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Abstract

This article provides an overview of the integration of biomarkers and biological mechanisms in
social science models of stratification and health. The goal in reviewing this literature is to
highlight research that identifies the social forces that drive inequalities over the life course and
across generations. The article is structured in the following way. First, descriptive background
information on biomarkers is presented, followed secondly by a review of the general theoretical
paradigms that lend themselves to an integrative approach. Third, the biomarkers used to capture
several biological systems that are most responsive to social conditions are described. Fourth,
research that explicates how social exposures “get under the skin” to affect physiological
functioning and downstream health is discussed, using socioeconomic disadvantage as an
illustrative social exposure. The review ends with emerging directions in the use of biomarkers in
social science research. This article endeavors to encourage sociologists to embrace biosocial
approaches in order to elevate the importance of social factors in biomedical processes and to
intervene on the social conditions that create inequities.
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Introduction

In the last few decades, the field of sociology has progressed from one that approached the
role of biology in social and behavioral research with trepidation and hostility (see Duster
1990, Freese et al. 2003, Massey 2004) to one in which leading social science studies and
sources of data explicitly incorporate biology in their research designs, theoretical models,
measurement strategies and analysis of social and behavioral phenomena (Harris 2010,
McDade 2008, Singer & Ryff 2001).

This development is due to several recent trends. The study of human behavior and social
interactions has historically held the view that humans are biological beings embedded
within social contexts, including families, peer networks, communities, and institutions.
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While social scientists recognize biological components in the social and behavioral
processes that they study, much of their focus is on the role of the social world, leaving
biology in a “tightly closed ‘black box’” (Bury 1997, Timmermans & Haas 2008). This
focus was reinforced by a uni-disciplinary approach and available data that was primarily
social in nature—coming from large social surveys of individuals or organizations,
government and federal databases, and ethnographic studies (Levine 1995).

The push for multi- and inter-disciplinary research—both from individual researchers
seeking to address complex societal problems with expertise outside their disciplinary
training and from university and government funding sources—changed the landscape of
scholarship for social scientists (Enhancing the Effectiveness of Team Science 2015, Jacobs
& Frickel 2009, Massey 2004, Porter & Rafols 2009, Singer & Ryff 2001, Wuchty et al.
2007). The more we learned how context mattered for such outcomes as educational
attainment, relationships and health, the more we realized how context mattered for the
human biology underlying these outcomes. Ignoring the black box of biology meant that
social scientists were missing the interplay of social conditions and underlying physiological
processes related to health inequalities. For example, the social gradient in health and
longevity has been documented across both time and place since the 17t century (Graunt
1662), but only recently have social scientists begun to make headway in explaining the
social pathways that create this gradient (Adler & Ostrove 1999, Adler et al. 1994, Marmot
etal. 1997, Wolfe et al. 2012). To better understand the development of social stratification
processes and health outcomes, there was increasing recognition of the need to uncover the
social and biological linkages involved in these processes. Furthermore, the potential ability
to intervene on social factors that could alter biological mechanisms to reduce social
stratification and improve the health and wellbeing of individuals and societies was
especially compelling motivation to integrate biology in social science research.

Around the same time that theoretical and conceptual interest was growing in the role of
biology in social stratification and health research, technological advances in survey field
methods for the collection of biological data began to rapidly develop (Harris & McDade
2018, Karlamangla et al. 2012). Historically, community- and population-based research in
the social sciences has relied on vital records or self-reported, survey-based measures of
health and well-being (Crimmins & Vasunilashorn 2016, Timmermans & Haas 2008). This
information is readily assessable, but insight into biological processes is limited. Moreover,
self-reported health measures are inherently subjective, confounding physiological with
psychological and emational well-being (Altman et al. 2016, Franks et al. 2003), and the
subjectivity of self-rated health varies by characteristics of the individual (Ferraro & Farmer
1999). In contrast, biomedical research employs in-depth biological measures collected in
controlled clinical or laboratory settings, but typically relies on smaller, select groups of
participants based on pre-existing criteria. Generalizability and external validity are limited,
and social factors are generally not considered, beyond standard measures of socioeconomic
status or self-reported health behaviors. Methodological options for collecting and
generating biological data have expanded greatly over the past 15 years, allowing us to
bridge this gap (Weinstein et al., 2007). Low cost, noninvasive, “field-friendly” options for
collecting blood, saliva, urine and other specimens in the home or local community have
allowed investigators to gain access to physiological information from large numbers of
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survey participants in naturalistic settings (Adam & Kumari 2009, Finch 2010, McDade et
al. 2007). Measures based on such biological specimens are typically referred to as
“biomarkers.”

Today, social scientists need not fear the integration of biology, biomarkers, and biological
mechanisms in social science models of stratification and health. As social stratification and
health researchers, our goal remains the same—to identify the social forces that drive
inequalities over the life course and across generations. The social researcher holds the
ability to allay previous concerns that including biology in social science models will
privilege biological explanations or foster a determinism that is not receptive to intervention
or change. By including biological data that accurately measure biological phenomena and
modeling social-biological linkages grounded in biological theory, we inform the biomedical
field and the public of the important role that social factors play in health and wellbeing.
Ultimately, attention to biology enables social scientists to illuminate the mechanisms
through which social, economic, and psychological factors shape human development and
wellbeing within the contexts of everyday life.

This literature review focuses on the integration of biological data, measures, and
mechanisms in research on social stratification and health. We have chosen this focus
because of the long tradition and rich history of social science research on the social
determinants of health and behavior, and, at the same time, the rising importance of health as
a factor in social stratification (Adler et al. 1994, House 2002, House et al. 1994, Link 2008,
Link & Phelan 1995, Marmot et al. 1991, Palloni 2006, Smith 1999, Williams 2003).
Moreover, this area of research is especially illustrative of an integrative approach with
cogent theoretical pathways for how the social environment influences biological systems,
which in turn, influence health, social status, and well-being. While the incorporation of
biological measures in social science research has included promising developments in
understanding the interplay of genetic and environmental factors in shaping health
(American Journal of Public Health 2013, Conley 2016), this review focuses on
physiological outcomes across immune, cardiovascular, and metabolic systems. We first
provide some descriptive background information on biomarkers, including the benefits of
using biomarkers, their history, and current state in social stratification and health research.
We discuss some practical considerations in the collection of biomarkers by social science
field studies and their use in research. We review the general theoretical paradigms that
provide effective frameworks for integrating biological mechanisms measured by
biomarkers, including life course and stress response models. We then discuss the main
biological systems inside the body that are most responsive to social conditions outside the
body and the biomarkers typically used to measure system functioning (and dysregulation).
We then review the literature for how social exposures “get under the skin” to affect
physiological functioning in fundamental biological systems, using socioeconomic
disadvantage as an illustration of the social exposure. We conclude our review with
emerging directions in the use of biomarkers in social science research.
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Biomarkers in Social Stratification and Health Research

In a social survey field setting, objective health measures are those derived from the
collection of biospecimens or through physical measurement by trained and certified
personnel (e.g., interviewers or phlebotomists) following standardized protocols. We refer to
these objective measures as “biomarkers” or “biological markers” of (ab)normal biological
states resulting from underlying (patho)physiological processes (Halpern et al. 2014, Piazza
et al. 2010). Of importance for social scientists, biomarkers represent biological indicators of
health r7sks that are known to be associated with current or future disease (Crimmins &
Seeman 2004). By identifying risk, biomarker measures enable researchers to identify the
causes of health risk before permanent biological damage is done and point to social or
medical interventions to prevent future disease, promote wellbeing and reduce disparities.

Integration of biomarkers in social science research has theoretical, methodological, and
measurement benefits. Social stratification and health processes occur both outside the body
through the social and physical environment and life experience, and inside the body
through neurological and physiological function. Use of biomarker data enables researchers
to therefore model what happens to individuals both outside and inside the body as they
experience social relationships, life events, and diverse environments throughout all
developmental stages of the life course. Decades of research show that social circumstances
affect health (Adler et al. 1994, Crimmins & Seeman 2004, House et al. 1988, Marmot et al.
1991, Timmermans & Haas 2008, Umberson et al. 2010, Wolfe et al. 2012), implying a
social pathway that involves biological systems inside the body. Biomarkers enable social
researchers to map the pathways by which the social world comes to be embodied within the
biological being to influence physiological functioning. For example, if living in poverty is
associated with poor health, understanding how and when exposure to poverty operates to
“get under the skin” and disrupt normal functioning of biological systems will elucidate the
biological mechanisms linking poverty experiences with a poor health outcome.

Importantly, identifying health risks through the use of biomarker measures provides the
opportunity to intervene on the upstream social causes of health risk before chronic illness
and frank disease are manifest. In addition, the incorporation of biomarker data in
sociological research helps to illuminate the ways in which the timing, duration, and
magnitude of particular social exposures such as poverty or social isolation uniquely shape
physiological states and health trajectories. For example, exposure to poverty in childhood
may have unique physiological costs during certain stages of physical development that
would not be observed among those who experienced poverty during a different life stage.
Many of our sociological theories for the development of social stratification and health
inequities can be better tested with the integration of biomarkers as physiological indicators
of health risk in response to social conditions (reviewed further below).

There are several measurement and methodological benefits to the use of biomarkers. First,
biomarkers provide objective measures of health, devoid of subjective feelings of well-
being. To understand what’s going on “under the skin,” you need “under the skin” measures,
available through the collection of biological specimens or physical measurements (e.g.,
anthropometric, blood pressure). Second, although self-reported health measures vary in
quality, they generally underestimate health risks that go undetected or for which symptoms
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do not appear early or consistently; this is especially true among young, otherwise healthy
populations (Harris 2010, Kehoe et al. 1994, Timmermans & Haas 2008). For example,
when participants in the Add Health cohort! were aged 24-32, 19% were hypertensive
according to their measured blood pressure, but only three-fourths knew of their condition
through a self-report of diagnosed hypertension (Nguyen et al. 2011). Third, socioeconomic
status, race, ethnicity, nativity, and language proficiency influence knowledge of health,
symptoms and disease, access to diagnostic services, and understanding of health
questionnaires. Consequently, self-reported health survey data can vary in ways unrelated to
the underlying physiological functioning (Crimmins & Seeman 2004, Dowd & Zajacova
2010). Disparities based on biomarker measures of health risk by these characteristics
provide a more objective comparison of underlying physiological functioning and
furthermore serve to identify at risk populations. Fourth, biomarkers can be used to validate
self-reports of health conditions or calibrate how well self-assessed health matches objective
health (Mcdade et al. 2007). Overall, as objective measures of health, biomarkers are more
valid measures of physiological function “under the skin” and therefore physical health
(McDade et al. 2007, Piazza et al. 2010).

History and current state of biomarkers in social stratification and health research

Although biomarkers have been the staple of clinical trials and biomedical research, their
use in the social sciences is relatively recent. Calls for the integration of biology within
social sciences have occurred sporadically since the 1990s, but became more frequent at the
turn of the 215t century (e.g., (Freese et al. 2003, Fremont & Bird 1999, Harris 2010, Levine
1995, Singer & Ryff 2001, Timmermans & Haas 2008, Zerhouni 2003). Until biological
data were widely available in social science surveys, however, these calls were primarily
theoretical. Researchers in medical sociology were most prominent advocates for a greater
understanding of biological systems and function in social studies of health and disease
(Levine 1995). Public health research, probably the closest scholarship to medical sociology,
provided the impetus for the integration of biomarkers within social science studies.
Borrowing from the biomedical approach, public health studies often collected biological
data in clinical settings, typically at several selected sites, and then supplemented these data
with survey and other observational data gathered in a community setting (Wallace 2008).
The survey data are often referenced as “population-based” data: that is, data on a
population in which collection occurs “outside the clinic.” Most public health and
epidemiological studies do not use probability sampling or representative samples (e.g.,
Women’s Health Initiative [WHI], Reasons for Geographic and Racial Differences in Stroke
[REGARDS], Atherosclerosis Risk in Communities Study [ARIC], the Coronary Artery
Risk Development in Young Adults [CARDIA]), although some samples are representative
of local homogeneous populations (e.g., Framingham Heart Study).

The integration of biomarkers in social science studies has a different set of design priorities.
The study design and sampling strategy for the population of substantive interest and to
which findings will be generalized is the primary driver of social science studies and
surveys. The acquisition of relevant biological data that can subsequently augment the social

INational Longitudinal Study of Adolescent to Adult Health, see www.cpc.unc.edu/addhealth.
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data on survey participants is then a secondary design feature that enables the integration of
biomarkers in social science research.

Perhaps the most influential study that led to the promotion of biomarker data collections in
representative social science studies was the National Health and Nutrition Examination
Study (NHANES), which merged these two contrasting approaches. NHANES is conducted
under the auspices of the National Center for Health Statistics, the federal agency for the
collection and reporting of population health data and statistics. NHANES uses a clustered
probability sampling design to select a cross-sectional, nationally representative sample of
the civilian non-institutionalized population of all possible ages beginning in 1971.
Following the survey administration, adult participants then receive a detailed health
examination, which includes a wide battery of biological and physical measurements. The
health exam is conducted by medical professionals in a traveling mobile exam van (called a
mobile examination center, see https://www.cdc.gov/nchs/newsletter/2013 January/a2.htm)
fully equipped for the collection of clinic-standard measures. The mobile examination vans
travel around the country so that survey participants have access to the exam center.
However, travel to the exam center can be burdensome for those with financial, work or
disability constraints, leading to potential attrition bias in the biomarker subsample.

NHANES therefore merged the two different approaches of public health and social science
by achieving a probability sample of the national population of all ages with clinical
biological measures for statistical and research purposes. NHANES is considered the gold
standard for population health data in the U.S., documenting key trends in health status by
age and other demographic characteristics for federal reporting and programmatic purposes.
The limited but valuable socioeconomic variables, however, opened the door for rising social
scientific interest, especially in the social determinants of health (Dowd et al. 2009,
Geronimus et al. 2006, Kanjilal S et al. 2006, Loucks et al. 2007). NHANES was
furthermore responsive to this interest and has continued to add survey items on social
factors hypothesized to affect health such as social support and social isolation (Ford et al.
2006, Yang et al. 2013).

It has only been in the last few decades that research incorporating biological data appeared
in research articles within social sciences (Brunner et al. 1997, James et al. 1992, Marmot et
al. 1991, Winkleby et al. 1992). Scholars studying aging were some of the first to collect
biomarkers in their surveys to strengthen and complement self-reported data on health and
aging (see National Research Council 2000, 2008). Still, many of these studies were either
international, confined to one state or large city, or collected biomarkers in an adjacent
clinical setting rather than in the field.

Biomarkers did not enter mainstream national social surveys until the 2000s when the
National Longitudinal Study of Adolescent to Adult Health (Add Health) along with the
aging studies of National Survey of Midlife Development in the United States (MIDUS), the
Health and Retirement Survey (HRS), and the National Social Life, Health, and Aging
Project (NSHAP) launched broad-based biomarker collections. In 2001, Add Health
collected urine and saliva from its 15,000+ participants across the U.S. to test for sexually
transmitted infections and HIV, and also collected buccal cell DNA on its embedded genetic
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sample (Add Health also collected DNA in 1996 to test for the zygosity of some of its
twins). Add Health, HRS and NSHAP collected blood pressure and blood spots from a
finger prick in the mid- to late-2000s for biomarkers of diabetes, inflammation, cholesterol,
and immune function. Methodological developments for the collection of biospecimens in a
field setting that were robust to temperature and time constraints for shipping and processing
in a lab made this nationwide biomarker collection possible (Adam & Kumari 2009,
Crimmins et al. 2010, McDade et al. 2007, Weinstein et al. 2007). Developments in assay
technology facilitated the measurement of proteins, gene transcripts, epigenetic marks, and
DNA sequences with higher resolution in smaller quantities of specimens, at increasingly
lower costs (Dedeurwaerder et al. 2011, McDade et al. 2016). Portable devices and low-cost
monitors facilitate assessment of sleep, physical function and activity, blood pressure, and
body size and composition (Lindau & McDade 2008, Marino et al. 2013, Piazza et al. 2010).

Practical considerations of biomarker collection and use—The principal
investigators and directors of major social and demographic field studies that collect and
disseminate biomarkers face numerous costly and logistical challenges. The integration of
biomarker data in national studies has many financial costs. Equipment and supplies are
needed for measuring, collecting, storing, shipping, and processing. For example, scales
with acceptable levels of accuracy and upper range bounds are needed to measure weight.
Tubes and syringes are needed for venous blood collection, and materials to keep specimens
cold may be needed for packaging and shipment. To obtain clinical-like measures, specific
and complex protocols are often needed to be carried out by specialized field personnel (e.g.,
nurses or phlebotomists to collect venous blood) or lay interviewers with extensive training
(e.g., to conduct skinfold measurements or collect blood spots), increasing costs of
measurement. There are laboratory costs to receive, store, and process specimens and to
measure the marker of interest. These costs can vary substantially, depending on the
biomarker and technology to be used.

The standardization of equipment and protocols can be logistically challenging in a natural
field setting where specimens and measurements are being collected in individuals’ home or
places of work, study, and leisure. For example, the Add Health protocol for finger prick
whole blood spot collection required the interviewer to: clean the respondent’s middle or
ring finger with an alcohol prep pad; apply a tourniquet to the arm; prick the finger with a
lancet and wipe away the 15t drop of blood; drop (ideally) 7 blood spots onto a special
collection card, ensuring that the finger did not touch the card and that the blood spot
saturated the collection circle on the card; air dry the sample over desiccant for three hours;
then package and FedEx the sample to the lab on the same day as collection with a secure
biospecimen ID that differs from the field interviewer ID (Whitsel et al. 2012a,b).

Training and re-training certified interviewers or field examiners to follow standardized
collection protocols is costly yet vital to the validity and reliability of biomarker measures
(Halpern et al. 2014). Studies that use different methods or equipment to collect the same
measure, such as blood pressure, height or weight, will not provide reliable and valid
measures that allow for within or across-study comparisons. Many of the leading national
surveys conduct extensive quality control and quality assurance procedures to examine and
document the quality of the biomarker data they collect and produce, including calibration
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analysis, external and internal validation studies, and intra-individual reliability analysis
(e.g., collect repeat biomarker measures on the same subset of respondent, see Halpern et al.
2014) (see (Crimmins et al. 2013, Entzel et al. 2009, Love et al. 2010, Nguyen et al. 2011,
Whitsel et al. 2011, 2012b). As users of biomarker data, researchers must familiarize
themselves with study documentation on the quality of biomarker data and for guidance in
the appropriate use and interpretation of biomarker measures in specific studies. We now
move to the substantive motivations for use of biomarkers in social stratification and health
research in the next section.

Life Course Perspective

Human development is a process that has social and biological determinants and
intergenerational linkages beginning in utero and continuing throughout all stages of the
human life span (Hertzman & Boyce 2010). There is a general consensus that early life
conditions and childhood experiences matter for subsequent social and biological
development in adolescence, early adulthood, mid adulthood and old age (Gluckman et al.
2008, Hayward & Gorman 2004). Yet, most social and biomedical research does not capture
the ways in which developmental processes are linked and interrelated across phases of
human life, nor does it capture the dynamic interactions of social and biological forces that
underlie development across time and space. This research gap is due to a lack of
longitudinal, multilevel life course data and intergenerational study designs. In addition,
disciplinary approaches are typically designed to identify disciplinary-specific determinants
of social, behavioral, or health outcomes at a point in time.

The life course framework posits that the timing and succession of social roles and
circumstances experienced within and across multilevel contexts over time shapes life
chances in social, economic, psychological, and health domains (Elder 1998, Elder et al.
2004, Elder Jr. & Shanahan 2007). A life course perspective is essential in integrative
research because outcomes at any point in time reflect the product of prior interactions
between social and biological forces that occur across human development (Shanahan et al.
2003). Along these lines, research on the developmental origins of health and disease
(DOHaD) has exploded, following early biomedical research by Barker and colleagues
documenting significant links between birth weight and later cardiovascular disease risk
within cohorts (Barker 1997, 1998, 2006). The life course approach has had a major impact
on epidemiologic research on the determinants of adult disease risk, with a particular
emphasis on cardiovascular diseases and the physiological processes through which they are
influenced by early life nutritional environments (Almond & Currie 2011, Ben-Shlomo &
Kuh 2002, Gluckman et al. 2008, Kuh & Ben-Shlomo 1997, Smith & Ryckman 2015,
Wadhwa et al. (2009). Numerous studies have linked uterine, birth, and childhood exposures
to adult physical health and disease (Bengtsson & Brostrom 2009, Cameron & Demerath
2002, Crimmins & Finch 2006, Smith & Ryckman 2015). Demographic and social research
on the “long arm of childhood” has also demonstrated the value of a life course perspective
where early life circumstances are both directly and indirectly associated with health
outcomes that emerge decades later in adulthood (Anne Case & Christina Paxson 2010,
Blackwell et al. 2001, Elo & Preston 1992, Hayward & Gorman 2004, Preston et al. 1998).
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Most of this research, however, links early life conditions with chronic disease outcomes in
later adulthood within cross-sectional research designs, with limited attention to what
happens in between: during the majority of the early life course from later childhood to
adulthood. From a life course perspective, this means we are missing the social processes
and contexts that structure, mediate, and moderate biology over the life course. All life
course stages have unique social and biological forces that determine life-long human
development and that operate independently and jointly to influence physical and social
wellbeing in that life stage and beyond. There are immense data demands to study how
social and biological phenomena operate in distinct life stages and are linked to health and
social inequities in subsequent stages across the life course. In spite of these demands, there
is emerging research that is beginning to examine how social conditions and health in early
life course stages are related to later adult socioeconomic attainments and physical health
using biomarkers.

The life course paradigm is an effective framework for studying how social exposures get
“under the skin” to affect physiological function depending on the intensity of the exposure,
the life stage in which the exposure occurs, and the duration of exposure (as well as the life
stage in which physiology is measured). There are four general life course models that have
been used in the literature integrating biomarkers in social stratification and health research.
The “sensitive period” model examines timing effects in which exposures during sensitive
periods of development have stronger effects on health outcomes than they would at other
life stages (Cohen et al. 2010, Gluckman et al. 2008, Hayward & Gorman 2004). Sensitive
period effects operate through a “biological embedding” mechanism whereby social
exposures during sensitive windows of development have the potential to induce structural
and functional changes to the developing individual through biological programming that
cannot be reversed irrespective of intervening experience. This life course model posits that
the effect of the sensitive period exposure is typically “latent” in that its impact on health
outcomes may not appear until later life stages, often decades later.

Second, duration effects of social stratification processes can be explored through the
accumulation life course model, which emphasizes the role of persistent advantage or
disadvantage over time—in both specific life stages and over life stages—on health and
development. The effects of multiple exposures over the life course are both additive and
interactive and combine in synergistic ways to influence biological mechanisms and, in turn,
health and development outcomes. Cumulative effects can either be multiple exposures to a
recurrent stressor (e.g., chronic poverty) or a series of exposures to different social
environments or life experiences. For example, poverty experienced only during childhood is
not as detrimental on subsequent adult health as poverty during childhood, adolescence, and
the transition to adulthood.

A third life course model that might explain how social stratification processes are related to
health outcomes is the pathway model, which tracks how social exposures in one life stage
influence the probability of related social exposures in subsequent life stages. Also known as
the “chains of risk” model, it emphasizes pathway effects whereby early experiences set in
motion a chain of events that put individuals on paths differentiated by types and levels of
stress exposures to social and biological factors (Marmot et al. 2001, Pudrovska & Anikputa
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2014). This model elaborates on the ways in which inter- and intra-generational social
stratification pathways are linked across the life course. For example, the connection
between early life conditions and adult health and disease may be explained by the SES
pathway where early life SES determines adult SES, which in turn, is a more proximate and
important predictor of adult health and disease (Yang et al. 2017).

A fourth life course model considers the unique importance of social mobility in explaining
the early-life and later-life SES and health link. This model posits that social and economic
mobility may affect health risk, and predicts that the health effects of early-life exposures
can be modified by later-life SES such that upward mobility may mitigate negative impacts
of early-life adversity, while downward mobility is detrimental to health (Hallgvist et al.
2004, Luo & Waite 2005). While this model offers a distinct conceptual framework in which
to consider the role of social mobility in shaping physical health, distinguishing between the
unique impacts of social mobility and the impacts of the other life course models described
above remains an empirical challenge (Hallgvist et al. 2004).

Social Exposures, Stress, and Physiological Indicators of Health

A vast literature has established significant links between social conditions and markers of
physical health. Social exposures in the form of socioeconomic status (House 2002, Link &
Phelan 1995, Poulton et al. 2002, Turrell et al. 2007), the quality of social relationships
(Berkman & Syme 1979, Berkman et al. 2000, Yang et al. 2016), and surrounding school,
work, and neighborhood contexts (Crosnoe & Muller 2004, Toker et al. 2005, Wight et al.
2008) are thought to promote or damage health through multiple social, psychological, and
behavioral mechanisms that affect underlying physiology. While positive social exposures
such as affluence, strong social ties, or cohesive environments have been found to benefit
health through access to material and social resources (Browning & Cagney 2003, House et
al. 1988, Wen et al. 2003), most biosocial research explores the damaging health effects of
adverse social conditions, such as poverty, social strain, or social isolation (e.g., Yang et al.,
2013; Yang, Schorpp and Harris, 2014; Jensen, Berens and Nelson, 2017).

The stress paradigm is the most common mechanism used to frame the influence of negative
social exposures on physiological processes (Pearlin et al. 1981). Since Selye’s seminal
work that identified stress as a significant contributor to physical health among rats (Selye
1956), a growing literature in the social sciences has examined the role of adverse social
experiences in shaping exposure to stress and ultimately physical health in humans.
According to McEwen and colleagues, repeated exposure to adverse social experiences leads
to the perception of stress and ultimately affects the ability of the body to maintain
“allostasis,” or physiological stability through changing environments (McEwen 1998,
McEwen & Seeman 1999, Sterling & Eyer 1981). The gradual dysregulation between the
autonomic nervous system, the hypothalamic-pituitary-adrenal (HPA) axis, and the
metabolic, cardiovascular, and immune systems due to chronic exposure to social stressors is
termed allostatic load. McEwen and colleagues ultimately conclude that allostatic load
contributes to the development of chronic diseases such as diabetes, coronary heart disease,
and dementia.

Annu Rev Sociol. Author manuscript; available in PMC 2019 March 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harris and Schorpp

Page 11

Figure 1 displays the general stress process model most relevant for social science. There are
individual differences in the perception of stress related to individuals’ genetic makeup,
attributes and life experiences. The human body reacts to stress by activating stress
management systems in the brain known as the “fight-or-flight” response. The autonomic
nervous system and the HPA axis ready the body for fight or flight by releasing stress
hormones into the bloodstream. The autonomic nervous system triggers release of the
hormone epinephrine, which increases heart rate and, in turn, blood pressure and pulse rate.
Epinephrine also triggers the release of blood sugar (glucose) and fats from temporary
storage sites in the body for immediate energy. The HPA axis releases the stress hormone
cortisol, which increases glucose and inflammatory protein levels and inhibits insulin
production to prevent glucose from being stored.

This physiological reaction is normal in response to an unanticipated, temporary stressor,
and once the threat passes, epinephrine and cortisol levels fall. However, chronic low-level
stress keeps the SNS and HPA axis activated, which takes a toll on the body. Elevated
cortisol and epinephrine levels contribute to the buildup of fat tissue and to weight gain, high
levels of glucose in the blood, increased glucose intolerance and the risk of diabetes with
deleterious effects on weight, immune function, and chronic disease risk (Lupein et al. 2006,
Piazza et al. 2010). Stress is a natural occurrence in most individuals’ lives, but it is the
mundane, cumulative stressors that accompany daily life in the contexts of work, home, and
the larger community (e.g., poverty, bullying, social isolation) rather than acute or
exceptional stressful events such as the death of a parent that social scientists typically study
(Hertzman & Boyce 2010). Daily cumulative conditions of these low-level stressors operate
to break down the body’s physiological equilibrium (Almeida & Wong 2009, McEwen &
Seeman 1999). These physiological responses to cumulative and chronic stress can be
measured by biomarkers.

Adverse social environments are also thought to shape health behaviors and access to health-
related resources that affect physiological functioning. This is shown in Figure 1, where
behavioral responses to stress can include overeating, substance use or inactivity. However,
it is important to note that these mechanisms are not mutually exclusive; for example, health
risk behaviors such as cigarette smoking or binge drinking are often considered coping
behaviors in the face of exposure to stress (Grzywacz & Almeida 2008, Westman et al.
1985). Several studies have found that associations between socioeconomic status and
physiological markers of health were largely attenuated after adjustment for health behaviors
(Mackenbach et al. 2000, Pollitt et al. 2007). Thus, stressful social exposures not only have a
direct influence on physiological processes, but also have an indirect influence via
engagement in health-risk behaviors used to manage stress.

Biological Systems in Social Science Research

The majority of social stratification and health research that incorporates biomarkers focuses
on markers of metabolic, cardiovascular, and immune function. These biological systems are
most responsive to the physiological effects of chronic stressors in the social environments
of individuals (Ferraro & Shippee 2009, Hertzman & Boyce 2010, Piazza et al. 2010).
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While the term metabolic function describes many essential, life-sustaining chemical
processes, much of the social science and public health literature focuses on specific
biological indicators related to food metabolism, including obesity, cholesterol, and blood
sugar. Obesity and body mass index (BMI) are among the earliest and most widely studied
biomarkers of metabolic function in the social sciences because of the relative ease of
collecting height and weight measurements in the field. Further, as rates of obesity have
steeply risen over the past several decades, gaining a better understanding of the social
contributors to obesity is of great importance to identify public health interventions. Other
measures of metabolic function increasingly incorporated into health disparities research
include cholesterol (Kanjilal S et al. 2006, Winkleby et al. 1992), glycosylated hemoglobin
(Feldman & Steptoe 2003, Tsenkova et al. 2007), and metabolic syndrome as a composite
measure of metabolic function (Brunner et al. 1997, Chichlowska et al. 2008, Danese et al.
2009, Park et al. 2003).

Biomarkers of cardiovascular function capture several domains of heart health, including
blood pressure and hypertension (Brummett et al. 2012, Colhoun et al. 1998, Poulton et al.
2002, Winkleby et al. 1992), heart rate (McGrath et al. 2006, Shishehbor et al. 2006), and
cardiovascular reactivity (Chen & Matthews 2001, Kapuku et al. 2002, Wilson et al. 2000).
In addition, because metabolic and immune function also impact cardiovascular functioning,
composite measures of cardiovascular risk often incorporate indicators of cholesterol levels,
glycosylated hemoglobin, waist circumference or body mass, and inflammation
(Hatzenbuehler et al. 2014, Non et al. 2014, Slopen et al. 2013).

Social science studies that test /mmune function typically incorporate indicators of
inflammation and/or infection burden and recovery. Inflammation, measured through
biomarkers such as C-reactive protein (CRP), fibrinogen, and interleukin-6 (I1L-6), is thought
to be a significant risk factor in the development of cardiovascular disease (Ridker 2003),
and has also been found to be a mediator in the links between social conditions and
mortality (Yang et al. 2013). In addition, evidence suggests that exposure to chronic stress
contributes to increased inflammation burden due to impaired immune system response to
the anti-inflammatory signaling of glucocorticoids (Miller et al. 2002, 2009). While most
social science research relies on measurement of a single inflammatory marker to measure
inflammation, the availability of a more extensive array of inflammatory markers in studies
such as MIDUS allows for the creation of composite scores that capture broader
inflammation burden (Yang et al. 2014, 2017). In addition to inflammation, several studies
have incorporated measures of infection burden and susceptibility to examine how social
conditions shape immune function (i.e., Cohen et al. 2004, Dowd et al. 2009).

Composite biomarker measures integrate physiological markers from multiple biological
systems. While grouping together multiple complex physiological systems inevitably leads
to a loss of biological specificity, these measures are useful for identifying the capacity for
social exposures to have widespread physiological impacts that in turn shape health
outcomes. In addition to metabolic syndrome, cardiovascular risk, and inflammation burden
described above, a number of studies have considered the impacts of social conditions on
allostatic load. Allostatic load is especially useful in stress research, as it captures
dysregulation across neuroendocrine, immune, metabolic, and cardiovascular systems that is
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thought to be caused by chronic stress (McEwen 1998, McEwen & Seeman 1999). Allostatic
load is typically measured by using a composite score that is some combination of blood
pressure/hypertension, body mass, waist circumference, cholesterol, glucose metabolism,
inflammation, symbpathetic and parasympathetic nervous system activity, and
hypothalamic-pituitary-adrenal axis activity (Geronimus et al. 2006, Gruenewald et al. 2012,
Gustafsson et al. 2014, Upchurch et al. 2015).

There are several excellent reference lists and inventories of potential biomarkers used in
social science and public health research that are indexed by major physiological systems
(Karlamangla et al. 2012), stress response systems (Piazza et al. 2010), and common
markers in social science studies (Crimmins & Vasunilashorn 2016, Crimmins et al. 2008).

Socioeconomic Disadvantage as an lllustration of the Physiological Effects of Social

Exposures

To illustrate the influence of social exposures on physiological markers of health, we
consider the example of socioeconomic disadvantage. Socioeconomic disadvantage,
typically defined by low educational attainment (i.e., less that a high school degree), low
household income, unemployment or low occupational status, neighborhood-level poverty,
or some combination of these measures, is persistently associated with poorer physical
health (Galea et al. 2011, House 2002, Luo & Waite 2005, Ross & Mirowsky 2001). Aligned
with fundamental cause theory, socioeconomic disadvantage is a quintessential negative
exposure that influences multiple downstream mechanisms important for health (Link &
Phelan 1995). A number of mechanisms tie socioeconomic disadvantage to physical health.
First, the social and financial strains regularly experienced by the poor, such as increased job
insecurity, difficulty paying bills, and exposure to unsafe neighborhoods greatly increase
exposure to chronic stress (Baum et al. 1999, Turner et al. 1995). In addition, disadvantaged
individuals are significantly less likely to have the social support systems that aid in coping
with stressful life experiences (Aneshensel 1992, Kessler 1979), are less likely to access
health-promoting resources such as health insurance or recreational facilities (Feinstein
1993, Giles-Corti 2002, Moore et al. 2008, Newacheck et al. 2003), and are more likely to
engage in health-risk behaviors such as cigarette smoking, unhealthy diet, and physical
inactivity (Feinstein 1993, Hanson & Chen 2007, Lantz et al. 1998). Thus, adverse
socioeconomic conditions influence many of the daily experiences, social resources, and
individual behaviors that are instrumental for physical health.

The specific health impacts of socioeconomic disadvantage have been extensively studied,
and such research increasingly includes the use of biomarkers as indicators of physiological
functioning. This research has also increasingly applied advanced theoretical and life course
frameworks that consider how the timing, duration, and magnitude of exposure to
disadvantage is related to physiological health outcomes. Studies find that socioeconomic
conditions are associated with adverse metabolic (McLaren 2007, Ogden et al. 2010, Park et
al. 2003, Sundquist & Johansson 1998), cardiovascular (Kanjilal S et al. 2006, Winkleby et
al. 1992), and immune (Aiello et al. 2016; Cohen et al. 2004, 2010; Dowd et al. 2009, Piazza
et al. 2010) outcomes. A more detailed discussion of the links between exposure to
socioeconomic disadvantage and each of these health outcomes is below.
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Metabolic Function—Socioeconomic disadvantage has significant links to metabolic
function. Within developed countries, socioeconomic disadvantage is associated with
elevated BMI and higher risk of obesity, a pattern that is beginning to emerge in developing
countries as well (McLaren 2007, Popkin et al. 2012). Within the U.S., the association of
socioeconomic conditions with body mass is already apparent in childhood (Ogden et al.
2010, Shrewsbury & Wardle 2008) and persists into adulthood (Stunkard & Sorensen 1993).
In addition, a growing body of research applies a life course framework to identify the
importance of timing and duration of exposure to socioeconomic conditions for body mass
and obesity outcomes. This research finds evidence for the importance of both early life and
adult socioeconomic conditions for adult body mass and obesity (Langenberg et al. 2003,
Power et al. 2005).

Because body mass is one of the few biomarkers in which extensive longitudinal data is
available, studies incorporating body mass or obesity have increasingly applied a life course
perspective to understand how the timing and duration of exposure to disadvantage shaped
trajectories of change in body mass across the life span (Ball & Crawford 2005, Giskes et al.
2008, Lee et al. 2009, Scharoun-Lee et al. 2009). This approach is distinct from other work
applying the life course perspective because it simultaneously incorporates longitudinal
perspectives and measurements to both socioeconomic conditions and body mass, thus
providing further insight into life course processes and strengthening causal inferences.

Socioeconomic status is also associated with other indicators of metabolic function,
including cholesterol (Kanjilal S et al. 2006, Winkleby et al. 1992), glycosylated
hemoglobin (Feldman & Steptoe 2003, Kanjilal S et al. 2006), and composite measures of
metabolic syndrome (Brunner et al. 1997, Chichlowska et al. 2008, Danese et al. 2009, Park
et al. 2003). Because measurement of biomarkers such as cholesterol or glycosylated
hemoglobin requires collection of blood samples, these studies often rely on single, point-in-
time measures of metabolic function. However, these cross-sectional measures can still be
applied to longitudinal or retrospective data on social conditions to allow for identification
of how life course socioeconomic status is associated with metabolic outcomes in adulthood.
For example, several studies have found evidence that childhood and adolescence is a
sensitive period for metabolic syndrome in adulthood (Chichlowska et al. 2008, Danese et
al. 2009, Gustafsson et al. 2011b, Hostinar et al. 2017). Other studies have found evidence
for a pathway model in the association between early life socioeconomic conditions and
adult metabolic syndrome, whereby the link between early life SES and adult metabolic
syndrome is mediated by adult SES (Yang et al. 2017). These studies offer support for the
importance of timing and duration of exposure to socioeconomic conditions for future
metabolic function. Further examination of these associations has recently become possible
by capturing trajectories of change in overall metabolic outcomes with the availability of
longitudinal biomarker data available in national studies such as HRS, MIDUS, and Add
Health. We expect that future studies using this new information will build on findings in the
existing literature.

Cardiovascular Function—Research across sociology, epidemiology, and public health
relate socioeconomic disadvantage with elevated blood pressure (Brummett et al. 2012,
Colhoun et al. 1998, Poulton et al. 2002, Winkleby et al. 1992), increased risk of
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hypertension (Kanjilal S et al. 2006, Leng et al. 2015), and increased risk of cardiovascular
disease (Cooper et al. 2000, Lazzarino et al. 2013). Aligned with the research on metabolic
function, a growing number of studies apply a life course framework to identify how
socioeconomic conditions across the life span shape adult cardiovascular outcomes. These
studies find evidence for the unique importance of early life SES on adult cardiovascular
outcomes (Galobardes et al. 2006, Gliksman et al. 1995, Pollitt et al. 2005), as well as the
detrimental impacts of cumulative exposure to socioeconomic disadvantage (O’Rand &
Hamil-Luker 2005, Pollitt et al. 2005). Emerging research has also identified how change in
socioeconomic status affects change in markers of cardiovascular health; for example, Boen
& Yang (2016) found that wealth shocks during the Great Recession had a detrimental
impact on both systolic blood pressure and inflammation.

Evidence also suggests that socioeconomic conditions influence cardiovascular reactivity to
stress, particularly among African Americans and males (Chen & Matthews 2001, Kapuku
et al. 2002, Wilson et al. 2000). Socioeconomic differences in cardiovascular reactivity not
only implicate exposure to stress in cardiovascular function, but also have important
implications for inequalities in the emergence of cardiovascular disease across the life span
(Treiber et al. 2003).

Immune Function—A growing body of research ties socioeconomic conditions to
indicators of immune function, such as chronic inflammation, immunological aging, and
infection burden and recovery. Socioeconomic conditions are associated with several
inflammatory markers, including C- reactive protein (Brummett et al. 2013, Gruenewald et
al. 2009, Liu et al. 2017, Toker et al. 2005, Yang et al. 2017), fibrinogen (Pollitt et al. 2007,
Toker et al. 2005), and interleukin-6 (Carroll et al. 2011, Gruenewald et al. 2009).
Inflammatory markers have also been applied in life course research examining the early life
influences of adult immune function. For example, several studies find that early life
socioeconomic conditions are associated with adult inflammation independently of adult
SES (Carroll et al. 2011, Danese et al. 2009, Liu et al. 2017), implicating early life as a
sensitive period that contributes to the emergence of inflammation burden in adulthood. In
contrast, Yang and colleagues (2017) study early life SES influences on inflammation across
adulthood—from young adulthood to old age. They find that while early life SES is directly
associated with inflammation in young adulthood, it is explained by adult SES in latter
stages of mid- and late-adulthood, suggesting that life course socioeconomic pathways
explain the influence of early life socioeconomic conditions on adult inflammation burden.

Socioeconomic conditions are also thought to shape vulnerability to and recovery from
infection. Socioeconomic conditions during early childhood may be especially influential for
future infection burden because children in disadvantaged contexts are more likely to be
exposed to infections during a critical period for the development of immune function
(McDade 2005). Indeed, early life socioeconomic disadvantage is associated with higher
burden of chronic infections in adulthood, such as Helicobacter pylori, cytomegalovirus,
herpes simplex virus-1, hepatitis A and B, and chronic respiratory conditions (Dowd et al.
2009). In addition, adults who report lower childhood SES display lower host resistance to
the common cold (Cohen et al. 2004), suggesting that childhood socioeconomic conditions
have a lasting effect on immune function.
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Composite Measures—Composite measures of physiological functioning have been
used in a number of studies examining the health impacts of socioeconomic disadvantage. In
addition to the studies described above that consider metabolic syndrome (e.g., (Danese et
al. 2009, Hostinar et al. 2017) and inflammation burden (Yang et al. 2017), research
examining socioeconomic health disparities employs composite measures that capture
overall cardiovascular risk (Doom et al. 2017, Non et al. 2014) and allostatic load (Friedman
et al. 2015, Gruenewald et al. 2012, Gustafsson et al. 2011a). Collectively, these studies
implicate early life disadvantage and cumulative exposure to disadvantage as significant
determinants of physiological health risk across multiple biological systems. Emerging
research has also begun to identify the links between life course SES and patterns of change
in allostatic load across time (Merkin et al. 2014), providing additional evidence for the
longitudinal ties between socioeconomic conditions and physiological trajectories.

Mechanisms Underlying Socioeconomic Disparities in Biomarkers of
Physiological Function—While the mechanisms underlying the association of
socioeconomic conditions with metabolic, cardiovascular, and immune function continue to
be explored, prior research implicates several interrelated mechanisms in explaining
socioeconomic disparities in physiological outcomes. Ultimately, through observing these
underlying mechanisms, we see that upstream socioeconomic conditions shape a number of
downstream processes that have more direct influences on underlying physiology.

Exposure to stress is among the most studied underlying mechanisms tying socioeconomic
conditions to biomarkers of health. Applying a sociological lens to the study of stress and
health, the stress process model emphasizes the role of contextual factors such as
socioeconomic disadvantage in shaping exposure to stress (Pearlin 1989), which in turn is
thought to affect underlying physiological function across multiple systems (Piazza et al.
2010). Indeed, several studies have found partial support for the mediating role of stress in
the relationship between socioeconomic conditions and physiological markers of health
(Adler & Snibbe 2003, Chen & Matthews 2001, Chen et al. 2003, Lazzarino et al. 2013,
Upchurch et al. 2015). Future research incorporating more advanced life course
conceptualizations and measurements is needed to better elucidate the role of stress in
mediating the links between socioeconomic conditions and underlying physiology.

Additional mechanisms linking socioeconomic conditions to physiological functioning
include social integration and support (John-Henderson et al. 2015, Yang et al. 2013), health
behaviors such as diet, alcohol consumption, and cigarette smoking (Colhoun et al. 1998,
Lawlor et al. 2004), and physical resources and environment (Dowd et al. 2009, Rundle et al.
2008). While these mechanisms are thought to independently contribute to physical health
outcomes, it is important to note that they also have the potential to affect exposure and
vulnerability to stress. In other words, the availability of social support, engagement in
health-risk behaviors, and exposure to environmental risk are all likely to be tied to the stress
process (Pearlin 1989).

While we present how biomarkers have been incorporated in the literature on socioeconomic
conditions and health, this approach can also be applied to understanding how other stress-
related social exposures are related to underlying physiological processes, such as
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neighborhood conditions (Chichlowska et al. 2008, Gustafsson et al. 2014), family distress
(Danese et al. 2007, Yang et al. 2014), discrimination (Cunningham et al. 2012, Lewis et al.
2010), and social isolation (Shankar et al. 2011; Yang et al. 2013, 2016). Exploration of a
spectrum of social experiences will elucidate whether such experiences have unique or
overlapping effects on underlying physiological processes. Just as socioeconomic conditions
vary over the life course and across generations, so do other stress-related social exposures
for which uncovering their time-varying influences is imperative.

Emerging and Future Directions in the Use of Biomarkers in Social Science Research

Interdisciplinary research teams—The development of interdisciplinary research
teams has been instrumental for the integration of biomarkers in social stratification and
health research. Interdisciplinary research integrates “information, data, techniques, tools,
perspectives, concepts, and/or theories from two or more disciplines” (Enhancing the
Effectiveness of Team Science 2015), representing the integrative approach embraced by
large-scale social and demographic studies that have collected and disseminated biological
and social data to the scientific community (Harris 2010). The multidisciplinary Add Health
Study, a national longitudinal study of adolescent health and health behavior was a pioneer
of this interdisciplinary approach in the national context, including study investigators from
sociology, demography, public health, genetics, psychology, biology, medicine, cardiology,
survey methodology, economics, geography, and nutrition who designed the study in the
early 1990s. Although an individual investigator can master and integrate knowledge from
diverse disciplines, this process has become more difficult with the rapid growth of
specialized knowledge, technological change in data collection methods and measures, and
increasing time investment needed to gain mastery in other disciplines (National Research
Council 2015). Researchers using biomarkers for secondary data analysis are often required
to add a study principal investigator as a co-author for access to the data in biomedical
studies (e.g., ARIC, CARDIA, REGARDS) to ensure appropriate disciplinary application of
the biomarker measures. Researchers using other publically available data (e.g., Add Health,
HRS, MIDUS, NSHAP) should consult with interdisciplinary scholars on the disciplinary
topics for which they have less knowledge and training, and reference specific study
documentation on use of the biological data.

Longitudinal data to establish causality—The challenge of identifying causal effects
remains omnipresent in most all social science research, including social stratification and
health research that integrates biomarkers. The theoretical motivation for integrating
biomarkers in social science research is to elaborate how social factors “gets under the skin”
to affect biological mechanisms within the body that, in turn, influence social and health
outcomes outside the body. By definition, social factors must precede change in biological
processes that directly impact health outcomes. Thus, biomarkers enable us to articulate the
pathways by which social factors influence health and wellbeing. Evidence on the basis of
which to identify causal effects of social factors is therefore subject to the same standards as
any social science question (Gangl 2010, Morgan & Winship 2015). In this regard,
longitudinal data are especially useful for sorting out cause and effect. For example, having
baseline biomarker measures, prior to some social exposure or experience, enables
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researchers to identify change in that biomarker as a measure of biological response to that
exposure.

Identifying a causal relationship requires consideration of the degree to which the social
exposure is exogenous or endogenous to the biological stress process measured by the
biomarker (Elwert & Winship 2014, Wagner et al. 2013). An endogenous social exposure is
one in which some observed or unobserved third factor influences both the social exposure
and the biomarker, making their relationship spurious. For example, the social exposures of
child neglect or abuse may be caused by family poverty, typically observed, or parental
mental health sometimes unobserved, which also affect stress biomarkers. An exogenous
social factor is best thought of as a random event such as a natural disaster or policy change,
which may have potential causal impacts on biomarker outcomes by directly affecting stress
processes of individuals subject to the event. Thus, the degree to which the social exposure
of interest is either exogenous or endogenous to biological function informs the appropriate
design, statistical approach, and interpretation of causal social effects (Morgan & Winship
2015).

One particular advantage of biomarkers however, with regard to causality, is that there is
substantial biomedical research that can causally link health risk, as measured by biomarkers
(e.g., high cholesterol, hypertension) with subsequent chronic disease and increased
mortality risk (e.g., heart disease, stroke) (Loucks et al. 2008, Xu & Zeger 2001, Zeger
2000). Much of the evidence on causality of these links comes from animal studies with
controlled randomization designs. Because we cannot randomly assign human subjects to
have higher cholesterol or hypertension, and then observe their disease outcomes at some
later point, we cannot definitively determine the direct causal effect of such health risk as
measured by biomarkers. For example, diet may be causally linked to both cholesterol and
heart disease; without measuring and controlling for diet, some part of the relationship
between cholesterol and heart disease is spurious.

Emerging Biological Systems of Interest—Beyond the biomarkers we discuss here,
advances in the understanding and measurement of additional and novel biological
indicators of health have provided opportunity for new integration of biosocial perspectives
in sociological research. These advances include exploration of how the social environment
shapes gene regulation (Needham et al. 2015, Stringhini et al. 2015), neurobiological
functioning (Brito & Noble 2014, Hackman & Farah 2009, Tomalski et al. 2013),
immunological aging (Aiello et al. 2016), and the gut microbiome (Kau et al. 2011, Maier &
Al’Absi 2017, NIH HMP Working Group et al. 2009). New quantitative measures of
biological age (versus chronological age) have been developed based on a wide range of
physical, biological, and genetic markers to represent the progressive deterioration of
integrity in bodily systems with advancing age (Belsky et al. 2015, 2016; Levine 2013). In
addition, advances in the non-invasive collection of markers related to the stress response
will provide additional insight into the physiological mechanisms underlying the social
determinants of health. For example, measurement of hair cortisol levels has the potential to
provide social scientists with a longitudinal view of the physiological response to stress
(Bosma et al. 2015, Vliegenthart et al. 2016).
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Conclusion

Given the conceptual shift over the past several decades that underscores the importance of
the environment in shaping underlying physiological processes important for health,
sociologists need not fear biosocial approaches to understanding complex health outcomes.
Rather, examining the physiological impacts of social conditions allows us to document the
biological consequences of persistent social inequalities, further justifying the need to
intervene on the social conditions that lead to physiological health disparities. The study of
health in the social sciences enables identification of biological processes that have
important demographic, social, and environmental sources. Indeed, health is a critical
element of social stratification research, as health is both a determinant of the processes by
which individuals are stratified into subgroups with differential access to resources and
mobility, as well as an outcome that is shaped by differential access to resources and
mobility (Harris 2010, Harris & McDade 2018). In this review, we have focused mainly on
the latter where the bulk of the integrative sociological research has been.

Incorporating biology into models of social stratification and health positions social
scientists to explicate the critically important role of social factors in biological function and
response that affect health, a universal goal of human life. This provides social scientists
with immense power. By convincing biomedical researchers that we have successfully
measured and modeled a key aspect of their domain, we can then elevate the role of the
social world in the biomedical processes and health outcomes highly valued by biomedical
researchers, policymakers, partners, insurance companies, and individuals across all social
classes, races, ethnicities and genders. We hold the power to point to the social levers for
direct intervention to reduce health and social disparities and promote the wellbeing of
individuals, families and society as a whole.
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Figure 1: Physiological and Behavioral Responseto Stressors
Adaptation of model in McEwen BS. Protective and damaging effects of stress mediators. N/
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