (7-15)  

1 0.94 0.74 1.14 -0.40 -0.65 -0.16 0.41 0.13 0.69 -0.11 -0.30 0.09 

2 0.90 0.67 1.13 -0.31 -0.58 -0.03 0.42 0.10 0.73 -0.01 -0.25 0.23 

3 0.95 0.73 1.17 -0.40 -0.69 -0.10 0.54 0.25 0.83 -0.06 -0.32 0.20 

SEP (15-25)  

1 0.72 0.54 0.90 -0.54 -0.74 -0.35 0.42 0.15 0.68 -0.01 -0.23 0.20 

2 0.79 0.57 1.00 -0.41 -0.64 -0.19 0.39 0.07 0.71 -0.18 -0.43 0.08 

3 0.85 0.61 1.09 -0.78 -1.08 -0.47 0.42 0.10 0.74 -0.03 -0.40 0.34 
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All Models adjusted for year, center*year, age, milliliters of alcohol per week BMI , smoking 

status, disease status , medication status, income status , education, physical activity . Year 15 to 

25 models additionally adjusted for baseline discrimination score. 

 

Discussion 

Overall, we found no association between discrimination or changes in 

discrimination, and MSBR in the CARDIA cohort.   

This study provides novel data on the topic of discrimination and objectively 

measured health risk factors, as we were able to examine discrimination and change 

in discrimination with MSBR. A previous CARDIA study assessed whether a 

change in self-reported experiences of racial/ethnic discrimination predicts changes 

in waist circumference and body mass index over time using a fixed-effects 

regression over eight years. They found that increased discrimination was 

associated with an increase in waist circumference and an increase in body mass 

index was among Black women only.408  Another study by Kershaw et al., 

examined the cross-sectional relationship of lifetime and everyday discrimination 

with inflammation, specifically interleukin-6 and CRP. 409 They found that higher 

levels of discrimination measures were associated with higher IL-6 in women only, 

however associations were attenuated after adjustment for BMI. 

The Black Women's Health Study  analyzed data from n=59,000 African-American 

women to examine the association between everyday racism and lifetime racism 

and self-reported incident type 2 diabetes, after 16 years of follow up.316 After 

adjustment for confounders, compared with women in the lowest quartile of 
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exposure, those in the highest quartiles had a 31% and 16% increased risk of 

diabetes due to everyday and lifetime racism.316 Furthermore, in a mediation 

analysis they found that BMI accounted for half of the association between the 

racism measure and incident diabetes.316 Of note, this same cohort conducted 

another study that found no association between perceived experiences of racism 

and all-cause mortality319.  This study adds to this body of research by assessing 

both black and white participants, change in the exposure over time, as well as 

expanding domains of discrimination assessed to socioeconomic position and 

gender discrimination, which provides stronger inference for all domains assessed 

since there was very little racial discrimination reported in white participants in 

CARDIA.  

Previous studies in CARDIA have documented that racial discrimination 

may influence both healthy and unhealthy behaviors in both black and white 

participants.366  In this study, those who reported high levels of discrimination were 

more likely to report higher physical activity. It was theorized that these behaviors 

may serve as a coping mechanism to help buffer or reduce the stress of 

discrimination.366 We also observed that black participants who reported high levels 

of discrimination also reported higher education and income versus those who 

experienced less discrimination.366 For white participants we observed the opposite, 

lower education and income. Both groups reported higher alcoholic intake.  Thus, it 

was speculated that in the same way individuals may engage in unhealthy behaviors 

such as smoking or excessive alcohol consumption to cope with discrimination, 

many individuals may also utilize resources to reduce stress and engage in healthy 
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behaviors, including exercise.   

This study examined if there was an association between increased 

experiences of discrimination and MSBR, above and beyond health behaviors. 

Therefore, we adjusted for measured health behaviors associated with increases in 

MSBR over time as time varying covariates. Multi-system biological risk is a 

composite index representing the underlying biological relationship between 

chronic stress and burden of disease.301,384,394 Previous research has demonstrated 

inverse associations between higher levels of allostatic load indices and cognition, 

sleep, physical function, socioeconomic status, disadvantaged neighborhoods, and 

increased risk for cardiovascular outcomes and mortality.63,106,107,374,384,395  This 

analysis used this tool versus self-reported stress as an objective measure of stress; 

this may provide a clinically meaningful assessment of overall health where 

preventive measures may be taken to reduce this risk.  

Of note, the use of longitudinal panel data allowed us to investigate whether 

changes in self-reported experiences of discrimination were associated with changes 

in MSBR while controlling for time varying confounders. Although models were 

sex and race stratified, utilizing a fixed-effects regression model potentially reduces 

bias further, as this approach focuses on within-person variation. This therefore 

provides control for both measured and unmeasured time-invariant covariates.409  

There are also several limitations to note. The biomarker measurement of 

allostatic load in epidemiological studies is not uniform and appears to be based on 

the availability of data across studies, making them somewhat of a challenge to 

compare. Although a fixed effect modeling approach was used, there may still be 
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residual confounding by unmeasured time-varying factors.  Also, although retention 

rates in CARDIA are high especially for a longitudinal study of this size, attrition 

over time could bias our results, particularly when utilizing a complete case 

analysis. Furthermore, the exclusion of CARDIA participants due to missing data 

on at least one of the biomarkers may have influenced our results. The Cronbach’s 

alpha for the EOD index was much lower for White women and men, therefore this 

may have decreased the ability to detect meaningful associations in this group. 

Also, the instrument does not specify a time frame of the discrimination experience 

except “lifetime,”, which requires assumptions for the analysis of change in 

discrimination experiences; and could also reflect evolving views of life 

experiences related to discrimination rather than new experiences over time.  Lastly, 

a simple measure of biomarkers in relation to social constructs such as 

discrimination may not capture the complex influence as a potential stressor of 

different biologic systems. 

In conclusion, the findings of this study demonstrate no association between 

discrimination, changes in the number of experiences of discrimination and MSBR.  

Furthermore, it does not support the hypothesis that increased self-reported 

experiences of discrimination are associated with increased MSBR in a cross-

sectional or prospective manner.  Future research with more specific assessment of 

discrimination time periods, and nature of the discrimination within each domain 

will inform this topic; as well as more granular analyses that examine the impact of 

discrimination on modifiable factors of health (i.e. psychosocial, lifestyle choices, 

and clinical).   
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Conclusions and Public Health Significance 

Both psychosocial stress and disease can jointly work together to influenced 

biological vulnerability and premature mortality.   However, identifying high risk 

individuals and preventative use of resources, social support and healthy health 

behaviors may be useful for reducing stress related health outcomes and may 

influence the course of chronic diseases. 

Studies regarding stress and health, in human studies are difficult to 

execute; they also suffer from a variety of biases leading to inconsistent evidence. 

Furthermore, the complex nature of the perception of stress, makes assessment of 

this exposure difficult in humans. In the practical sense, allostatic load is 

operationalized as a metric of health risk used to express shared physiologic 

variance in multiple biological systems.81,122 We utilized the MSBR index to 

represent pre-clinical exposure to secondary damaging effects on multiple systems. 

Our results suggest that, by way of immune and cardiovascular risk factors, the 

MSBR index strongly predicts increased cancer mortality risk, specifically 

amongst overweight and obese individuals in the NHANES III. We also observed 

a strong, positive association between MSBR, and risk for mortality in adults after 

an average follow up of 14 years in the JHS cohort. In conclusion, the findings of 

this study demonstrate no association between discrimination, changes in the 

number of experiences of discrimination and MSBR.  Lastly, the findings of the 

CARDIA study demonstrate no association between discrimination, changes in the 

number of experiences of discrimination and MSBR.  Furthermore, it does not 

support the hypothesis that increased self-reported experiences of discrimination are 
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associated with increased MSBR in a cross-sectional or prospective manner.  Future 

research with more specific assessment of discrimination time periods, and nature 

of the discrimination within each domain will inform this topic; as well as more 

granular analyses that examine the impact of discrimination on modifiable factors 

of health (i.e. psychosocial, lifestyle choices, and clinical).  Therefore, the use of the 

MSBR index, a measure of AL, may potentially be relevant for elucidating relevant 

pathways regarding disease risk. In particular the metric may be useful for guiding 

researchers towards relevant pathways by which factors may influence 

physiological functioning and harbor environments conducive to aggressive cancer 

outcomes.  It may also have clinical utility, where this index may be a useful 

practical screening tool for high-risk individuals, highlighting early points to 

intervene and potentially prevent premature death, particularly amongst those at 

high risk amongst young age groups as well as overweight and obese individuals. 

Understanding and including the social context of an individual while 

assessing their health may improve upon aspects of the social determinants health, 

which so strongly dictate health and quality of life. Therefore, the integration of 

social factors that may influence health-related behaviors and health status by the 

promotion of well-known positive lifestyle changes and the development of 

prevention strategies that influence relevant communities. Furthermore, innovative 

research strategies that examines the complexity of the social determinants of health 

are strongly needed.  
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