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Abstract

Low socioeconomic status (SES) is a reliable correlate of poor physi-
cal health. Rather than treat SES as a covariate, health psychology has
increasingly focused on the psychobiological pathways that inform un-
derstanding why SES is related to physical health. This review assesses
the status of research that has examined stress and its associated dis-
tress, and social and personal resources as pathways. It highlights work
on biomarkers and biological pathways related to SES that can serve as
intermediate outcomes in future studies. Recent emphasis on the accu-
mulation of psychobiological risks across the life course is summarized
and represents an important direction for future research. Studies that
test pathways from SES to candidate psychosocial pathways to health
outcomes are few in number but promising. Future research should test
integrated models rather than taking piecemeal approaches to evidence.
Much work remains to be done, but the questions are of great health
significance.
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INTRODUCTION

Study of the relationships between socioeco-
nomic status (SES) and health has had a long
scientific history. Since the time of rapid in-
dustrialization and migration of the population
into urban areas in Europe, observers have
noted links between poor health and adverse
living conditions associated with poverty. In the
past few centuries, carefully conducted studies
documented disease associations with poverty
using early statistical approaches, e.g., mapping
cases within geographical areas, comparing
disease and healthy groups on living conditions.
Medicine, epidemiology, sociology, demog-
raphy, and economics are only some of the

disciplines that participated in establishing the
strong and consistent gradients between SES
and health. Across diverse health outcomes,
individuals who are less educated, have lower-
status jobs, and earn less or no income are at
greater risk for poor health than their higher-
SES counterparts. The associations extend
from relatively minor illnesses, e.g., headaches,
to serious and life-threatening diseases, e.g.,
coronary heart disease, to early mortality,
and are apparent across the life course. Fur-
thermore, the associations are not solely due
to poverty but rather have a monotonic or
step-wise functional relationship with health.
As an exemplar, Figure 1 shows the gradient:
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Figure 1
Morbidity rate by socioeconomic status level. (a) Percent diagnosed osteoarthritis, (b) relative prevalence of
chronic disease, (c) prevalence of hypertension, and (d ) rate of cervical cancer per 100,000. Original figure
from Adler et al. (1994).

the higher the education, the lower the rates of
osteoarthritis, chronic diseases, hypertension,
and cervical cancer (Adler et al. 1994).

Only recently has psychology responded to
the challenge of the SES gradient. In a seminal
paper, Adler and colleagues (1994) described
the associations of SES with diverse health out-
comes and raised questions about possible path-
ways. Moving beyond the perspective that SES
is a “nuisance variable” to control statistically,
awareness of the importance of SES has led to
an appreciation of what subgroups are most vul-
nerable to disease and to an explosion of re-
search on pathways. As a better understanding
of psychosocial pathways accumulates, health
psychology has the potential to contribute to
prevention and intervention efforts that help
reduce the tremendous health burden created
by low SES.

The overall goal of this review is to describe
major new findings regarding psychobiological
pathways connecting SES with health and to
suggest avenues for investigation based on psy-
chological theory. This review is restricted to
examining physical health outcomes, for sev-
eral reasons. First, psychological research on
physical health in relation to SES is relatively

recent and a review is timely. Second, the de-
velopmental literature has examined the role of
SES and/or poverty extensively on children’s
achievement and academic skills and socioemo-
tional development and is available elsewhere
(e.g., Bradley & Corwyn 2002, Evans 2004).
The review also does not investigate the area of
SES in relation to health behaviors, i.e., smok-
ing, excessive eating and alcohol consumption,
and physical inactivity, which are part of the
pathways connecting SES and health. This lit-
erature is substantial and beyond the scope of
this review.

The review begins with the formal defini-
tion and discussion of approaches to concep-
tualizing and measuring socioeconomic status.
We then discuss the status of evidence on the
role of stress and associated distress and social
and personal resources, as most models con-
sider these key pathways. For the most part, the
issues discussed to that point emphasize adult
SES–health pathways. The third major section
emphasizes the burgeoning focus on SES and
child health and how early SES sets a trajectory
of risk over the life course. Then we discuss
new directions in understanding the biological
pathways underlying associations among SES,
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psychosocial factors, and health, with emphasis
on biomarkers that compose the concept “allo-
static load,” subclinical disease indicators, and
the role of the brain. A final section discusses
the challenges that face psychologists invested
in understanding the SES gradient.

CONCEPTUALIZATION AND
MEASUREMENT OF
SOCIOECONOMIC STATUS

SES is a complex, multidimensional construct
that has been conceptualized and measured in
diverse ways (Krieger et al. 1997). In general,
SES indicators represent access to material and
social resources and assets, or rank within a
social-economic hierarchy, or both. SES can be
evaluated at various periods in the life course,
from gestation to late adulthood, and the level
of assessment may vary from the individual, to
the household or family, to the community, to
the national or global. Below we address key
issues in SES measurement and describe the
strengths and limitations of common assess-
ment techniques as well as more recent, novel
approaches.

Resource versus Status-Based
Approaches

A fundamental distinction in SES measurement
is whether indicators characterize an individ-
ual’s rank or prestige in relation to others (i.e.,
the “social” component of SES) or access to ma-
terial and social resources and goods (i.e., the
economic component). Prestige-based mea-
sures refer to a person’s relative status within
a social hierarchy and provide information re-
garding his/her ability to obtain merchandise,
services, and knowledge. Examples include oc-
cupational classification systems that provide
clear, relative rankings—for example, military
or civil service grades. In addition, measures
that evaluate peoples’ subjective perceptions of
their status relative to others’ tap rank and pres-
tige facets of SES. In one common method of
assessing “subjective social status,” participants
place themselves on a graphical 10-rung ladder,

with the top rung representing those individu-
als with the highest status, e.g., according to
typical SES indicators or individually defined
characteristics, and the bottom rung represent-
ing those with the lowest status (Adler et al.
2000). Such measures are receiving increas-
ing attention in public health research in the
United States and elsewhere (Adler et al. 2000,
Cohen et al. 2008, Manuck et al. 2010). Oth-
erwise, strict, rank-based measures are less fre-
quently employed in the United States, where
class-driven social hierarchies may be less clear-
cut than in other nations. In contrast, the most
typical measures of SES in the United States
capture material and social resources—for ex-
ample, whether or not an individual has a col-
lege degree or owns a home, makes an income
that is above the poverty line, or has access to
health care (e.g., health insurance). Prestige and
resource-based measures of SES are related, but
not enough to be redundant.

Traditional SES Indicators

The most commonly used measures of SES in
public health research are education, income,
and occupation. In general, these factors cap-
ture both resource and prestige components of
SES. Moderate correlations among them sug-
gest that although related, these indicators also
represent distinct socioeconomic information.

Education is a fundamental component of
SES that precedes later markers such as occu-
pation, income, and wealth. Its advantages in-
clude the fact that it can be used even in in-
dividuals who are not in the labor force and
that it is typically completed prior to the on-
set of major health problems (excepting those
in childhood); therefore, it is less vulnerable to
the impact of reverse causation (meaning poor
health leads to lower SES) than are other mark-
ers. In addition, education questions are typi-
cally answered accurately and with low refusal
rates. Limitations of education include the fact
that its meaning and implications for earnings
potential may vary across demographic groups,
e.g., as defined by age, gender, ethnicity/race,
or national origins. In addition, education is a
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relatively crude indicator, with few categories,
and does not include information about educa-
tional quality.

Income is another widely used SES indica-
tor, especially in affluent, industrialized nations.
Associations between income and health tend
to be nonlinear and are steepest at the lowest
SES levels. Household income estimates ad-
justed for the number of individuals supported
provide more complete information regarding
standard of living and ability to access material
goods. In addition to absolute and adjusted in-
come levels, income dynamics (i.e., changes in
income across the lifespan) provide important
information regarding health risks. Despite its
utility, income information is subject to high
nonresponse rates and biased reporting and can
be less relevant to individuals who are not in the
labor force (e.g., due to retirement or caretak-
ing responsibilities). Likewise, income does not
provide comprehensive information about buy-
ing power or standard of living since this may
vary across community contexts and also de-
mographic characteristics. To offset these lat-
ter limitations, information about wealth, espe-
cially among the elderly, can be a useful adjunct
for research that seeks to determine income ef-
fects on health.

Finally, many studies have sought to exam-
ine the association between occupational status
and physical health. In this approach, occupa-
tions are categorized hierarchically according
to characteristics such as earned income, re-
quired education, associated prestige, skills, and
level of influence. Limitations of occupational
measures include the fact that they cannot be
used for individuals who are not working, that
occupational status rankings are often highly
subjective, and that occupation categories con-
tain considerable variation in prestige, earnings,
and other factors (Braveman et al. 2005).

Contextual Approaches

In another line of work, researchers have begun
to examine how the socioeconomic contexts
in which people live relate to health beyond

person- or household-level markers. Such
measures provide important supplementary
information since people with similar SES can
inhabit very diverse communities or neighbor-
hoods. For example, when compared to non-
Hispanic whites with similar income levels,
ethnic minorities frequently reside in more
disadvantaged communities (Williams &
Jackson 2005). The pathways linking con-
textual SES with physical health may also be
distinct. For instance, individuals who live in
lower-SES neighborhoods typically have less
access to healthy food and safe places to exer-
cise (Lovasi et al. 2009), and they are also more
vulnerable to environmental health risks, such
as second-hand smoke, air pollution, ambient
noise, suboptimal housing, crowding, and
crime. Contextual SES is commonly indicated
as the aggregate SES of individuals living in the
area (e.g., percent of residents living below the
poverty line, proportion with a college degree),
with census tract or block-level data providing
a more accurate representation than zip code
information. A good deal of research suggests
that neighborhood SES is predictive of health
over and above the impact of individual SES
(Pickett & Pearl 2001) even though these
measures tend to be significantly correlated.
On the other hand, since many studies account
for only a single individual-level SES indicator
when exploring area-based effects, person-level
SES may still account for area effects to some
extent (Pickett & Pearl 2001). Importantly, al-
though researchers sometimes use community
SES to estimate individual SES when the latter
information is unavailable, this approach can
lead to a substantial mis-estimation of true SES
effects given the potential inaccuracy involved
(Geronimus & Bound 1998). Furthermore,
community-level SES is not a static variable
and can be quite dynamic as individuals migrate
to other communities or communities change
dramatically with economic downturns or
upturns. These and other limitations and
difficulties in studying area-based health effects
have been discussed in detail elsewhere (Diez
Roux 2001).
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Life Course Approaches

One recent direction in SES assessment is to ex-
amine how socioeconomic experiences across
the life course relate to physical health out-
comes (Pollitt et al. 2005). In this approach,
knowledge concerning the timing and length
of exposure to socioeconomic deprivation (or
affluence) as experienced across various devel-
opmental stages is considered critical to fully
understand the sociobiological impact of SES,
particularly for chronic diseases with protracted
etiologies. Many of the same adult and child-
hood SES indicators discussed above are used
in life course–based research. However, most
of the available studies use retrospective mea-
sures of SES in childhood and do not assess
SES at multiple time points, such as infancy,
childhood, adolescence, and/or various stages
of adulthood. Nonetheless, this work is impor-
tant to understanding the psychological path-
ways leading to adult health and is reviewed
later in more detail.

Summary

Consistent with the multidimensional nature of
the construct, SES measures vary widely along
multiple dimensions including timing, level,
whether they are objective or subjective, and
whether they evaluate prestige, resources, or
both. In general, measures should be selected
to fit the population of interest and should be
based on a clear theoretical articulation of how
SES relates to the specific health outcome being
addressed. In addition, studies that administer
multiple measures of SES are best able to cap-
ture health implications, given that individual
indicators are typically only moderately corre-
lated and may relate to health through diver-
gent pathways.

APPROACHES TO
UNDERSTANDING
PSYCHOSOCIAL PATHWAYS

For a psychosocial pathway to be relevant to
understanding the SES gradient, beyond the

effects of poverty, three conditions should be
met: SES should be related to the pathways
in a step-wise or graded fashion; the putative
pathway must be related to a health outcome in
a step-wise fashion; and introducing the path-
way into statistical models of the association
between SES and health outcome must reduce
the magnitude of the association. Note that a
candidate mechanism does not need to elimi-
nate the association because there are undoubt-
edly multiple contributing factors. In most con-
ceptual models, possible psychosocial pathways
connecting low SES with poor health can be
distilled roughly into two categories: stress and
concomitant psychological distress, and psy-
chological and social resources that may be a
mediational pathway or protect against stress-
ful environments and the negative emotional
responses they elicit. Then, in turn, these path-
ways are thought to connect to adverse bio-
logical processes and negative health behaviors
(labeled biobehavioral), subclinical disease, and
eventually to frank disease. Figure 2 illustrates
these pathways.

Stress and Distress

A number of researchers have posited that low-
SES environments foster negative health out-
comes in part because they increase exposure
to stress and adversity. Either as a function of
increased stress exposure or as a direct corre-
late of disadvantage, individuals with low SES
may also be more vulnerable to psychologi-
cal distress (Gallo & Matthews 2003). There
is a fair amount of indirect support for this
perspective, with studies showing that low in-
dividual or community SES relates to higher
scores on measures of traumatic and life events,
chronic stress, perceived stress, and daily has-
sles (Gallo et al. 2005, Hatch & Dohren-
wend 2007, McLeod & Kessler 1990). SES also
demonstrates an inverse association with indi-
cators of psychological distress, such as anxi-
ety and depression symptoms or disorders, hos-
tile cognition, and angry emotion (Gallo &
Matthews 2003). In turn, stress and distress are
increasingly recognized as important factors in
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Figure 2
Psychobiological influences on the socioeconomic status–health gradient.

major physical health outcomes, including car-
diovascular diseases (CVDs) and all-cause mor-
tality (Cohen et al. 2007, Everson-Rose &
Lewis 2005).

However, a closer look at the literature re-
veals many inconsistent findings and limited
available direct support for a mediating role
of stress. For example, some published stud-
ies report no relationship between SES and
stress, variously defined (Matthews et al. 2008,
Prescott et al. 2007), or even a positive rela-
tionship so that higher SES predicts greater
stress (MacLeod et al. 2005). In a recent review,
Matthews et al. (2010) found that only four out
of nine studies that examined stress (primar-
ily life events or perceived stress) as an inter-
mediate factor connecting SES with objective
physical health outcomes identified supportive
evidence. Different aspects of “job strain” (i.e.,
chronic work stress) contribute to the relation-
ship between SES and health outcomes, such
as coronary heart disease (Marmot et al. 1997,
Wamala et al. 2000). However, a number of
studies have identified null findings when at-
tempting to investigate whether various forms
of generalized stress (Avendano et al. 2006,

CVDs: cardiovascular
diseases

Matthews et al. 2008, Prescott et al. 2007) or
work stress in particular (Kuper et al. 2007)
contribute to SES–health associations. The re-
search concerning psychological distress is like-
wise mixed. Whereas some studies have identi-
fied support for an intermediate role of negative
emotions, including depression or anxiety, in
connecting SES with health outcomes such as
stroke (Avendano et al. 2006) or the metabolic
syndrome (Matthews et al. 2008), other studies
have failed to provide evidence for these path-
ways (Cohen et al. 2008, Thurston et al. 2006).
The inconsistency of available research is no-
table, but the small number of studies that have
sought to test the role of stress empirically is
even more striking, especially given the consid-
erable attention that this pathway has garnered
in the SES–health literature.

The relatively weak support for an interme-
diary role of stress and distress must be consid-
ered in light of measurement limitations. Stress
is a complex, multifaceted construct, and as-
sociations with SES could vary along a num-
ber of dimensions, including stressor domain,
duration, severity, and whether stress expo-
sures (e.g., objective events), experiences (e.g.,
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perceptions of stress), or responses (i.e., sub-
jective distress) are being assessed. Many large
surveillance studies rely on brief, often nonvali-
dated measures of these constructs (Khang et al.
2009, Prescott et al. 2007), which may fail to
adequately capture the contributions these vari-
ables make to SES–physical health associations.
Moreover, recall biases associated with aggre-
gate self-report measures can lead to under- (or
over-) estimates of associations, especially when
participants are asked to recollect the nature
and severity of stress or psychological distress
experienced across long periods of time.

New assessment approaches that examine
contemporaneous accounts in daily life (Shiff-
man et al. 2008) may be more useful than
retrospective assessments of past stressors.
The notion is that the closer in time the
report is to the event, the more accurate
the report will be. Several studies using the
concurrent methodology suggest that persons
with low-status occupations experience more
social conflict throughout the workday than
persons with high-status positions (Gallo
et al. 2005, Matthews et al. 2000a). In a large
representative sample of middle-aged adults,
individuals who had more education reported
more stressors than those with less education
on end-of-the-day interviews that measured
stress exposure, stress severity, and symptoms
(Almeida et al. 2005). However, less-educated
individuals experienced more severe stressors
and appraised them as posing greater risk to
their financial situations and self-concepts
than did those with more education. Findings
also suggested that low education rendered
participants more vulnerable to stress: On days
that individuals experienced stressors, the less-
educated reported greater distress and physical
symptoms compared to their better-educated
counterparts (Grzywacz et al. 2004). Nonethe-
less, the contention that stress is an important
pathway underlying SES–physical health dis-
parities requires additional empirical evidence.
We are not suggesting that stress is not an im-
portant determinant of physical illness (Cohen
et al. 2007). However, it may not be the primary
mediator of SES–physical health associations.

Psychosocial Resources

In contrast to the literature concerning stress,
the research that has examined the contribu-
tion of positive psychosocial factors provides
greater support. These studies have examined
psychological resources, such as a sense of mas-
tery or control over important aspects of life,
self-esteem, or optimism, and social variables,
such as social support, integration in a social
group, or social capital at the community level.
Research suggests that these variables can exert
salutary effects (Rasmussen et al. 2009, Uchino
2006), and when present in abundance, such re-
sources may be able to protect individuals from
the adverse health consequences of material de-
privation (Lachman & Weaver 1998). Research
shows that individuals with low SES typically
report lower levels of resilient resources, in-
cluding perceived control and social support or
integration (Gallo & Matthews 2003), suggest-
ing that these variables may indeed serve as one
link in the chain connecting low SES with poor
physical health.

A recent review of the literature examining
the contribution of psychological or social re-
sources to associations between SES and objec-
tive physical health outcomes identified mixed
evidence for the roles of social variables, with
6 out of 10 studies identifying mediating ef-
fects (Matthews et al. 2010). For example, in a
relatively young sample of women, general so-
cial support predicted higher stroke risk and,
therefore, had little explanatory power in rela-
tion to the SES–stroke gradient (Kuper et al.
2007). In contrast, social integration explained
more than one-third of the excess stroke risk
associated with low education in an older sam-
ple of men and women (Avendano et al. 2006).
In other work, perceptions of support from the
community, but not from family and friends,
contributed to the relationship between income
and heart disease and all-cause mortality in el-
derly men (Chaix et al. 2007). Although the
populations, health outcomes, and specific SES
indicators and social characteristics examined
were quite variable, it is difficult to attribute
the heterogenous findings to any discernable
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pattern. Moreover, measurement limitations
are again a concern, given that social resources,
like stress, can vary along many dimensions,
including qualitative or quantitative aspects of
support or integration and individual-level or
community-level aspects of support.

The evidence for the contribution of gen-
eralized psychological resources, although lim-
ited, has been consistent, with all four studies
to date finding evidence of a mediating role for
these variables (Matthews et al. 2010). Espe-
cially strong support was identified in a study
of men performed by Bosma and colleagues
(1999), which found that between one-third
and two-thirds of the excess mortality risk at-
tributable to low SES could be explained by
variation in generalized control beliefs. Con-
trol beliefs also explained a substantial degree
of the elevated coronary heart disease risk found
in elderly persons with low SES (Bosma et al.
2005). In general, a great deal of interest has
surrounded the potential contribution of con-
trol beliefs, which could contribute to health
outcomes through a variety of pathways, such
as problem solving (e.g., active attempts to
cope), depression (i.e., since beliefs of low con-
trol can be equated with helplessness, a known
correlate of depression), or adaptive health
behaviors.

Integrative Models of Stress
and Resources

A number of models similar to that illus-
trated in Figure 2 integrate stress and re-
sources into unified frameworks that propose
sequential relationships among SES, psychoso-
cial pathways, and bio-behavioral mechanisms
connecting them with health. For example,
Adler and colleagues (1994) developed an over-
arching model that features environmental re-
sources and constraints in one category and
psychological affect and cognition in a second
category. Environmental factors are thought
to shape psychological processes, exposures
to carcinogens and pathogens, and perfor-
mance of health-relevant behaviors. In turn,
psychological factors are believed to influence

SAM: sympathetic-
adrenal-medullary

HPA: hypothalamic
pituitary adrenal

health-relevant behaviors and neuroendocrine
responses to stress as intermediate pathways to
physical disease. Marmot proposed a similar
broad-based model that emphasizes the role of
the work environment in the relationship be-
tween SES and physical health (e.g., Marmot
et al. 1997; see Related Resources).

Another framework, the reserve capacity
model, focuses on interpersonal and intraper-
sonal resources as modifiers of the impact of en-
vironmental demands and stresses on emotional
and physiological responses (Gallo & Matthews
2003). In this perspective, low-SES environ-
ments are posited to foster greater exposure
to frequent and intense harmful or threaten-
ing situations and fewer rewarding or poten-
tially beneficial situations, which, in turn, are
believed to have a direct, negative impact on
emotional experiences. In addition, low-SES
individuals are purported to maintain a smaller
bank of resources—tangible, interpersonal, and
intrapersonal—to deal with stressful events
when compared to their higher-SES counter-
parts. Resource banks, termed reserve capacity,
may be low in low-SES circumstances for two
reasons: (a) Low-SES individuals are exposed to
more situations over the life course that require
the use of resources, and (b) their environments
prevent the development and replenishment of
resources to be kept in reserve. Hence, be-
cause individuals of low SES have fewer stress-
dampening resources, which are further re-
duced by enduring or repeated stress exposures,
they are likely to show increased responsive-
ness when faced with challenges and demands.
In turn, elevated negative emotions and cog-
nitions lead to alterations in health behaviors
and intermediate physiological pathways, e.g.,
sympathetic-adrenal-medullary (SAM) system
and hypothalamic pituitary adrenal axis (HPA)
system responses, and eventually to poor health.
An important extension and elaboration of this
model by Myers (2009) emphasizes the role of
cultural resources in understanding minority
health. In addition, he notes that race-specific
stressors, when added to the impact of low SES,
can lead to cumulative vulnerability and poor
health over the life course.
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In general, these models are attractive
because they generate specific, theoretically
driven hypotheses concerning relationships
among categories of variables. However, testing
them empirically has been challenging. Con-
nections have been established between SES
and model components, and between model
components and physical health, but studies
that move beyond piecemeal tests to integra-
tive evaluations are relatively scarce. Given pro-
posed temporal relationships and causal influ-
ences, analytic approaches that facilitate exami-
nation of longitudinal data and sequential path-
ways among constructs are best suited to testing
these comprehensive conceptual models (see
Related Resources).

In a recent study that applied these meth-
ods in an attempt to evaluate several tenets
of the reserve capacity model, Matthews et al.
(2008) reported that lower educational attain-
ment was associated with the development of
the metabolic syndrome in a sample of middle-
aged women followed for 12 years. Using struc-
tural equation modeling, this study examined
whether lower education was related to higher
stress, which in turn was hypothesized to elicit
greater emotional distress among those with
low reserve capacity, and whether these path-
ways would connect SES with metabolic syn-
drome development. The relationships among
the model components were not as predicted.
Rather, the analyses revealed that lower educa-
tion was related to metabolic syndrome through
low levels of reserve capacity measured by a
combined index of optimism, self-esteem, and
social support, which in turn related to negative
emotions, which subsequently connected with
metabolic syndrome risk. Thus, stress did not
play a primary role in the association between
SES and the metabolic syndrome, contrary to
the tenets of the reserve capacity model, even
though stress was directly related to the devel-
opment of the metabolic syndrome in another
analysis performed in this sample (Räikkönen
et al. 2007). A similar test in a sample of Latin
American women showed that lower SES was
related to higher waist circumference, a pri-
mary component of the metabolic syndrome,

through low reserve capacity as measured by
a sense of mastery, optimism, self-esteem, and
social support (Gallo et al. 2007). These studies
illustrate the iterative process of model devel-
opment and testing. Revision of the reserve ca-
pacity model may be warranted as new evidence
is evaluated; for example, resources may have a
more direct role than originally posited.

In another integrative approach, researchers
have combined stress and psychological factors
into a composite psychosocial index in order
to compare their, and other possible, explana-
tory pathways. For example, in the Norwegian
HUNT Study, low education and income were
related to mortality in men (but not in women;
Skalicka et al. 2009). A psychosocial index was
composed of positive social relationships, nega-
tive emotions, and self-esteem. Other candidate
pathways included material factors measured
by employment status, financial difficulties, and
public benefits; health behaviors as measured by
smoking, activity, alcohol, and caffeine intake;
and biomedical factors represented by cardio-
vascular risk factors. Analyses revealed that psy-
chosocial variables and health behaviors helped
explain the association of mortality with edu-
cation, whereas material factors and to a lesser
extent psychosocial variables contributed to the
association of mortality with income. A similar
approach was used in a sample of South Kore-
ans, where material factors were measured by
income, health insurance, and car ownership,
and psychosocial factors were indicated by de-
pression, stress, and marital status (Khang et al.
2009). Results showed that the associations of
all-cause mortality with education or occupa-
tional status, the markers of SES in these anal-
yses, were substantially reduced with statistical
control for material factors. In contrast, the per-
cent reduction in low-SES related mortality risk
resulting from control of psychosocial factors
was small. Comparable results were obtained
in a study performed in the Netherlands, which
showed that effects of education on mortality
were accounted for by material factors, includ-
ing home ownership, financial difficulties, and
health insurance (van Oort et al. 2005). Psy-
chosocial factors reduced the risk of the lowest
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category of education by 40% when taken in-
dividually, but only by 7% when added to the
model that included material factors.

These studies illustrate several points. First,
some of the variables considered to be material
factors, e.g., car ownership, income, and em-
ployment status, can also be conceptualized as
indicators of SES. Thus, it is not surprising that
material factors would account for a substantial
amount of the relationship between SES and
health, since SES (the predictor) and material
factors (the candidate pathway) are potentially
confounded. As such, after accounting for ma-
terial factors, the amount of variance left to be
explained by psychosocial factors or any other
candidate pathway would be quite small. Sec-
ond, some of these studies categorized SES into
two to four discrete groups and compared the
lowest to the higher SES categories. This ap-
proach obscures identification of pathways that
may contribute to the step-wise, graded associ-
ation between SES and most health outcomes.
Despite these issues, some analyses do find that
associations between SES and health are medi-
ated in part by psychosocial pathways and that
material factors also affect psychosocial path-
ways (van Oort et al. 2005), which would be
expected if they are markers of SES.

DEVELOPMENTAL
PERSPECTIVES ON
SOCIOECONOMIC STATUS
OVER THE LIFE COURSE

Up to this point, we have focused on the path-
ways potentially connecting SES with health
in adulthood. There is also a substantial body
of work evaluating associations and pathways
in children and adolescents (Chen et al. 2002).
The studies in the young have typically relied on
“softer” health indicators, such as parental re-
ports of health quality or seeking medical treat-
ment for health problems. However, in general,
the literature does suggest that lower-SES chil-
dren (based on family SES) are at greater risk for
diverse health problems, such as multiple health
complaints, physical symptoms, elevated ambu-
latory blood pressure, obesity, and poor over-

all self-rated health (Due et al. 2003, McGrath
et al. 2006, Shrewsbury & Wardle 2008).

Recently, the adult and child literatures have
been married in studies evaluating whether
early exposure to low SES in childhood is linked
to later physical health problems in adulthood.
Using even crude indicators of retrospectively
assessed SES in childhood, e.g., father’s
occupation grouped into manual-nonmanual
categories, early socioeconomic circumstances
relate to premature mortality and cardiovascu-
lar morbidity in a majority of epidemiological
investigations (Galobardes et al. 2006, 2008).
Notwithstanding the largely consistent lit-
erature, several important cautionary notes
must be stated. Perhaps most importantly,
the adequacy of the empirical tests of these
associations is sometimes limited (for a full
discussion of methodological issues, see Cohen
et al. 2010). Specifically, in addition to potential
biases associated with retrospective reports,
some studies do not statistically adjust for adult
SES. Thus, associations of childhood SES with
adult health may simply be due to correlations
between childhood and adult SES. Another
issue is identifying the appropriate statistical
controls for health. Most studies account for
adult health status, for example, smoking,
obesity, and physical inactivity, at the start of
the follow-up period in adulthood. However,
other than birth cohort studies, most investiga-
tions do not have information about childhood
health status, and if they do, it is not clear which
indicators of child health would provide appro-
priate controls for the adult health outcomes.

A number of conceptual models have been
advanced to understand how SES across the life
course might relate to health. The most com-
monly asserted model (Kuh et al. 2003), called
the accumulation model, posits additive effects
of exposure to low SES across the life span,
i.e., the longer the duration of exposure to low
SES, the greater the risk. Strictly speaking, this
is not a developmental model because it pre-
sumes that life stage of exposure does not mat-
ter. A sensitive or critical period model sug-
gests that the timing of exposure to low SES
is important for some adult health outcomes
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and emphasizes early life development. Social
mobility, or movement up and down the SES
hierarchy within a lifetime, may also impact
health. Substantial support has been garnered
for life course models in general (see Related
Resources), and in particular for the perspec-
tive that SES early in life is predictive of later
physical health and that exposure to socioeco-
nomic hardship can have a cumulative, dose-
response relationship with morbidity and mor-
tality (Carson et al. 2007, Singh-Manoux et al.
2004). However, as noted by other authors, it is
extremely difficult to untangle the relative ev-
idence for life course models (Hallqvist et al.
2004), in part due to substantial covariation in
both SES and physical health across time and
generations.

Psychosocial Perspectives in Life
Course Models

From a psychosocial perspective on SES across
the life course, the role of early family envi-
ronment is an obvious place to begin. Repetti
et al. (2002) propose that families that trans-
mit high risk for poor health are characterized
by conflictual interactions, manifested in recur-
rent episodes of anger and aggression, and de-
ficient nurturing, resulting in relationships that
are cold, unsupportive, and neglectful. Troxel
& Matthews (2004) suggest that parental con-
flict is especially harmful because it leads to de-
creased monitoring of children, less expressed
warmth and affection, and inconsistent com-
munication and discipline style, and because
marital dissolution often leads to a decline in
SES, with the attendant financial insecurity.
Evans and colleagues (2005) point to the role
of chaotic, unpredictable family environments
as key, which may lead to the greater threat
appraisals documented by low-SES children.
These types of family environments are less
able to provide the kinds of experiences neces-
sary for children to learn how to regulate emo-
tions and to develop a sense of security with and
attachment to important figures in their lives.
Such deficits are thought to foster a propen-
sity to experience chronic negative affect, to

have difficulties in developing or maintaining
supportive social networks, and to exhibit ele-
vated SAM and HPA responses to threatening
circumstances (Chen & Matthews 2001, Chen
et al. 2003, Luecken et al. 2006). To the extent
that these experiences occur repeatedly, they
are believed to lead to poor health later in life.

This reasoning is consistent with evidence
summarized elsewhere (Repetti et al. 2002,
Troxel & Matthews 2004). For example,
several analyses have explicitly tested the
pathways connecting low childhood SES and
cardiovascular risk factors in adulthood. Partic-
ipants completed measures of an adverse early
family environment (characterized by harsh,
conflictual, and neglectful parenting) and adult
psychosocial functioning. Structural equation
models showed that low childhood SES was
associated with an adverse family environment,
which in turn, was related to a latent factor
reflecting adult psychosocial functioning (com-
prising combinations of negative emotions
and personal and/or social resources). Adult
psychosocial functioning then related to poor
metabolic functioning, elevations in C-reactive
protein, and prevalence of high blood pressure
and increases across five years in blood pressure
(Lehman et al. 2009). Although early family
environment was assessed retrospectively,
these examples demonstrate both the promise
of the perspective and the utility of explicitly
testing life course models.

Another developmental perspective consid-
ers not only early psychosocial factors but
also their interaction with adverse physical ex-
posures common in low-SES neighborhoods
(Clougherty & Kubzansky 2009). Gump and
colleagues (2007) reported that children from
lower-SES families exhibited greater cardiovas-
cular reactivity to stress and that the association
was mediated by heightened blood lead levels
observed in the children, which were corre-
lated with family SES. Among asthmatic chil-
dren, low neighborhood SES (based on cen-
sus tract indicators of poverty) was associated
with immune markers correlated with asthma;
chronic stress, appraisals of perceived threat,
and beliefs about control of health mediated
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these associations (Chen et al. 2003). In another
sample of asthmatics, neighborhood problems
were related to daytime symptoms during a
two-week monitoring period (Chen et al. 2007),
and greater chronic family stress was related
to both adverse biologic and clinical outcomes
among those who lived in areas with low air
pollution (Chen et al. 2008). Adolescent blood
pressure, overnight catecholamines, and cor-
tisol levels increased with a higher multiple
risk factor index composed of housing qual-
ity, crowding, noise, family turmoil, child sep-
aration from family, and violence (Evans et al.
2007).

That the accumulation of psychosocial and
physical risk factors plays a role in understand-
ing SES–health relationships is promising. A
large body of research indicates that poverty
is related to multiple and diverse types of risk
(Evans 2004). For example, among children
living in rural areas, those from low- relative
to middle-income families were more like to
have substandard housing quality, high levels of
noise, family turmoil, and exposure to violence
(Evans 2004). However, as noted by Evans &
Kim (2010), few studies have evaluated whether
multiple risk exposures are graded across SES
because typically the research using this ap-
proach compares only two groups. Taking a
multiple risk factor approach has been prof-
itable for understanding children’s emotional
and social development, although at present few
studies have examined multiple risk factors in
the context of physical health.

In summary, life course perspectives have
promise in informing the understanding of psy-
chosocial and psychobiological pathways con-
necting SES and health. Developmental models
are admittedly complex, but the focus solely on
studies in adulthood misses the early life experi-
ences that may be crucial to later health. Retro-
spective assessments of early life exposures can
be useful additions to adult studies, but the most
complete understanding of the life course re-
quires longitudinal studies starting early in life,
preferably during gestation. Coordination of
study designs with scientists interested in early
development may yield long-term benefits.

ALTERNATIVES TO CLINICAL
DISEASE OUTCOMES IN
STUDIES OF SOCIOECONOMIC
STATUS

Given conceptual models suggesting that SES–
health associations begin early in life and that
risks accumulate within individuals, research
does not need to wait until frank disease
emerges to identify underlying mechanisms.
Furthermore, some mechanisms may be rele-
vant to more than one disease. As such, studies
of SES–health gradients have begun to empha-
size a number of novel and/or integrative con-
ceptualizations of health and health risk. Pre-
clinical endpoints may be useful for research
that seeks to examine socioeconomic influences
on health, since they can help address con-
cerns regarding reverse causation, or the idea
that poor health influences SES in a down-
ward direction (Smith 1999). In addition, in-
tegrative models that assess risk across multi-
ple physiological systems may facilitate efforts
to determine how psychobiological risks accu-
mulate within individuals and across time. Fur-
ther, although uncommon, longitudinal studies
that examine SES and indicators of health risk
or subclinical disease at multiple time points
create opportunities to understand how asso-
ciations among SES, underlying pathways, and
health evolve across the life course and can help
establish opportunities for early prevention and
intervention efforts. Additional research has fo-
cused on how physiological parameters can be
measured in the real world to better understand
how psychosocial experiences in everyday life
influence SES–health associations. Finally, a
novel line of research has focused on the neuro-
biological implications of socioeconomic status.

Subclinical Measures
of Atherosclerosis

A variety of methods are available to non-
invasively estimate risk for a future cardio-
vascular event, even in the absence of clini-
cally relevant symptoms or diagnoses. These
include ultrasound measures of carotid artery
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atherosclerosis and computed tomography as-
sessment of calcification in the coronary
arteries and other arterial beds. Research
using these tools has identified associations be-
tween adult, childhood, cumulative, and area-
based SES markers with the prevalence or
extent of atherosclerosis and with more rapid
progression of carotid atherosclerosis (Diez
Roux et al. 2005, Gallo et al. 2001, Lemelin et al.
2009). Importantly, null findings have appeared
in the literature (Kop et al. 2005), and find-
ings are somewhat varied across ethnic and gen-
der groups (Diez Roux et al. 2005, Ranjit et al.
2006). Although psychosocial factors have also
been related to subclinical outcomes in prior re-
search, few studies have specifically addressed
the role of these pathways in connecting SES
with subclinical CVD. Gallo and colleagues
(Gallo et al. 2001) showed that depression and
anxiety explained a small amount of shared
variance between education and atherosclerotic
burden (specifically, aortic calcification) in a
cohort of middle-aged women. Left ventric-
ular mass is another marker of risk for later
CVD events. In a sample of children and ado-
lescents, neighborhood and family SES was
related to greater cardiovascular reactivity to
stress, which, in turn, was associated with left
ventricular mass (Gump et al. 1999). Given
their utility and accessibility, subclinical CVD
measures can facilitate efforts to test integra-
tive models of SES, psychobiological path-
ways, and early markers of CVD risk in future
research.

Allostatic Load

The allostatic load model proposes that the
stress-related physiological alterations that oc-
cur as the body attempts to restore allostasis
following stress [i.e., the process of “maintain-
ing stability through change” (McEwen 1998)]
can over time lead to dysregulation in mul-
tiple interrelated physiological systems. Even
if this dysregulation is only moderate, when
it occurs across multiple systems, the summa-
tive effects are posited to be health damag-
ing. Allostatic load is generally operational-

ized by a summary index reflecting the num-
ber of extreme values on neuroendocrine mark-
ers of the SAM and HPA systems and on
markers of cardiovascular (e.g., blood pres-
sure) and metabolic (e.g., waist circumference,
glucose regulation) functioning—an approach
used in the MacArthur Studies of Successful Ag-
ing (Karlamangla et al. 2002). Neuroendocrine
markers are considered primary mediators of
the cascade of physiological processes that, in
turn, foster cardiovascular and metabolic dys-
function (secondary outcomes of allostatic load)
and ultimately raise risk for morbidity, mortal-
ity, and functional decline (considered tertiary
outcomes; McEwen & Seeman 1999). In recent
work, elevations of inflammatory markers have
been incorporated into models of allostatic load
(Seeman et al. 2004).

Various conceptualizations of allostatic load
predict risk of CVD, all-cause mortality, phys-
ical decline, and cognitive dysfunction (Karla-
mangla et al. 2002, 2006; Seeman et al. 1997).
In addition, some research suggests that allo-
static load is more predictive of varied health
outcomes than are the individual risk compo-
nents it comprises, i.e., the whole is greater than
the sum of the parts (Karlamangla et al. 2002,
Seeman et al. 1997), and that psychosocial path-
ways of interest to SES researchers, such as
stress, depression, and social variables, relate
to allostatic load (Clark et al. 2007, Seeman
et al. 2002). However, this model is still being
tested and elaborated, and important outstand-
ing issues remain to be resolved, e.g., which pa-
rameters to use, whether both static and dy-
namic measures should be included, and how
they should be weighted and aggregated. In
addition, the longitudinal research that would
be necessary to verify sequential associations
among stressors, alterations in primary medi-
ators, emerging changes in cardiovascular and
metabolic functioning, and distal health out-
comes has yet to be performed.

Moreover, although the allostatic model
may be a useful approach in efforts to examine
how SES-related adversity fosters health
risks over time, few studies to date have
actually examined associations between SES
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and allostatic load. A recent review (Dowd
et al. 2009) identified seven such studies
and described mixed evidence both for the
relationship between SES and allostatic load
and for the hypothesis that allostatic load
mediates associations between SES and various
physical health outcomes. For example, in
analyses based on the MacArthur Study of Suc-
cessful Aging (Seeman et al. 2004), allostatic
load explained more than one-third of the
difference in mortality risk between high- and
low-SES groups (with SES represented as a di-
chotomized index of education). In contrast, a
study in Taiwan did not find evidence that allo-
static load contributed to associations between
SES and health outcomes, such as limitations in
activities of daily living, and overall perceived
health (Hu et al. 2007). In general, as further
described below, Dowd et al. (2009) reported
more consistent evidence for associations
between SES and cardiovascular and metabolic
facets than for relationships with neuroen-
docrine markers of allostatic load. These
findings create doubt concerning the utility of
the overall framework, given the primary role
neuroendocrine factors are posited to have and
the fact that cardiovascular and metabolic risk
factors are already well-established predictors
of CVD. Subsequent to this review, three
papers have been published based on the
National Health and Nutrition Examination
Survey III. Two reported associations between
neighborhood SES and allostatic load (e.g.,
Merkin et al. 2009), and the third showed that
poverty status was associated with allostatic
load, but only in participants younger than age
60 (Crimmins et al. 2009). To our knowledge,
only one study has examined psychosocial
pathways in the SES–allostatic load relation-
ship. Kubzansky and colleagues (1999) found
that the association between SES and allostatic
load was partially explained by variations in
hostile cognition. In sum, the current literature
is mixed, and additional research is needed
to determine the utility of this framework to
understanding SES–health disparities and the
roles that psychobiological pathways have in
them.

Neuroendocrine Factors. A comprehensive
review of the relationship between SES and
cortisol in 26 studies concluded that research
that takes into account the circadian rhythm
of hormones may be most useful (Dowd et al.
2009). Specifically, although average cortisol
levels across the 26 studies were unrelated to
SES, lower SES was more consistently associ-
ated with a blunted pattern of diurnal secre-
tion of salivary cortisol, though whether this
corresponded to a higher or lower overall ex-
posure to cortisol varied by study. This is not
surprising, given that both hypo- and hyper-
secretion of cortisol have been connected with
poor health (Heim et al. 2000). Some research
also suggests that the pattern of association be-
tween SES and cortisol differs by gender. In
the Whitehall Study, cortisol output over the
day was higher in low-SES men but lower in
low-SES women (Steptoe et al. 2003). Addi-
tional analyses indicated that, at least in part,
these differences might reflect gender by SES-
related differences in job stress (i.e., demands
and control; Kunz-Ebrecht et al. 2004). Sim-
ilarly, in the same study, a blunted pattern of
salivary cortisol secretion with lower employ-
ment grade and wealth was obtained in men
but not women (Kumari et al. 2010). These as-
sociations were mediated by smoking and sleep
duration. Thus, the nature of the relationship
between SES and HPA regulation is complex,
and moderating factors are an important focus
for future research in the area.

Surprisingly few studies are available with
regard to associations between SES and SAM
activation. In a healthy volunteer sample,
the lower a combined SES index based on
income and education, the higher the uri-
nary epinephrine and norepinephrine averaged
across two 24-hour periods (S. Cohen et al.
2006). Smoking, not eating breakfast, and low
social network diversity were the primary me-
diators of these associations. In the Coronary
Artery Risk Development in Young Adults
study sample, lower SES, whether measured
by education, occupation, or income, was as-
sociated with higher overnight levels of nore-
pinephrine and epinephrine ( Janicki-Deverts
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et al. 2007). Smoking and depressive symp-
toms scores partially accounted for these asso-
ciations. Among a large population-based sam-
ple of Taiwanese middle-aged and older men
and women, neither overnight epinephrine nor
norepinephrine was related to education or in-
come in men or women, with the exception of
an unexpected association of higher education
with higher catecholamines in women (Dowd
& Goldman 2006). Cultural factors may ac-
count for the difference in results across the two
studies.

Another concept related to SAM activation
is cardiovascular reactivity to psychological
stressors, i.e., the magnitude of blood pressure
and heart rate change in response to chal-
lenge. Individual differences in cardiovascular
reactivity to stress are associated with future
hypertension and atherosclerosis ( Jennings
et al. 2004, Matthews et al. 2004). The few
studies of SES and reactivity to standardized
psychological stressors show inverse associa-
tions in most but not all studies, perhaps due to
the difficulty of employing tasks that are equally
familiar to individuals of all SES levels (Steptoe
& Marmot 2002). Interestingly, low SES, in
conjunction with cardiovascular reactivity,
predicts subclinical atherosclerosis (Lynch
et al. 1998). We know of only one study that
has traced psychosocial pathways connecting
SES to cardiovascular reactivity; the findings
indicated that hostility represented an impor-
tant mediating pathway in black but not white
adolescents (Gump et al. 1999). In Whitehall
II, low employment grade was associated with
low-frequency heart rate variability, an index
of parasympathetic activation; job control and
behavioral factors statistically explained the
association (Hemingway et al. 2005).

Cardiovascular and Metabolic Markers.
Additional research has addressed the associa-
tion between SES and the metabolic syndrome,
a well-established aggregation of metabolic and
cardiovascular risk factors that cluster together
more than expected based on chance alone and
the presence of which portends high risk for
negative health outcomes including CVD, di-

abetes, kidney disease, and all-cause mortal-
ity (Gami et al. 2007). Although measurements
of the metabolic syndrome vary, it is gener-
ally defined as three or more of the following:
elevated fasting glucose (or medicated for di-
abetes), waist circumference, and blood pres-
sure (or medicated for hypertension), and lipid
dysregulation, including lowered high-density
lipoprotein cholesterol or elevated triglycerides
(or medication for the same).

A large body of research shows that indi-
viduals with low SES are at high risk for the
metabolic syndrome. This relationship holds
for diverse measures of SES (Carnethon et al.
2004, Chichlowska et al. 2008, Manuck et al.
2010). Null findings have also appeared in the
literature (Lucove et al. 2007), and the SES gra-
dient may be stronger in women than in men,
although some evidence has supported the asso-
ciation in men as well. Among other variables,
health behaviors may contribute to social dis-
tributions of metabolic syndrome, particularly
given the close ties to obesity, caloric intake, and
physical activity (Ramsay et al. 2008). Further-
more, research has shown that psychosocial fac-
tors relate to metabolic syndrome (Goldbacher
& Matthews 2007) and that they may be impor-
tant factors connecting low SES with metabolic
syndrome risk (Gallo et al. 2007, Lehman et al.
2005, Matthews et al. 2008), as elaborated else-
where in this review.

AMBULATORY MEASURES
OF BIOMARKERS

Additional research concerning psychobiolog-
ical pathways measures standard biomarkers in
home, work, and school environments as op-
posed to the laboratory or clinic. Advantages in-
clude greater ecological validity, although at the
same time, the technologies can influence the
processes being observed, and reliability could
be reduced due to measurement in uncontrolled
settings. One example of this approach is studies
that measure levels of stress hormones in saliva
across the day in relation to HPA axis research.
Salivary measurements have been used to mea-
sure other hormones as well and may lead to an
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expansion of the types of biomarkers that can
be studied in an ambulatory context of varying
SES groups.

Other studies have focused on ambulatory
measures of blood pressure and heart rate to
evaluate cardiovascular responses in everyday
life. Research suggests that 24-hour ambulatory
blood pressure is a better predictor of clinical
cardiovascular events than is clinic/doctor’s of-
fice blood pressure (Conen & Bamberg 2008).
Moreover, high nighttime blood pressure or
a high night/day ratio of blood pressure is
particularly prognostic of future events, espe-
cially among hypertensives (Fagard et al. 2008).
When synchronized with diary entries of mood
and stress, ambulatory data can be used to test
specific hypotheses about the types of events
that trigger elevations and in which individuals
acute rises in blood pressure and heart rate are
most likely to occur. Several studies that classi-
fied individuals by occupational groups showed
that lower-SES individuals have elevated day-
time blood pressure or heart rate (Gallo et al.
2004, Matthews et al. 2000a, Steptoe et al.
2003). Adolescents who are from lower-income
neighborhoods have higher ambulatory blood
pressure and heart rate than those from higher-
income neighborhoods. Moreover, among ado-
lescents from poorer families or neighbor-
hoods, negative mood experienced at the time
of the blood pressure assessment is related to
higher blood pressure levels (McGrath et al.
2006). Furthermore, individuals with lower
SES fail to exhibit the nighttime fall in blood
pressure that is otherwise health protective
(Campbell et al. 2008). However, associations
are not always found in the expected direc-
tion. In a convenience sample of non-Hispanic
whites and Hispanics, 24-hour blood pressure
was higher in less-educated whites but lower in
less-educated Hispanics (Steffen 2006). Steffan
suggested that a lack of “Anglo” acculturation
(i.e., low acculturation to mainstream U.S. cul-
ture) accounted for the unexpected results ob-
served in Hispanics.

One possible explanation for the failure of
blood pressure to fall at night in lower-SES
individuals is sleep disruption, which has been

PSG:
polysomnography

proposed as a potential mediator of SES–health
relationships. Sleep characteristics can also be
measured reliably in the home by actigraphy or
polysomnography (PSG) in combination with
sleep logs. Actigraphy measures movement and
infers sleep in the absence of significant move-
ment; PSG bases its assessment of sleep on
brain activity and respiration. In two multieth-
nic samples of middle-aged adults, lower indi-
vidual SES related to less-efficient sleep (taking
longer to fall asleep or being awake longer after
sleep onset) based on actigraphy (Lauderdale
et al. 2006, Mezick et al. 2008) and PSG (Mez-
ick et al. 2008). Self-reported financial strain
was also related to sleep inefficiency in a mul-
tiethnic sample of women (Hall et al. 2009).
This pattern of results is consistent with the
less-efficient sleep measured in the clinic set-
ting among lower-income women (Friedman
et al. 2007) and with self-reported poorer sleep
quality shown in low-SES persons in a num-
ber of studies (Mezick et al. 2008, Sekine et al.
2006). It is noteworthy that this body of work
has also revealed striking ethnic differences in
sleep, with African Americans in general hav-
ing shorter and less continuous in-home sleep
compared to non-Hispanic whites, usually in-
dependent of SES (Hall et al. 2009, Lauderdale
et al. 2006, Mezick et al. 2008).

OTHER BIOMARKERS

Inflammation/Immune Function

Markers of inflammation and immune func-
tioning are believed to be key processes in many
infectious illnesses and chronic diseases. In ad-
dition, a growing body of literature links var-
ied indicators of SES with inflammatory mark-
ers (for reviews, see Aiello & Kaplan, 2009 and
Nazmi & Victora 2007), although some vari-
ability across age and ethnic groups has been
noted (Gruenewald et al. 2009, Rathmann et al.
2006). A comparison of healthy adults matched
on current SES who came from high- ver-
sus low-SES families of origin revealed that
early-life low SES was associated with resis-
tance to glucocorticoid signaling, which in turn

www.annualreviews.org • SES and Physical Health 4.17

R

E V I E
W

S
 

I
N

 

A
D V A N

C
E

 

Changes may still occur before final publication online and in print.

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

01
1.

62
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

or
ne

ll 
U

ni
ve

rs
ity

 o
n 

09
/0

2/
10

. F
or

 p
er

so
na

l u
se

 o
nl

y.



PS62CH04-Matthews ARI 7 July 2010 1:15

facilitated exaggerated adrenocortical and in-
flammatory responses (Miller et al. 2009). This
suggests a root biological pathway that devel-
ops early in life and may underlie the link be-
tween SES and inflammatory responses. Al-
though the majority of the research in this area
has focused on inflammatory markers, Cohen
and his colleagues (2004) found that adults who
experienced lower SES in childhood displayed
decreased resistance to upper respiratory in-
fections. Other research has identified socioe-
conomic gradients in seroprevalence of single
pathogens and overall burden of pathogens that
have previously been linked with CVD risk
(Steptoe et al. 2007, Zajacova et al. 2009).

Although studies have also demonstrated
that various psychological and social factors
of interest in health disparities research re-
late to markers of inflammation and immune
functioning (McDade et al. 2006, Ranjit et al.
2007), little research has explored psychosocial
pathways in relation to SES. One study found
that variables such as chronic stress, depres-
sion, and social support explained minimal co-
variation between SES and CRP and IL-6; be-
havioral variables such as smoking, BMI, and
sleep quality seemed to play more important
roles (Gruenewald et al. 2009). Additional re-
search is needed, and although still in its early
stages, this area of work provides a promising
avenue for research that seeks to explore psy-
chobiological mechanisms in the SES–health
gradient.

Brain

Ultimately the brain must play a central role
in understanding how SES influences physical
health, and studies that take advantage of
new methods to measure brain structure and
function have promise (McEwen 2007). Brain
regions relevant to psychological perspectives
on SES include those involved in regulation
of central and peripheral nervous system
functions important for mood regulation,
threat and award appraisals, and adaptation
to chronic and repeated stressors. These areas
include the hippocampus, hypothalamus, and

prefrontal cortex and their subunits (Hackman
& Farah 2009). With regard to brain structure,
compared to healthy adults with higher scores
on subjective SES, those with lower scores had
reduced gray matter volume in the rostral area
of the anterior cingulate cortex, a corticolimbic
brain region involved in experiencing emotion
and regulating cardiovascular reactivity to
psychological stress (Gianaros et al. 2007a). In-
terestingly, in the same sample, individual-level
(education, income) and community-level SES
measures were unrelated to gray matter volume
in the anterior cingulate. Healthy adults who
had more adverse childhood events had smaller
anterior cingulate cortex volumes (R.A. Cohen
et al. 2006), and healthy elderly women with a
history of chronic stress had smaller hippocam-
pal volume (Gianaros et al. 2007b). With regard
to brain function, healthy young adults whose
parents had lower SES had greater amygdala
activity in response to angry faces than did
those whose parents had higher SES, whereas
there were no differences in response to neutral
or surprised faces (Gianaros et al. 2008). These
findings were independent of the participants’
own subjective SES. Taken together, these data
suggest that SES may be related to structure
and function of specific brain regions involved
in emotional regulation and appraisal of stress-
ful circumstances, but that the effects of SES
vary according to the specific measure being
examined.

Another relevant line of research has fo-
cused on associations between SES and brain
neurotransmitters, especially those related to
health outcomes. One illustration of this ap-
proach examines the monoamine neurotrans-
mitter, serotonin. Serotonin-releasing neurons
originate in the raphe nuclei of the midbrain
and project to nearly all areas of the central ner-
vous system, including the cerebral cortex and
its subunits. Research spearheaded by Manuck,
Muldoon, and their colleagues shows that indi-
viduals low in central serotonergic responsivity
are at elevated risk for hostile attributes, cen-
tral adiposity, high blood pressure, metabolic
syndrome, and carotid atherosclerosis (Manuck
et al. 2006, Muldoon et al. 2004). Furthermore,
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healthy adults with less education and lower
income have attenuated serotonergic respon-
sivity (Matthews et al. 2000b), as do adults who
reside in census tracts that have greater poverty
and unemployment, lower-priced housing, and
lower median education (Manuck et al. 2005).
The latter effects for census tract remained after
statistical adjustments for individual-level SES.
Although few studies examine direct neurobio-
logical pathways in relation to SES to date, this
research area has potential.

CHALLENGES TO
PSYCHOLOGICAL THEORIES
OF SOCIOECONOMIC STATUS
AND HEALTH

Demographic Variables as Moderators

We have painted a picture suggesting that SES
is robustly related to health across many popu-
lations and settings. Although this is true, psy-
chological perspectives must also take into ac-
count the variability in associations as mod-
els become more sophisticated. For example,
a number of studies suggest that SES gradients
in health outcomes such as mortality (Marmot
& Shipley 1996) and biological risk (Crimmins
et al. 2009) diminish in older ages. This pattern
may be explained to some extent by survivor
biases, whereby the remaining population (i.e.,
those who have survived into old age) is an espe-
cially resilient group of individuals who may be
less vulnerable to the detrimental health effects
of low SES. In addition, this trend may be most
evident in relation to specific SES indicators
(e.g., income, occupational status) with less rel-
evance in the elderly. Research in younger pop-
ulations also suggests that associations between
SES and overall health remain relatively con-
stant, whereas relationships of SES with spe-
cific health outcomes vary according to devel-
opmental phase (Chen et al. 2006).

Additional research suggests that the nature
of SES–health disparities may be stronger for
one gender than another. For example, steeper
gradients were observed in some studies for
women for CVD (Thurston et al. 2005), dia-

betes (Maty et al. 2008), and biological risk pro-
files (Phillips et al. 2009). On the other hand,
the association between education and all-cause
mortality may actually be larger in men than
in women, although this difference may de-
pend on contextual factors such as marital status
(Montez et al. 2009). To the extent that there
are gender differences in SES gradients for ma-
jor health outcomes, they may reflect a similar
social patterning of risk factor differences, e.g.,
the more salient association between SES and
obesity in adult women than in men (McLaren
2007), resulting in a larger SES–CVD or SES–
diabetes association, and a stronger contribu-
tion of smoking-related deaths to educational–
mortality gradients in men than in women
(Montez et al. 2009). Social influences may also
contribute to these patterns. For instance, SES–
mortality gradients could be steeper in men be-
cause they experience clearer gains in standard
of living with higher educational attainment or
occupational status relative to women. Con-
versely, women with low SES may experience
compounded stress created by leading single-
parent households or through social stressors
such as domestic violence or gender discrimi-
nation. Given the complexities involved and the
fact that gender differences in SES disparities
may depend on selected SES markers, specific
health outcomes of interest, age of participants,
and marital status (for discussion, see Thurston
et al. 2005), the general recommendation is that
researchers should consider gender a possible
moderating factor and where appropriate con-
sider different psychosocial pathways.

SES–health differentials have also varied by
race and ethnicity (Smith 2000). From a con-
ceptual perspective, this variability is not sur-
prising. It seems logical that ethnic minority
groups with low SES may experience a multi-
plicative health burden, reflecting a dispropor-
tionate burden of stress due to ethnic discrim-
ination, residential segregation, etc., resulting
in worse health outcomes at low SES levels
for ethnic minorities than for whites and fos-
tering steeper gradients. These trends may be
especially salient for the most historically dis-
advantaged groups, such as African Americans
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(Williams & Jackson 2005). However, ethnic
minorities might also experience “diminishing
returns” or a “glass ceiling” effect that negates
the health benefits associated with high socioe-
conomic attainment, leading to flattened gra-
dients (Myers 2009). The situation is further
complicated when research concerns ethnic mi-
nority populations with substantial numbers
of immigrants, given intricate associations be-
tween health and migration trends. Moreover,
sociocultural resources or protective behavioral
tendencies could protect some ethnic or im-
migrant groups from the health impact of low
SES, and immigrants may also demonstrate the
socioeconomic health gradients of their coun-
tries of origin, which may be reversed in unde-
veloped settings. Indeed, SES–health gradients
have been found to be flattened or inconsistent
within and among Hispanic and Asian popu-
lations. The ability to untangle the influences
of SES and ethnicity/race on health is com-
plicated by the substantial covariation between
these demographic constructs and by variability
in the meaning and implications of SES indica-
tors across ethnic and national origins groups,
as discussed elsewhere (e.g., Krieger et al. 1997).
Overall, it seems important to consider SES and
ethnicity concurrently and for possible ethnic
differences in SES gradients to be routinely ex-
plored. In addition, national origins must be
attended to, since substantial heterogeneity is
likely when large pan-ethnic groupings (e.g.,
Asian, Latino) are examined.

Study Design Issues

Most research concerning SES and health has
been observational in design. By their nature,
these studies cannot establish causation. Espe-
cially in the mental health arena, researchers
have argued that health determines the ability
to achieve and sustain a high SES. Observa-
tional studies, even if they are longitudinal, are
not typically designed to evaluate the individual
components of SES or to take a developmen-
tal perspective. Moreover, rarely do the studies
allow for detailed assessments of psychobiolog-

ical pathways. In consequence, strong conclu-
sions are not easily drawn.

The most rigorous study designs are ran-
domly assigned experiments or interventions.
Experimental approaches can be useful to eval-
uate short-term effects of changes in rank or in
access to resources on intermediate biomarkers
of health. For example, experimentally induced
subordinate or superior status can aid in un-
derstanding short-term changes in some of the
proposed pathways. Several studies have used
this approach. Induced subordinate status led
to increases in negative affect and greater blood
pressure reactivity to stressors in prior research
(Mendelson et al. 2008, Mendes et al. 2001).
A brain-imaging study showed that viewing a
higher-status in comparison with a lower-status
individual led to greater activation in the dor-
solateral prefrontal cortex while playing an in-
teractive economic game (Zink et al. 2008). In
a condition where relative status was updated
throughout the game, i.e., unstable status con-
dition, showing a higher-status individual to the
participant led to increases in activity in the
right amygdala, posterior cingulate, and medial
prefrontal cortex, which were not observed in
the stable status condition.

Manipulating exposures to the types of sit-
uations thought to covary with socioeconomic
environments may be fruitful as well. For ex-
ample, in manipulated conditions where ado-
lescents were provided information that would
improve their performance on stressful tasks
versus control and decision making over as-
pects of the tasks, findings showed that having
information and control related to lower car-
diovascular responses during stressful tasks, but
only among adolescents from low-SES families
(Chen 2007). Furthermore, in this study, having
information was more important than having
control in reducing cardiovascular reactivity.
Another illustration comes from work on threat
appraisals as a mediating factor. The rationale
underlying this work is that lower-SES environ-
ments expose individuals to more events that
are potentially or actually harmful. An adaptive
response to such environments is to be vigi-
lant for possible threat. This perspective also
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posits that to the extent that individuals per-
ceive or anticipate threat in their environments,
even where the situations are ambiguous,
greater physiological costs result. To test these
ideas, vignettes have been prepared where neg-
ative outcomes or ambiguous outcomes to
social situations are presented, and individ-
uals are interviewed about their interpreta-
tions of the events. In children and adults,
lower-SES individuals make more appraisals of
threat in ambiguous situations than do higher-
SES individuals. Furthermore, the threat ap-
praisals lead to greater physiological reactiv-
ity to stressors in laboratory and field exper-
iments (Chen & Matthews 2001, Flory et al.
1998).

Natural experiments can also be informa-
tive. In a longitudinal study of the mental
health of rural children, a local casino opened
and hired a substantial number of unemployed
American Indians in the community. Children
who moved out of poverty over time due to
parental hiring showed decreased signs of anti-
social behavior (Costello et al. 2003). Although
no physical health data were reported, this type
of study demonstrates the utility of taking ad-
vantage of available naturalistic experiments.
Such an opportunity is available currently, with
the downturn in the economy and its impact
on families. These examples demonstrate new
ways to test psychological theory that have been
underutilized.

CONCLUSIONS AND
DIRECTIONS FOR
FUTURE RESEARCH

The field of health psychology has much to of-
fer to the understanding of how SES leads to
poor health, and in this section, we summa-
rize several key points and suggest future direc-
tions for research. As we have reviewed, SES is a
rich concept that comprises not one construct,
but many. SES may be viewed at the individ-
ual, family, and neighborhood levels; it may be
conceptualized objectively or subjectively. SES
may also be viewed in a more dynamic manner,
i.e., by examining changes or variability over

the life course. That variability in the SES gra-
dient differs by age, gender, and ethnicity sug-
gests that multiple approaches to measurement
of SES would be useful. For example, subjective
SES measures may be informative in minor-
ity groups where there are barriers to achieving
higher education or attaining a very prestigious
occupation. Neighborhood SES may be helpful
in areas where the in- and out-migration is rel-
atively minimal. We recommend that psychol-
ogists use multiple measures of SES to examine
which aspects are more important for health,
e.g., resources versus rank, and to better ex-
plore potential psychosocial mediators. In this
way, more accurate theoretical models can be
developed.

The life course perspective on SES is sup-
ported by a great deal of empirical evidence.
It is clear that lower SES in childhood has a
long-lasting influence into adulthood, even if
the factors underlying these trends remain un-
clear. The current literature is sufficiently con-
sistent to suggest that efforts to understand the
influence of SES in adulthood must take into ac-
count the family origins of participants, or bet-
ter yet, measure prospectively exposures to low
SES throughout the life course. Developmen-
tal psychology has amassed a strong literature
concerning the influence of family, neighbor-
hood, and school environments on the devel-
opment of children’s emotional, cognitive, and
social skills (Bradley & Corwyn 2002). This re-
search provides clues about the types of envi-
ronments that may lead to poor health in later
life and could assist in the design and testing of
developmental hypotheses.

Conceptual models suggesting that SES–
health associations begin early in life and that
risks are cumulative illustrate the need to move
beyond research that focuses on adult SES in
relation to a single clinical disease. Novel mea-
sures of health and health risk are a useful
adjunct to traditional approaches to studying
SES–health gradients. We have reviewed evi-
dence suggesting that SES is connected to sub-
clinical CVD, metabolic syndrome, ambula-
tory blood pressure, sleep, inflammation, and
immune function. Stress hormones are less
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clearly linked to SES. We also described the few
studies concerning SES and brain morphology
and function, which are important given that
ultimately the brain must be involved in un-
derstanding psychosocial pathways. Currently
very few of these investigations have included
the next step of examining psychosocial medi-
ators. Nonetheless, these outcomes would be
well suited to serve as surrogate endpoints in
experimental and longitudinal designs that ex-
amine individuals prior to the usual onset of
chronic illnesses.

Despite strong interest, there are relatively
few reports on psychosocial pathways connect-
ing SES and health. The fairly minimal avail-
able evidence does suggest that a lack of pos-
itive interpersonal and intrapersonal resources
in individuals with low SES may be a pathway,
whereas less evidence supports the role of stress.
We suggest that the weaker data for stress may
be due to measurement issues, since stress expo-
sures and responses may not be adequately cap-
tured through general measures of perceived
stress or life events or that the specific types of
stress exposures and responses differ by SES.
Nonetheless, the more general point is that the
field requires additional studies with multiple
measures of SES to better establish the role of
psychosocial factors. Fortunately, many large
data sets are becoming publicly available and
have at least some, albeit limited, psychosocial
measures.

We have not touched upon the fact that be-
yond theories of stress and emotion, other psy-
chological theories are relevant to understand-
ing the pathways connecting SES and health.
For example, theories of social power (control
of others), social comparison (how one views
oneself relative to others), social exclusion, and
feelings of rejection by the majority are based
on a large literature and are relevant to SES
mechanisms. Although most of these theories

have appropriately focused on cognitive and so-
cial skills, motivation, and social relationships
as outcomes, they have the potential to provide
more detailed information on the processes by
which low SES impacts physical health.

We have highlighted a number of integra-
tive approaches: the concept of allostatic load,
indices that combine exposures to psychosocial
and physical stressors, models of reserve capac-
ity with the elaboration of cultural reserves, and
early family environments described as risky,
chaotic, and conflictual. Furthermore, research
that incorporates experimental approaches or
that takes advantage of natural experiments
should yield important data. Incorporation of
biomarkers into theory-based experimental re-
search would demonstrate their utility more
directly.

On the basis of existing evidence summa-
rized here, we suggest that the study of the path-
ways connecting SES and health from a psycho-
logical perspective is promising. Associations
between the candidate variables and either SES
or health have been demonstrated. The field is
now establishing which candidate variables may
serve as mediators and which have limited util-
ity. It has identified some novel biomarkers and
approaches. Although more work is needed, it
is clear that psychosocial factors are an impor-
tant focus in efforts to understand the influence
of SES on health. We need to continue to make
progress so that the next steps can be pursued;
i.e., designing and testing interventions based
on understanding psychosocial pathways so that
the health disparities associated with SES can be
ameliorated. Such efforts will require expand-
ing the knowledge base and training health psy-
chologists in other relevant disciplines to fa-
cilitate a transdisciplinary approach. These are
exciting times for scientists who are or will be-
come interested in unraveling the mystery of
the gradient.

SUMMARY POINTS

1. SES is a multifaceted concept that can be measured at the individual, family, and com-
munity levels.
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2. It should not be assumed that the associations between SES and health are the same in
populations that vary by age, gender, and race/ethnicity.

3. SES begins to exert an influence early in life, with effects extending into adulthood.

4. The relatively few reports on psychosocial pathways suggest that a lack of positive in-
terpersonal and intrapersonal resources in individuals with low SES may be a pathway
connecting SES and health. There is less evidence supporting stress and stress hormones
as a pathway.

5. Integrative approaches to understanding SES-related health disparities are being tested
and refined: the concept of allostatic load, indices that combine exposures to psychosocial
and physical stressors, model of reserve capacity with the elaboration of cultural reserves,
and early risky family environments.

6. Novel measures of biomarkers, health, and health risk, e.g., subclinical CVD, sleep,
inflammation, and brain function, are associated with SES and constitute a useful adjunct
to traditional approaches of identifying pathways to frank disease.

7. Experimental approaches can facilitate testing the application of relevant psychological
theory to inform factors underlying the SES gradient.

FUTURE ISSUES

1. Examine multiple facets of SES simultaneously to better understand their independent
and interactive relationships with health.

2. Develop and examine models of SES and health that accommodate potential differences
according to age, gender, and race/ethnicity.

3. Formulate and explicitly test integrative models so that they can be refuted or refined by
evidence.

4. Mine population-based studies for evaluation of psychobiological pathways.

5. Employ different, more comprehensive approaches to stress assessment, given the weak
evidence in the current literature concerning stress as a pathway in SES and health.

6. Develop and test evidence-based interventions to reduce health-damaging psychobio-
logical processes and to enhance health-promoting processes involved in the SES-health
links.
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Gump BB, Matthews KA, Räikkönen K. 1999. Modeling relationships among socioeconomic status, hostility,
cardiovascular reactivity, and left ventricular mass in African American and white children. Health Psychol.
18(2):140–50

Gump BB, Reihman J, Stewart P, Lonky E, Darvill T, Matthews KA. 2007. Blood lead (Pb) levels: a poten-
tial environmental mechanism explaining the relation between socioeconomic status and cardiovascular
reactivity in children. Health Psychol. 26(3):296–304

Hackman DA, Farah MJ. 2009. Socioeconomic status and the developing brain. Trends Cogn. Sci. 13(2):65–73
Hall MH, Matthews KA, Kravitz HM, Gold EB, Buysse DJ, et al. 2009. Race and financial strain are inde-

pendent correlates of sleep in midlife women: the SWAN Sleep Study. Sleep 32(1):73–82
Hallqvist J, Lynch J, Bartley M, Lang T, Blane D. 2004. Can we disentangle life course processes of accu-

mulation, critical period and social mobility? An analysis of disadvantaged socio-economic positions and
myocardial infarction in the Stockholm Heart Epidemiology Program. Soc. Sci. Med. 58(8):1555–62

Hatch SL, Dohrenwend BP. 2007. Distribution of traumatic and other stressful life events by race/ethnicity,
gender, SES and age: a review of the research. Am. J. Community Psychol. 40(3–4):313–32

Heim C, Ehlert U, Hellhammer DH. 2000. The potential role of hypocortisolism in the pathophysiology of
stress-related bodily disorders. Psychoneuroendocrinology 25:1–35

Hemingway H, Shipley M, Brunner E, Britton A, Malik M, Marmot M. 2005. Does autonomic function link
social position to coronary risk? The Whitehall II study. Circulation 111(23):3071–77

Hu P, Wagle N, Goldman N, Weinstein M, Seeman TE. 2007. The associations between socioeconomic
status, allostatic load and measures of health in older Taiwanese persons: Taiwan social environment and
biomarkers of aging study. J. Biosoc. Sci. 39(4):545–56

Janicki-Deverts D, Cohen S, Adler NE, Schwartz JE, Matthews KA, Seeman TE. 2007. Socioeconomic status is
related to urinary catecholamines in the Coronary Artery Risk Development in Young Adults (CARDIA)
study. Psychosom. Med. 69(6):514–20

4.26 Matthews · Gallo

R

E V I E
W

S
 

I
N

 

A
D V A N

C
E

 

Changes may still occur before final publication online and in print.

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

01
1.

62
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

or
ne

ll 
U

ni
ve

rs
ity

 o
n 

09
/0

2/
10

. F
or

 p
er

so
na

l u
se

 o
nl

y.



PS62CH04-Matthews ARI 7 July 2010 1:15

Jennings JR, Kamarck TW, Everson-Rose SA, Kaplan GA, Manuck SB, Salonen JT. 2004. Exaggerated blood
pressure responses during mental stress are prospectively related to enhanced carotid atherosclerosis in
middle-aged Finnish men. Circulation 110:2198–203

Karlamangla AS, Singer BH, McEwen BS, Rowe JW, Seeman TE. 2002. Allostatic load as a predictor of
functional decline. MacArthur studies of successful aging. J. Clin. Epidemiol. 55(7):696–710

Karlamangla AS, Singer BH, Seeman TE. 2006. Reduction in allostatic load in older adults is associated with
lower all-cause mortality risk: MacArthur studies of successful aging. Psychosom. Med. 68(3):500–7

Khang YH, Lynch JW, Yang S, Harper S, Yun SC, et al. 2009. The contribution of material, psychosocial,
and behavioral factors in explaining educational and occupational mortality inequalities in a nationally
representative sample of South Koreans: relative and absolute perspectives. Soc. Sci. Med. 68(5):858–66

Kop WJ, Berman DS, Gransar H, Wong ND, Miranda-Peats R, et al. 2005. Social network and coronary
artery calcification in asymptomatic individuals. Psychosom. Med. 67(3):343–52

Krieger N, Williams DR, Moss NE. 1997. Measuring social class in US public health research: concepts,
methodologies, and guidelines. Annu. Rev. Public Health 18:341–78

Kubzansky LD, Kawachi I, Sparrow D. 1999. Socioeconomic status, hostility, and risk factor clustering in the
Normative Aging Study: any help from the concept of allostatic load? Ann. Behav. Med. 21(4):330–38

Kuh D, Ben-Shlomo Y, Lynch J, Hallqvist J, Power C. 2003. Life course epidemiology. J. Epidemiol. Community
Health 57(10):778–83

Kumari M, Badrick E, Chandola T, Adler NE, Epel E, et al. 2010. Measures of social position and cortisol
secretion in an aging population: findings from the Whitehall II study. Psychosom. Med. 72:27–34

Kunz-Ebrecht SR, Kirschbaum C, Steptoe A. 2004. Work stress, socioeconomic status and neuroendocrine
activation over the working day. Soc. Sci. Med. 58:1523–30

Kuper H, Adami HO, Theorell T, Weiderpass E. 2007. The socioeconomic gradient in the incidence of
stroke: a prospective study in middle-aged women in Sweden. Stroke 38(1):27–33

Lachman ME, Weaver SL. 1998. The sense of control as a moderator of social class differences in health and
well-being. J. Personal. Soc. Psychol. 74(3):763–73

Lauderdale DS, Knutson KL, Yan LL, Rathouz PJ, Hulley SB, et al. 2006. Objectively measured sleep char-
acteristics among early-middle-aged adults: the CARDIA study. Am. J. Epidemiol. 164(1):5–16

Lehman BJ, Taylor SE, Kiefe CI, Seeman TE. 2005. Relation of childhood socioeconomic status and family
environment to adult metabolic functioning in the CARDIA study. Psychosom. Med. 67:846–54

Lehman BJ, Taylor SE, Kiefe CI, Seeman TE. 2009. Relationship of early life stress and psychological
functioning to blood pressure in the CARDIA study. Health Psychol. 28(3):338–46

Lemelin ET, Diez Roux AV, Franklin TG, Carnethon M, Lutsey PL, et al. 2009. Life-course socioeco-
nomic positions and subclinical atherosclerosis in the multi-ethnic study of atherosclerosis. Soc. Sci. Med.
68(3):444–51

Lovasi GS, Hutson MA, Guerra M, Neckerman KM. 2009. Built environments and obesity in disadvantaged
populations. Epidemiol. Rev. 31:7–20

Lucove JC, Kaufman JS, James SA. 2007. Association between adult and childhood socioeconomic status and
prevalence of the metabolic syndrome in African Americans: the Pitt County Study. Am. J. Public Health
97(2):234–36

Luecken LJ, Appelhans BM, Kraft A, Brown A. 2006. Never far from home: a cognitive affect model of the
impact of early-life family relationships on physiological stress responses in adulthood. J. Soc. Personal.
Relat. 23:189–203

Lynch JW, Everson SA, Kaplan GA, Salonen R, Salonen JT. 1998. Does low socioeconomic status potentiate
the effects of heightened cardiovascular responses to stress on the progression of carotid atherosclerosis?
Am. J. Public Health 88(3):389–94

MacLeod J, Davey-Smith G, Metcalfe C, Hart C. 2005. Is subjective social status a more important determinant
of health than objective social status? Evidence from a prospective observational study of Scottish men.
Soc. Sci. Med. 61(9):1916–29

Manuck SB, Bleil ME, Petersen KL, Flory JD, Mann JJ, et al. 2005. The socio-economic status of communities
predicts variation in brain serotonergic responsivity. Psychol. Med. 35:519–28

Manuck SB, Kaplan JR, Lotrich FE. 2006. Brain serotonin and aggressive disposition in humans and nonhuman
primates. In Biology of Aggression, ed. RJ Nelson, pp. 65–113. New York: Oxford Univ. Press

www.annualreviews.org • SES and Physical Health 4.27

R

E V I E
W

S
 

I
N

 

A
D V A N

C
E

 

Changes may still occur before final publication online and in print.

A
nn

u.
 R

ev
. P

sy
ch

ol
. 2

01
1.

62
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

by
 C

or
ne

ll 
U

ni
ve

rs
ity

 o
n 

09
/0

2/
10

. F
or

 p
er

so
na

l u
se

 o
nl

y.



PS62CH04-Matthews ARI 7 July 2010 1:15

Manuck SB, Phillips JE, Gianaros PJ, Flory JD, Muldoon MF. 2010. Subjective socioeconomic status and
presence of the metabolic syndrome in midlife community volunteers. Psychosom. Med. 72(1):35–45

Marmot MG, Bosma H, Hemingway H, Brunner E, Stansfeld S. 1997. Contribution of job control and other
risk factors to social variations in coronary heart disease incidence. Lancet 350(9073):235–39

Marmot MG, Shipley MJ. 1996. Do socioeconomic differences in mortality persist after retirement? A 25 year
follow up of civil servants from the first Whitehall study. Br. Med. J. 313(7066):1177–80

Matthews KA, Flory JD, Muldoon MF, Manuck SB. 2000b. Does socioeconomic status relate to central
serotonergic responsivity in healthy adults? Psychosom. Med. 62(2):231–37

Matthews KA, Gallo LC, Taylor SE. 2010. Are psychosocial factors mediators of socioeconomic status and
health connections? A progress report and blueprint for the future. In Biology of Disadvantage: Socioeconomic
Status and Health, ed. NE Adler, J Stewart. Ann. N.Y. Acad. Sci. 1186:146–73

Matthews KA, Katholi CR, McCreath H, Whooley MA, Williams DR, et al. 2004. Blood pressure reactivity
to psychological stress predicts hypertension in the CARDIA study. Circulation 110(1):74–78
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