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Low socioeconomic status (SES) increases the risk for developing psychiatric and chronic medical disorders. A stress-related
pathway by which low SES may affect mental and physical health is through the perception of holding a low social standing,
termed low subjective social status. This proposal implicates overlapping brain regions mediating stress reactivity and
socioemotional behaviors as neuroanatomical substrates that could plausibly link subjective social status to health-related
outcomes. In a test of this proposal, we used a computational structural neuroimaging method (voxel-based morphometry) in a
healthy community sample to examine the relationships between reports of subjective social status and regional gray matter
volume. Results showed that after accounting for potential demographic confounds, subclinical depressive symptoms,
dispositional forms of negative emotionality and conventional indicators of SES, self-reports of low subjective social status
uniquely covaried with reduced gray matter volume in the perigenual area of the anterior cingulate cortex (pACC)�a brain region
involved in experiencing emotions and regulating behavioral and physiological reactivity to psychosocial stress. The pACC may
represent a neuroanatomical substrate by which perceived social standing relates to mental and physical health.
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Health and longevity track a socioeconomic gradient.

Low socioeconomic status (SES)�defined as having fewer

resources or holding a lesser social standing than

others�increases the risk for most major medical diseases

(Adler et al., 1993, 1994, 1999) and prevalent psychiatric

disorders, particularly psychopathologies of mood and sub-

stance abuse (Kessler et al., 1994; Lorant et al., 2003). Low SES

has long been thought to affect mental and physical health, in

part, through stress-related psychosocial and biobehavioral

pathways (Dohrenwend, 2000; Marmot, 2004). Hence, low

SES has been associated with symptoms of psychological

distress and negative emotionality (Kessler and Cleary, 1980;

Mirowsky and Ross, 1986; Gallo and Matthews, 2003),

with maladaptive behavioral coping responses to stressful

life circumstances (Kessler et al., 1985) and with putatively

pathogenic endpoints of the neuroendocrine and autonomic

stress-response axes (Steptoe et al., 2003; Cohen et al., 2006).

Despite these largely epidemiological associations, however,

the neuroanatomical substrates linking SES to health

outcomes via stress-related pathways remain speculative.

As a multidimensional and multilevel construct, SES is

conventionally measured by a number of different indicator

variables, which can be referenced to a single person, to a

person’s family, or to members of a person’s residential

community. Importantly, conventional indicators of SES,

which include educational, monetary and occupational

characteristics, are often only modestly correlated with one

another, and they may reflect relatively distinct pathways by

which different dimensions of SES can affect health over the

lifespan (Braveman et al., 2005). Moreover, conventional

SES indicators are not thought to fully characterize an

individual’s perception of her or his relative standing or

ranking in a social hierarchy, formally termed subjective

social status (Cohen et al., 1997; Kaplan and Manuck, 1999;

Wilkinson, 1999; Adler et al., 2000; McEwen, 2000a; Steptoe

and Marmot, 2002; Sapolsky, 2005b). Consequently,

conventional SES indicators may not fully capture the

presumptive stress-related dimension of low socioeconomic

position; namely, the subjective perception of holding a low

social status.

To this end, Adler and coworkers (2000) have recently

developed and validated a single-item, self-anchoring scale to

reliably assess subjective ratings of perceived social status.

This scale is presented to respondents as a pictorial ‘social

ladder’ of where people rank in a social hierarchy (Figure 1A;

appendix). On the ladder, respondents mark the rung

corresponding to their perceived standing or ranking

within a particular social group, such as other individuals
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residing in a respondent’s country. In line with prior

speculations on perceived social standing and health,

lower social ladder rankings have been associated with

adverse physical and mental health outcomes in both cross-

sectional (Adler et al., 2000; Ostrove et al., 2000; Singh-

Manoux et al., 2003; Kopp et al., 2004; Operario et al., 2004;

Hu et al., 2005) and prospective (Singh-Manoux et al., 2005)

studies. Lower social ladder rankings have also been

associated with autonomic and metabolic risk factors for

all-cause mortality, including a higher basal heart rate and a

greater central body fat distribution (Adler et al., 2000).

Finally, lower social ladder rankings have been associated

with plausible neuroendocrine mediators of disease risk,

including an exaggerated rise in the stress-hormone, cortisol,

on awakening from sleep (Wright and Steptoe, 2005) and a

non-habituating cortisol response to recurrent psychological

stress (Adler et al., 2000). Critically, social ladder rankings in

the forgoing studies have predicted both health outcomes

and related risk factors not only after accounting for

correlated variation in conventionally-defined levels of SES

(e.g. education and income levels), but also after accounting

for potential reporting biases attributable to state and trait

forms of negative emotionality and social hostility�support-

ing theoretical considerations that emphasize the relative

importance of perceived social standing in association with

health-related outcomes (Adler et al., 1994; Marmot, 2004).

On the view that the perception of holding a low standing

in a human social hierarchy is a source of psychosocial stress

associated with low socioeconomic position, negative

emotionality and maladaptive changes in behavior and

physiology, McEwen (McEwen and Seeman, 1999; McEwen,

2000a) and others (Blanchard, McKittrick and Blanchard,

2001; Sapolsky, 2005a, 2005b) have speculated that the

neuroanatomical substrates linking perceived social standing

to health-related risk factors likely involve paralimbic brain

areas that jointly (i) support social and emotional informa-

tion processing; (ii) regulate neuroendocrine and autonomic

nervous system activity; and (iii) express well-characterized

morphological (structural) changes in association with

conditions of chronic stress in non-human animal models.

Although several paralimbic brain areas likely meet one or

more of these criteria, there is cumulative evidence from

non-human animal studies of social hierarchies and chronic

stress to implicate three in particular: the anterior cingulate

cortex (ACC), the hippocampus and the amygdala

(for reviews, see McEwen, 2000a; Blanchard et al., 2001;

Fuchs and Flugge, 2003; Sapolsky, 2003; Radley and

Morrison, 2005).

Together, the ACC, hippocampus and amygdala are

viewed to represent networked components of a distributed

corticolimbic circuitry that coordinates behavior with

neuroendocrine [hypothalamic-pituitary-adrenal (HPA)]

and autonomic (sympathoadrenal) function in the service

of adaptively coping with emotionally salient environmental

and psychosocial challenges (Fuchs and Flugge, 2003;

Phillips et al., 2003). Non-human animal work further

indicates that chronic and social stressors are associated with

unique structural changes in the ACC, hippocampus and

amygdala. For example, chronic stressors, such as prolonged

immobilization, simplify the branching complexity and

shorten the length of apical dendrites of pyramidal neurons

in the rat ACC (Cook and Wellman, 2004; Radley et al.,

2004; Radley and Morrison, 2005; Radley et al., 2006).

In both rodent and non-rodent animal models, housing in

dominance hierarchies also remodels pyramidal neurons

in the CA3 region of the hippocampus, and it arrests the

proliferation of new neurons in the dentate gyrus, two types

of cellular changes that may partly contribute to a decrease

in hippocampal volume (Magarinos et al., 1996; McKittrick

et al., 2000; Blanchard et al., 2001; McEwen, 2001; Fuchs and

Fig. 1 Lower subjective social status, as reflected by a lower self-reported ranking on a ‘social ladder’, was associated with reduced gray matter volume in the perigenual area of
the anterior cingulate cortex (pACC). (A) Illustration of 10-point social ladder scale used to assess subjective social status (instructions provided in the appendix). (B) Overlaid on a
sagittal view of an anatomical template generated from the present sample is a statistical parametric map of color-scaled t-values, which illustrate the pACC area where lower
subjective social status was associated with reduced gray matter volume in a multiple regression analysis. The regression analysis controlled for conventional indicators of personal
socioeconomic status (assessed by family income and education) and community socioeconomic status (assessed by census tract information reflecting social advantage), as well
as age, sex and total gray matter volume. (C) Plotted along the y-axis is the standardized (z-score) gray matter volume from the peak pACC voxel within the cluster of voxels
profiled in B. Plotted along the x-axis are social ladder rankings from the scale illustrated in A (1¼ ‘Worst Off’, 10¼ ‘Best Off’). �P< 0.001.
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Flugge, 2003; Sapolsky, 2003). In contrast to these atrophy-

like changes that occur in the ACC and hippocampus,

chronic stressors, such as prolonged immobilization, result

in some forms of hypertrophy in the rat amygdala, mediated

in part by an increase in the dendritic length and branching

complexity of neurons in the basolateral complex

(Vyas et al., 2002; Vyas et al., 2003; Vyas et al., 2004).

Such chronic stress-related changes in the cellular and

macroscopic morphology of the ACC, hippocampus and

amygdala can result from alterations in central glucocorti-

coid levels and receptor densities, acting in conjunction

with alterations in the transmission and expression of

excitatory amino acids and neurotrophic factors that

regulate cellular plasticity and neurogenesis (McEwen,

2000a, 2000b; Fuchs and Flugge, 2003; Sapolsky, 2005b).

Thus, from a psychosocial stress perspective developed

within the context of the above animal findings, low

subjective social status (a putative stress-related dimension

of low socioeconomic position) could plausibly covary with

changes in the morphology of the ACC, hippocampus or

amygdala.

Here, we thus employed a computational neuroanatomi-

cal strategy in a cross-sectional neuroimaging study to

examine the association between individual differences in

subjective social status�as reflected by social ladder ran-

kings�and an in vivo marker of regional brain morphology:

gray matter volume. Specifically, we used optimized voxel-

based morphometry (Ashburner and Friston, 2000;

Good et al., 2001) in a healthy community sample to

question (i) whether subjective social status covaries with

regional gray matter volume in the ACC, hippocampus or

amygdala, and (ii) whether subjective social status uniquely

covaries with regional gray matter volume in these targeted

regions above-and-beyond potentially confounding demo-

graphic and psychological factors as well as conventional

indicators of personal and community SES.

METHOD
Participants
Participants were 44 men (mean age¼ 45.5; range¼ 31–54

years) and 56 women (mean age¼ 44.0; range¼ 31–53

years) who were recruited from a parent study, the

Adult Health and Behavior (AHAB) project. AHAB is a

community-based registry of 1379 non-patient, middle-aged

adults residing in Southwestern Pennsylvania (primarily

Allegheny County), USA who were recruited by mass mail

solicitations. Participants were ineligible for the neuroima-

ging protocol described as follows if they had (i) any history

of cardiovascular disease or surgery, including a prior

myocardial infarction or coronary revascularization; (ii) a

prior stroke or cerebrovascular disease; (iii) any neurological

disorder, prior convulsions, or a concussion in the year prior

to testing; (iv) chronic kidney or liver disease; (v) cancer;

(vi) insulin-dependent diabetes; (vii) resting systolic/

diastolic blood pressure �180/110 mm Hg; (vii) current

use of psychotropic, hyperlipidemic, or cardiovascular

medications; and (ix) a lifetime history of Bipolar I or

psychotic symptoms, or any current DSM-IV Axis I

diagnoses, as assessed by the Structured Clinical Interview

for DSM-IV, non-patient edition (First et al., 1996). Women

who were pregnant or lactating were also ineligible, as were

individuals taking psychotropic, glucocorticoid, or weight-

loss medications. Participants provided informed consent

before completing study protocols, which were approved by

the University of Pittsburgh Institutional Review Board.

Of the 100 participants, 88 identified their race as

Caucasian, seven as being of African decent, one as Asian

decent and four as ‘other’ or ‘multi-racial’. At testing,

39 men and 39 women reported being employed full- or

part-time; remaining individuals reported that they were

(i) seeking employment (four men, one woman),

(ii) currently a homemaker (15 women) or (iii) retired

(one man, one woman). Also at testing, 32 men and

42 women were married or living with a partner; others were

separated (two women), divorced (three men, four women)

or single (nine men, eight women). Participants’ general

intellectual ability, as estimated by combined performance

on the vocabulary and matrix reasoning subtests of the

Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler,

1997), was 116.5 (s.d.¼ 10.3; range¼ 83–139). Other sample

characteristics are provided in Table 1.

Study measures
Subjective social status. Ratings of subjective social

status were derived from the MacArthur Scale of Subjective

Social Status (Adler et al., 2000; available at: http://

www.macses.ucsf.edu/). For this 10-point scale, participants

were provided with an image of a ‘social ladder’, and they

were asked to place an ‘X’ on the rung corresponding to their

standing or ranking in relation to other individuals in the

United States according to income, education and occupa-

tional prestige (see Figure 1A for illustration and the

appendix for complete instructions).

Conventional indicators of personal and community
SES. Personal SES was assessed from a composite measure

of educational attainment and pretax family (household)

income. Participants’ educational attainment, coded accord-

ing to six categories, was distributed as follows: no high

school diploma (n¼ 1); high school diploma or some

technical training (n¼ 16); an associate’s degree or some

college without a bachelor’s degree (n¼ 16); bachelor’s

degree (n¼ 47); master’s degree (n¼ 15); and doctoral

degree (n¼ 5). Participants’ family income in US dollars,

coded according to eight categories, was distributed as

follows: <$10 K (n¼ 3); $10–14.999 K (n¼ 3); $15–24.999 K

(n¼ 4); $25–34.999K (n¼ 9); $35–49.999 K (n¼ 14);

50–64.999 K (n¼ 25); 65–79.999 K (n¼ 17); and �$80 K

(n¼ 25). As in our prior reports (Matthews et al., 2000;

Manuck et al., 2005), we computed a composite indicator of

personal SES by averaging the standardized (z-score) values
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of the two index variables�educational attainment and

family income�for each individual.

Community SES was assessed from US Census Bureau

variables measured at the level of census tracts, which

geographically subsume blocks and groups of blocks

comprising residential areas of �4000 individuals. By zip

code, participants resided in 82 different tracts. For all tracts,

the following variables were extracted from the Year 2000 US

Census Report (available at: http://factfinder.census.gov/):

(i) median household income (in 1999 US dollars);

(ii) percentage of adults >25 years of age holding a bachelor’s

degree or higher; (iii) proportion of households with

incomes falling beneath the federally designated poverty

line; and (iv) percentage of households with a female head of

household, with no spouse present and one or more children

<18 years of age (i.e. single mother households, as a

proportion of all households with two or more residents).

Distributions of the latter two census variables were

normalized by natural log-transformation prior to further

data reduction. To compute a composite indicator of

community SES following our prior reports (Manuck

et al., 2005; Petersen et al., 2006), census variables were

submitted to a principal components analysis, from which

we retained any factor with an eigenvalue >1. As expected,

census variables loaded onto a single factor (median factor

loading¼ 0.86; range¼ –0.76 to 0.92), which accounted for

73.4% of the total variance in the four variables. A composite

indicator of community SES was then calculated for each

participant by averaging the standardized (z-score) values for

the four census variables (after adjusting variables for

loading direction), whereby higher community SES values

were taken to represent relative socioeconomic advantage at

the tract level. One participant did not provide a zip code,

and was assigned the mean community SES value

(z score¼ 0).

Depressive symptoms, recent life stress and
psychological characteristics related to negative
emotionality and hostility. In addition to depressive

symptoms, our analyses described later accounted for

recent levels of life stress and psychological characteristics

that could plausibly covary with ratings of subjective social

status or that have been treated as covariates in prior studies

of subjective social status (e.g. Adler et al., 2000). Depressive

symptoms were assessed using the 20-item version of the

Table 1 Descriptive statistics for demographic, psychological and socioeconomic variables, and their univariate correlations with subjective social status,
personal SES and community SES (N¼ 100)

Variable Descriptive statistics Univariate correlations with subjective social status and conventional SES indicators

Subjective statusa Personal SESb Community SESc

M s.d. r r r

Demographic variables
Age (years) 44.6 6.8 0.12 0.17y 0.11
Intellectual ability (WASI) 116.5 10.3 0.04 0.24� 0.10

Psychological variables
Depressive symptoms (CES-D)d 5.2 5.9 –0.17y –0.22� –0.14
Recent life stress (PSS) 11.6 5.9 –0.33�� –0.24� –0.24�

Pessimism (LOT-R) 9.1 2.7 0.18y 0.16 0.09
Negative affect (PANAS)d 13.3 4.3 –0.27�� –0.14 –0.03
Cynicism (CMHS) 5.6 3.2 –0.05 –0.18y –0.16
Hostile affect (CMHS) 1.9 1.2 –0.19y –0.15� –0.16
Aggressive responding (CMHS) 3.2 1.7 0.03 –0.21� –0.16
Hostile attributions (CMHS) 3.1 2.4 –0.19y –0.20� –0.16
Social avoidance (CMHS) 1.6 1.2 –0.15 0.02 0.05

Socioeconomic variables
Educational attainmente 5.4 1.7 0.27�� 0.68�� 0.22�

Family incomef 6.0 1.8 0.35�� 0.68�� 0.30��

Personal SESb 0.01 0.7 0.46�� 0.38��

Community SESc 0.07 1.0 0.31��

Subjective social status
Subjective status 6.6 1.3

WASI¼Wechsler Abbreviated Scale of Intelligence; CES-D¼ Center for Epidemiologic Studies Depression Scale; PSS¼ Perceived Stress Scale; LOT-R¼ Revised Life Orientation
Test; PANAS¼ Positive and Negative Affect Schedule; CMHS¼ Cook–Medley Scale; SES¼ socioeconomic status.
aDerived from social ladder ranking.
bComputed as the standardized average of educational attainment and family income.
cComputed as the standardized average of census-tract variables.
dVariable was natural-log transformed prior to statistical analysis.
eCoded according to six categories (see Method).
fCoded according to eight categories (see Method).
yP< 0.10. �P< 0.05. ��P< 0.01.
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Center for Epidemiologic Studies Depression Scale (CES-D;

Weissman et al., 1977). Recent levels of life stress, defined as

the extent to which an individual appraises life situations

over the last month as unpredictable, uncontrollable and

overloading, were assessed using the Perceived Stress Scale

(PSS; Cohen et al., 1983). Dispositional pessimism, which

reflects negative as opposed to positive (optimistic) general-

ized outcome expectancies, was assessed from the pessimism

scale of the Revised Life Orientation Test (LOT-R; Scheier

et al., 1994). Dispositional negative emotionality was

assessed using the trait negative affect scale of the Positive

and Negative Affect Schedule (PANAS; Watson et al., 1988).

Forms of dispositional hostility were assessed with the

Cook–Medley Hostility Scale (CMHS), a 50-item inventory

that provides index scores for five principal dimensions of

hostility: cynicism, hostile affect, hostile attributions to the

behavior of others, aggressive social response tendencies and

social avoidance (Cook and Medley, 1954; Barefoot et al.,

1989). Because of their positive distributional skew, scores

on the CES-D and PANAS negative affect subscale were

natural-log transformed prior to analysis. Summary statistics

for all scales are provided in Table 1.

Procedures for the assessment of regional gray
matter volume
Image acquisition. Structural neuroimaging data were

collected from the participants described earlier as part of

a protocol that was nested within the AHAB project. This

neuroimaging protocol was designed specifically to identify

neural correlates of individual differences in risk factors for

neuropsychiatric and cardiovascular disease. As part of the

protocol, high-resolution structural brain images were

acquired on a 3-Tesla Siemens Allegra scanner, equipped

with a standard birdcage radiofrequency head coil. Total

and regional gray matter volumes were assessed from

T1-weighted 3D fast-gradient magnetization prepared rapid

gradient-echo (MPRAGE) structural images (TR/TE¼ 1540/

3.0 ms; flip angle¼ 88; NEX¼ 1; bandwidth¼ 170 Hz/pixel;

echo spacing¼ 7.7 ms), which encompassed the whole brain

and consisted of 192 sagittal slices (1 mm thick; 0 mm

spacing between slices; matrix size¼ 256� 256 pixels;

FOV¼ 256 mm). Prior to the assessment of gray matter

volume, individual images were inspected for image distor-

tions and artifacts. After clearing all images for such

problems, raw images were realigned to the axial plane of

the anterior and posterior commissures.

Image processing. Optimized voxel-based morphome-

try was used to quantify regional (voxel-wise) and total gray

matter volume from MPRAGE images (Ashburner and

Friston, 2000; Good et al., 2001). All voxel-based morpho-

metry procedures were executed using statistical parametric

mapping software (SPM2; Wellcome Department of

Imaging Neuroscience; available at: http://www.fil.ion.ucl.

ac.uk/spm/) and MATLAB (The MathWorks, Inc.,

Natick, MA) scripts co-authored by John Ashburner and

Christian Gaser (available at: http://dbm.neuro.uni-jena.de/

vbm.html).

To determine regional and total gray matter volumes,

MPRAGE images from the present sample were first used to

create a study-specific (customized) T1-weighted template

along with tissue-specific (segmented) templates for gray

matter, white matter and cerebrospinal fluid. All templates

were normalized to the coordinate space of the International

Consortium for Brain Mapping (CBM) 152 template

(Montreal Neurological Institute; MNI), and they were

smoothed with an 8 mm FWHM Gaussian spatial filter prior

to subsequent processing. After template creation, each

participant’s T1-weighted MPRAGE image was segmented

into gray matter, white matter and cerebrospinal fluid

images with a mixture model cluster analysis that employed

the study-specific tissue templates as Bayesian prior prob-

ability maps of tissue intensity. During segmentation, image

intensities were bias-corrected for the influence of inhomo-

geneities in the magnetic field of the MR scanner. After

segmentation, individual gray matter images were spatially

normalized to the study-specific gray matter template using

affine transformations and smooth basis functions that

minimized global (and non-linear) squared differences

between each gray matter image and the template. Voxel

values in the resulting normalized gray matter images were

then multiplied (modulated) by the Jacobian matrix

parameters that were derived from spatial normalization.

Thus, the volume change introduced by deformation

(expansion and contraction) during spatial normalization

was incorporated into each voxel value, providing for each

participant a modulated image of voxel-wise gray matter

volume in milliliters. Prior to analysis, modulated (volu-

metric) gray matter images were smoothed with a 10-mm

FWHM Gaussian spatial filter to (i) accommodate individ-

ual differences in sulcal and gyral anatomy, and to (ii) meet

the distributional assumptions of the general linear models

that were used to examine voxel-wise gray matter volume in

relation to measures of subjective social status and

conventionally defined levels of personal and community

SES.

Data reduction and analysis by research question
Does subjective social status covary with regional gray
matter volume in the ACC, hippocampus or amygdala?
We addressed this question by conducting a multiple

regression analysis in SPM2, employing the framework of

the general linear model (Friston et al., 1995). In the model,

we tested whether subjective social status scores (derived

from social ladder rankings), personal SES (derived from the

composite of educational attainment and income levels)

and community SES (derived from the composite of census-

level variables) predicted gray matter volume in our regions-

of-interest. Each of these three primary explanatory factors

was treated as a continuous variable, and age, sex and

total gray matter volume were entered simultaneously as

pACC and perceived social standing SCAN (2007) 165
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confounding covariates. After the model’s regression param-

eters were estimated, we tested for associations between

subjective social status, personal SES and community SES

and voxel-wise gray matter volume within each region-of-

interest (bilateral anterior cingulate cortex, amygdala and

hippocampus). For this analytic region-of-interest approach,

we used anatomical masks defined by the Automated

Anatomical Labeling system available in the Wake-Forest

University Pick-Atlas (Maldjian et al., 2003). To correct for

multiple testing across all regions-of-interest, we employed a

voxel-wise statistical significance threshold of P< 0.05 using

the family-wise error rate (FWE) correction procedure.

Does subjective social status uniquely covary with
regional gray matter volume in regions of interest,
above-and-beyond demographic and psychological
factors and of conventional indicators of personal and
community SES? We addressed this question by conducting

a hierarchical multiple regression analysis. For the regres-

sion, we first extracted the unadjusted volume value from the

voxel coordinates localizing the peak association between

subjective social status and gray matter volume within a

region of interest at PFWE-corrected < 0.05. This gray matter

volume value was then imported into Statistical Package for

the Social Sciences 11.0 (SPSS, Chicago, IL), and it was used

as a dependent variable in a four-step hierarchical regression

model. In step 1, we entered age, sex and total gray matter

volume as standard covariates. In step 2, we entered a set of

psychological factors that included depressive symptoms

(assessed by the CES-D), recent levels of life stress (assessed

by the PSS) and�to constrain the total number of relevant

variables in the model�any additional psychological factor

that correlated with subjective social status ladder rankings

at P� 0.10 in ancillary univariate correlation analyses

summarized in Table 1 (note that by this criterion,

pessimism, negative emotionality, hostile affect and a

tendency to ascribe hostile attributions to the behavior of

others were included in this step of the model). In step 3, we

entered the conventional indicators of personal and com-

munity SES. In step 4, we entered subjective social status

scores derived from social ladder rankings. This hierarchical

regression approach allowed us to examine the unique

percentage of variance in gray matter volume explained by

the set of variables entered in each step, after accounting for

the influence of variables already entered in the model.

RESULTS
Relationships between subjective social status and
regional gray matter volume
ACC. Lower subjective social status, as indexed by a lower

social ladder ranking, was associated with reduced gray

matter volume in the perigenual area of the anterior

cingulate cortex (pACC), spatially encompassing

Brodmann areas 24 and 32 (Figure 1). This finding was

revealed by a multiple regression analysis of voxel-wise gray

matter volume in which conventional indicators of personal

and community SES were entered simultaneously as

additional explanatory factors (age, sex and total gray

matter volume were also entered as confounding covariates).

The MNI coordinates for the voxel of peak association

between lower subjective social status and reduced

pACC gray matter volume were x¼ –8, y¼ 45 and z¼ 1,

t(1, 93)¼ 3.8, PFWE-corrected¼ 0.01, Puncorrected < 0.001,

spatial extent¼ 3711 voxels. As shown in Figure 1C,

subjective social status scores accounted for �18% of the

variance in pACC volume centered at these coordinates,

R¼ 0.42, P< 0.001.

In contrast to the above findings, subjective social status

did not show a significant ‘negative’ association with gray

matter volume in any area of the ACC at a corrected or at a

more lenient uncorrected voxel-wise statistical significance

threshold (P< 0.001). Furthermore, neither of the conven-

tional indicators of personal or community SES showed a

positive or a negative association with gray matter volume in

the ACC at corrected or at uncorrected (P< 0.001) statistical

significance thresholds.

Hippocampus. Subjective social status ladder rankings

and conventional indicators of personal or community SES

did not show significant positive or negative associations

with regional gray matter volume in the hippocampus at

corrected or at uncorrected (P< 0.001) voxel-wise statistical

thresholds.

Amygdala. On initial analysis, subjective social status

showed a trend toward a negative association with gray

matter volume in the right amygdala (MNI coordinates

for peak association: x¼ 19, y¼ 0, z¼ –19, t(1, 93)¼ 2.3,

PFWE-corrected ¼ 0.10, Puncorrected¼ 0.01, spatial extent¼ 787

voxels). However, a closer inspection of this association,

reflecting increased amygdala gray matter volume as a

function of lower subjective social status, revealed that an

outlier (defined as expressing a right amygdala volume at

x¼ 19, y¼ 0, z¼ –19 more than 3 s.d. above the sample

mean) likely drove the association. In further analyses that

included and excluded the data for this outlying case, neither

subjective social status ladder rankings nor conventional

indicators of personal or community SES showed significant

positive or negative associations with amygdala gray matter

volume at corrected or at uncorrected (P< 0.001) voxel-wise

statistical thresholds.

Unique relationships between subjective social status
and gray matter volume in pACC
As expected, subjective social status scores correlated

significantly and at trend levels (P’s� 0.10) with depressive

symptoms, recent levels of life stress, dispositional negative

emotionality, pessimism, hostility and with conventional

indicators of personal and community SES (Table 1).

To determine whether subjective social status scores covaried

with gray matter volume in the pACC (identified by

the region-of-interest analysis previously described), above-

and-beyond demographic, psychological and conventional
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SES variables, we conducted a four-step hierarchical

multiple regression analysis. First, as summarized in

Table 2, social ladder rankings continued to account for an

appreciable percentage of the unique variance in pACC gray

matter volume after hierarchical control for all sets of

variables entered in the preceding three steps of the

model, step 4 �R2
¼ 0.13, F(1,87)¼ 14.4, P< 0.001.

Second, a noteworthy finding was that none of the first

three sets of variables in the model accounted for a

significant percentage of the variance in pACC gray matter

volume prior to entering subjective social status on the final

step (�R2 for all three steps� 0.06, P’s > 0.26;

Table 2)�suggesting that it is unlikely that these sets of

variables accounted for (or mediated) the association

between subjective social status and pACC volume. Third,

in an exploratory and ancillary five-step hierarchical

regression model predicting pACC volume using the same

initial four sets of variables shown in Table 2, we tested

for a possible interaction between subjective social status

and sex in the final step; however, the sex-by-subjective

social status interaction term did not approach statistical

significance, step 5 F(1, 86)¼ 1.3, �R2
¼ 0.01, P’s¼ 0.26).

In line with this finding, after covariate control for total

gray matter volume, we found that men and women

did not differ in pACC volume at x¼ –8, y¼ 45, and

z¼ 1, F(1, 97)¼ 0.66, P¼ 0.42 by ANCOVA.

Supplementary (exploratory) whole-brain analyses of
voxel-wise gray matter volume. We executed a whole-

brain multiple regression analysis to explore whether gray

matter volume in areas outside our targeted regions-

of-interest covaried with subjective social status, personal

SES or community SES, after employing appropriate

statistical control for inflated levels of Type I error.

Specifically, we employed an uncorrected voxel-wise thresh-

old of P< 0.001 (t� 3.18) in conjunction with an extent

threshold of 25 voxels for display and exploration; however,

any detected associations were considered significant at

P< 0.05 after cluster-level correction for multiple statistical

testing across the whole-brain volume. Again, age, sex and

total gray matter volume were treated as covariates in the

regression. We found that reports of lower subjective social

status, indexed by lower social ladder rankings, were

associated with reduced gray matter volume in only one

cluster of voxels, which encompassed three peak coordinates

that bilaterally bounded the coordinates for the pACC area

highlighted in Figure 1 (MNI coordinates for peak 1: x¼ 1,

y¼ 57, z¼ –4; peak 2: –8, 45, 1; peak 3: 4, 50, –7, t’s

(1, 93)>3.53, Pwhole-brain, cluster-level corrected ¼ 0.026, spatial

extent¼ 3538 voxels (Figure 2). In parallel to the above

region-of-interest analyses, subjective social status did not

show a significant negative association with gray matter

volume in any brain region. Finally, neither of the

conventional indicators of personal or community SES

showed a positive or negative association with gray matter

volume in any brain area (all corrected P’s > 0.20).

Supplementary analyses of total gray matter
volume. We found no evidence to suggest that subjective

social status, personal SES or community SES were

significantly associated with global cerebral integrity, as

indirectly indicated by ‘total’ gray matter volume in the full

sample (mean total gray matter volume¼ 678.8,

s.d.¼ 63.3 ml), or in men (mean¼ 726.4, s.d.¼ 47.3 ml)

and women (mean¼ 641.3, s.d.¼ 47.3 ml) considered

separately, all r’s� 0.12, P’s� 0.25.

Table 2 Summary of hierarchical regression analysis for variables predicting perigenual anterior cingulate gray matter volume (N¼ 100)

Model 1 Model 2 Model 3 Model 4

Standard
covariates

Life stress,
depressive symptoms,
and psychological variables

Conventional indicators
of personal and
community SES

Subjective social status

Variable � pr sr � pr sr � pr sr � pr sr

Age 0.04 0.04 0.04 –0.02 –0.02 –0.02 –0.04 –0.04 –0.04 –0.02 –0.03 –0.02
Sex (1¼male, 2¼ female) –0.10 –0.07 –0.07 –0.10 –0.08 –0.07 –0.07 –0.06 –0.05 0.01 0.01 0.01
Total gray matter volume –0.02 –0.01 –0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.02
Depressive symptoms –0.12 –0.09 –0.09 –0.10 –0.08 –0.08 –0.16 –0.13 –0.11
Recent life stress 0.14 0.10 0.09 0.19 0.13 0.12 0.28 0.20 0.18
Negative affect –0.12 –0.08 –0.08 –0.16 –0.11 –0.10 –0.11 –0.08 –0.07
Pessimism 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Hostile affect –0.03 –0.03 –0.03 –0.02 –0.02 –0.02 –0.01 –0.01 –0.01
Hostile attributions –0.13 –0.10 –0.10 –0.10 –0.08 –0.08 –0.09 –0.08 –0.07
Personal SES 0.14 0.13 0.12 –0.02 –0.02 –0.02
Community SES 0.08 0.07 0.07 0.03 0.03 0.03
Subjective social status 0.43� 0.38 0.36

Model Adjusted R2 –0.02 –0.03 –0.02 0.11
Step �R2 0.01 0.06 0.03 0.13
F for Step �R2 0.34 0.88 1.36 14.38�

�P< 0.001.
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DISCUSSION
Individuals who reported holding a low social standing in

the United States�as reflected by low subjective social status

ladder rankings�showed a reduced gray matter volume in

the pACC�a paralimbic brain region implicated in adaptive

emotional, behavioral and physiological responding to

environmental and psychosocial stressors (Vogt et al.,

1992; Diorio et al., 1993; Devinsky et al., 1995; Vogt et al.,

1995; Bush et al., 2000; Vogt, 2005). Furthermore, an

appreciable relationship between low subjective social status

and reduced pACC gray matter volume persisted after

accounting for the potential influence of several demo-

graphic and psychological factors and conventionally defined

levels of personal and community SES. However, in apparent

contrast to theoretical expectations derived from animal

models of psychosocial stress and structural remodeling in

paralimbic brain systems, individual differences in subjective

social status were not systematically associated with gray

matter volume in the hippocampus or the amygdala. While

the present findings do not establish a causal direction of

association, they do implicate reduced pACC gray matter

volume as a structural neural correlate of low subjective

social status, a presumptive stress-related dimension of

socioeconomic position that has been linked to dysregulated

neuroendocrine activity and to adverse mental and physical

health outcomes.

When subjectively judging one’s social status, an individ-

ual may consider several facets of social advantage and

disadvantage that accompany socioeconomic position,

including prior and anticipated life opportunities, access to

material resources and educational, monetary and occupa-

tional trajectories that unfold over the lifespan (Jackman and

Jackman, 1973; Singh-Manoux et al., 2003, 2005). According

to a life-history perspective, ratings of subjective social

status, such as those reflected by scores on the social ladder

scale used here, are thought to result from a so-called

‘cognitive averaging’ process, wherein individuals draw on

accumulated and anticipated life experiences related to

socioeconomic position in order to form a judgment

regarding their relative social standing (Singh-Manoux

et al., 2003). As such, subjective social status ratings are

not fully redundant with conventional indicators of SES

(e.g. absolute levels of income and education), which

themselves may not fully capture an individual’s perceived

social standing. In accordance with this perspective and with

prior findings (Adler et al., 2000; Goodman et al., 2003;

Singh-Manoux et al., 2003; Kopp et al., 2004; Operario et al.,

2004; Hu et al., 2005; Singh-Manoux et al., 2005; Wright and

Steptoe, 2005), social ladder rankings in the present sample

showed moderate correlations with conventional indicators

of both personal and community SES (Table 1). Hence,

individuals who earned a higher income, attained a higher

level of education, and resided in a more socially advantaged

community tended to rank themselves as higher in their

social standing�as reflected by social ladder rankings that

were anchored to the criteria of income, education and

occupational prestige in relation to other individuals living

in the United States. Taken together, these associations agree

with the view that individual differences in subjective social

status are closely related to, but not redundant with,

conventionally defined levels of socioeconomic position.

In this regard, is interesting to note that individual

differences in subjective social status, but not personal or

community SES, covaried with pACC gray matter volume in

the present sample. If replicated, these particular findings

could build on prior research to suggest a dissociation

between the neural correlates of subjective and conventional

dimensions of socioeconomic position at the level of brain

morphology.

Also agreeing with the view that subjective social status

partly reflects a dimension of socioeconomic position

associated with psychosocial stress and negative

Fig. 2 A whole-brain exploratory analysis demonstrated that lower subjective social status was associated with reduced gray matter volume only in the bilateral perigenual
anterior cingulate cortex (pACC), after cluster-level correction for multiple statistical testing across the entire brain volume (P< 0.05). Illustrating this pACC area is a statistical
parametric map of color-scaled t-values overlaid onto left (A) and right (C) sagittal sections and a coronal section (B) of an anatomical template derived from the present sample.
Montreal Neurological Institute coordinates in A–C refer to the distance in mm from the midline for sagittal sections (þ¼ right; –¼ left) and from the anterior commissure for
the coronal section.
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emotionality, lower social ladder rankings showed modest

to moderate correlations with higher levels of recent life

stress, subclinical depressive symptoms, negative affect,

pessimism and hostility (Table 1). These particular findings

accord with those from prior reports linking low subjective

social status with indicators of psychosocial stress and forms

of negative emotionality in the context of dysregulated

neuroendocrine activity (Adler et al., 2000; Wright and

Steptoe, 2005) and prospective risk for adverse self-reported

mental and physical health outcomes (Singh-Manoux et al.,

2005). We note, however, that the present cross-sectional

correlations cannot disambiguate the causal directions of

association between social ladder rankings, reports of life

stress and other psychological factors related to negative

emotionality. Indeed, it is both plausible and likely that the

perception of holding a low social standing is bi-directionally

related to such factors (Adler et al., 2000; Marmot, 2004).

Given our cross-sectional study design, we thus modeled

reports of life stress, indicators of emotionality, demographic

characteristics and conventionally defined levels of SES

as potential confounders and possible sources of reporting

bias. Notably, after hierarchical statistical control for

these factors, social ladder rankings continued to account

for an appreciable percentage of the unique inter-individual

variability in pACC gray matter volume (Table 2). As such,

it is unlikely that confounding demographic factors or that

state- or trait-related individual differences in psychological

characteristics potentially contributing to reporting

biases accounted for the association between low subjective

social status and reduced pACC gray matter volume.

As elaborated below, the present findings could thus

implicate the pACC as a candidate neural substrate that

could link subjective social status to previously documented

forms of dysregulated neuroendocrine activity and health-

related outcomes.

The ACC occupies much of the medial wall of the

prefrontal cortex, and it is an evolutionally old cortical

system common to mammals (Allman et al., 2001). Within

the anterior cingulate, there are regional differences in

cellular architecture and efferent and afferent projections

that largely correspond to functionally distinct subregions,

which have been nominally described in terms of a

supragenual cognitive-motor division, a subgenual visceral-

motor division, and an intermediate perigenual affective

division (Vogt et al., 1992; Devinsky et al., 1995; Vogt et al.,

1995; Bush et al., 2000; Vogt, 2005). The ACC subregion

identified in association with individual differences in

subjective social status in the present study largely overlaps

with the perigenual affective division, but extended some-

what into the more ventral subgenual visceral-motor

division (Figures 1 and 2). This pACC region has been

broadly implicated by human functional neuroimaging

studies and patient lesion studies as playing a critical

role in emotional experience and in regulating neuro-

endocrine and autonomic reactivity to psychological stress

(Bush et al., 2000; Critchley, 2003, 2005; Vogt, 2005).

Furthermore, reciprocal projections between the pACC and

other networked paralimbic brain circuits, including the

adjacent orbitofrontal cortex, the amygdala and the hippo-

campus, are held to support such functions as meeting the

demands of real or perceived environmental challenges,

mobilizing the neuroendocrine and autonomic stress-

response axes (via projections to cell groups in the

hypothalamus, midbrain and brainstem), and adaptively

reorienting behavior to shifting social and environmental

contingencies (Vogt et al., 1992; Devinsky et al., 1995; Vogt

et al., 1995; Bush et al., 2000; Critchley, 2005; Vogt, 2005).

In this framework, changes in the morphology or structural

integrity of the pACC in association with individual

differences in perceived social standing may thus impact a

range of functions supported by the pACC and networked

subregions of the cingulate and other paralimbic areas.

A unique relationship between low subjective social status

and reduced pACC gray matter volume could be specula-

tively interpreted from at least two perspectives. First,

according to a chronic social stress perspective posited by

McEwen (McEwen and Seeman, 1999; McEwen, 2000a) and

others (Blanchard et al., 2001; Sapolsky, 2005a, 2005b),

the emotional stress accompanying an enduring experience

of low social standing could remodel the pACC by cellular

mechanisms that have been detailed in prior rodent

studies of prolonged immobilization and dendritic atrophy

of the prelimbic and infralimbic areas of the ACC,

anatomical homologues of the human perigenual and

subgenual ACC, respectively (Ongur et al., 2003). Such a

chronic stress perspective has been described previously

with respect to the volumetric changes of the ACC and other

paralimbic brain areas, including the hippocampus and

amygdala, that have been documented in stress-related

psychiatric disorders, such as major depressive disorder

and post-traumatic stress disorder (Sheline, 2000; McEwen,

2000a, 2003, 2005; Fuchs and Flugge, 2003; Yamasue et al.,

2003; Campbell, Marriott, Nahmias and MacQueen, 2004;

Fuchs et al., 2004; Videbech and Ravnkilde, 2004; Sapolsky,

2005b; Karl et al., 2006; Woodward et al., 2006).

In extension, though, a chronic stress perspective would

also have predicted an association between low subjective

social status volumetric changes in the hippocampus and

amygdala, which were not observed in the present study.

We note that these null findings could be accounted for,

in part, by several factors. For example, it is possible

that low subjective social status relates to changes in the

cellular architecture, dynamic proliferation of new neurons,

or to changes in the volume of subnuclei within the

hippocampus or amygdala that are not detectable by

the voxel-based morphometry method used herein. It is

also possible that longitudinal, as opposed to cross-sectional,

assessments of subjective social status may better capture

the cumulative or chronic-stress related aspects of

perceived social standing over the lifespan, and may
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thus better predict volumetric changes in the hippocampus

and amygdala. In point, we have recently demonstrated

that prospective reports of chronic life stress, which were

measured over an �20-year period of life, predicted

decreased hippocampal volume in a healthy sample of

older women (Gianaros et al., 2007). Notwithstanding these

possibilities and study design limitations, a relationship

between low subjective social status and reduced pACC

volume could also be interpreted from a vulnerability

perspective.

More precisely, it is possible that a reduced gray matter

volume or an impaired structural integrity of the pACC

could predispose individuals toward viewing themselves

as holding a lower social standing than others. Such

predisposing individual differences in pACC volume could

result from several potentially interacting developmental

and genetic factors. For example, there is evidence that

exposure to early childhood stressors�particularly witness-

ing domestic violence or experiencing the death of a parent

or primary family member�predicts a decreased volume

of the ACC, but not hippocampus or amygdala, in

adulthood (Cohen et al., 2006)1. In addition, it has recently

been found that carriers of the short allelic variant of

a functional 5’ promoter polymorphism of the serotonin

(5-HT) transporter gene show an �25% reduction in pACC

gray matter volume in comparison with carriers of the long

allelic variant (Pezawas et al., 2005). These particular

findings underscore the important role of genetically

mediated 5-HT influence on ACC morphology, which

has been established in rodent models of the regulation

of synaptic plasticity and synaptogenesis by 5-HT during

early cortical development (Gaspar et al., 2003). In light of

these two perspectives, which respectively emphasize the

roles of chronic social stress and vulnerability, it will be

important for future longitudinal studies to account for

the possible influence of early, perhaps stress-related,

developmental and genetic factors on normative variation

in pACC gray matter volume in association with subjective

social status over the lifespan�as such studies may help

to determine whether low pACC volume results from

or contributes to individual differences in perceived

social standing.

It will also be important for future research to determine

whether there is a functional relationship between

individual differences in subjective social status, pACC

gray matter volume and pACC-dependent functions related

to potential biomediators of disease risk. Here, it is

noteworthy that rodent models have established an impor-

tant role of the ACC in regulating HPA activity under both

basal and stressful conditions (e.g. Diorio et al., 1993).

Furthermore, recent rodent models demonstrate that the

ACC is a target site for the negative-feedback effects

of glucocorticoids on stress-induced HPA activity, which

likely contribute to volumetric changes in the prelimbic

and infralimbic ACC subregions (Cerqueira et al., 2005a,

2005b). Finally, there is recent in vivo imaging evidence in

humans that reduced ACC volume is associated with HPA

axis dysregulation, as indicated by a non-suppressed cortisol

response to a dexamethasone challenge (MacLullich et al.,

2006). Thus, it is plausible that volumetric or other

morphological changes in the pACC could account in part

for the dysregulated forms of neuroendocrine�particularly

cortisol�reactivity that have been found among individuals

reporting a low subjective social status (Adler et al., 2000;

Wright and Steptoe, 2005).

While the present novel findings implicate reduced

pACC gray matter volume as a structural neural correlate

of low subjective social status, several study limitations

should be noted. First, we tested a modally Caucasian,

well-educated, higher-income and healthy sample of middle-

aged men and women without a psychiatric, neurological,

cerebrovascular or cardiovascular disease. Therefore,

the racial composition, socioeconomic distribution and

general health of our sample constrain extrapolations to

the general population. Furthermore, it is possible that by

studying otherwise healthy individuals at the upper end of

the socioeconomic distribution, we were unable to detect

relationships between individual differences in subjective

social status and volumetric changes in putatively stress-

sensitive paralimbic brain areas, such as the hippocampus

and amygdala. Finally, as noted earlier, because the present

study was cross-sectional, we cannot discount the notable

possibility that reduced pACC gray matter volume predis-

poses individuals toward perceiving themselves as holding

a low social standing.

To build on the present findings, an important next

step will to determine the social, environmental and possibly

genetic factors that characterize individuals who perceive

themselves as holding a low social standing and who exhibit

structural changes in the pACC that may reciprocally

relate to maladaptive forms of behavioral and physiological

reactivity to psychosocial stress. More broadly, we hold that

in the context of vulnerability and resilience to psychiatric

and other medical disorders, it is unlikely that the pACC

functions independently of other networked corticolimbic

areas, such as the amygdala and hippocampus, whose net

activity mediates complex neurobehavioral processes.

Notably, such processes include stress-related reactivity and

coping behaviors, which are likely to be impacted by

individual differences in perceived social standing. In this

regard, it is noteworthy that several studies have begun to

delineate how reciprocal circuitry between the pACC and

other corticolimbic areas facilitates the integration and

regulation of emotional information in the service of

adaptive behavioral responding to environmental challenge

(Phillips et al., 2003; Pezawas et al., 2005; Etkin et al., 2006;

1 In the context of the present findings, however, we note that the putative and parallel effects of early

childhood trauma and other potentially adverse early developmental experiences on perceived social standing

and pACC gray matter would, at least conceptually, be traumatic events and experiences that are not strongly

linked to individual differences in subclinical depression, negative affect, dispositional pessimism and other

related factors, because such factors were accounted for in our hierarchical regression models (Table 2).
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Hariri and Holmes, 2006). Importantly, increasing

evidence further indicates that a compromised structural

or functional coupling between the pACC and networked

corticolimbic areas�particularly in the context of environ-

mental adversity and genetic risk�may increase vulnerability

to psychiatric and medical syndromes characterized by

dysregulated emotion-related behaviors and physiology

(Hariri and Holmes, 2006). Based on the present findings,

it is thus reasonable to speculate that the dynamic interplay

between the pACC and anatomically networked corticolim-

bic areas, which are critical for stress-related coping behaviors

and emotion regulatory processes, may be compromised

among individuals of low perceived social standing.
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APPENDIX: INSTRUCTIONS FOR SOCIAL LADDER
SCALE OF SUBJECTIVE SOCIAL STATUS
‘Think of this ladder as representing where people stand

in the United States. At the top of the ladder are the

people who have the most money, most education, and

most respected jobs. At the bottom are the people who

have the least money, least education, and least respected

jobs or no job. The higher up you are on this ladder,

the closer you are to the people at the very top, and the lower

you are, the closer you are to the people at the very

bottom. Where would you place yourself on this ladder?

Please, place an ‘‘X’’ on the rung where you think you

stand at this time in your life, relative to other people in the

United States.’
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