
Preface      xv

understand the various perspectives and approaches and begin to build 
relationships and mutual respect that could be the basis of the research as 
reported in the chapters that follow. The basic set of links we try to under-
stand in this volume and a broad approximation of what different disci-
plines have examined is captured in figure P.1. Work from a variety of 
authors has established a clear link between SES and health. Unfortu-
nately, as we outline in chapter 1, assigning a clear causal pathway is dif-
ficult. Envisioning how SES alters health is easy, but poor health alters 
earnings capacity, so the direction of causation can go either way. Like-
wise, the intervening variable we explore in detail in this book is how SES 
affects basic biological processes. Poor social standing may influence 
health indirectly by heightening stress, impairing brain growth, triggering 
asthma, and slowing cognitive processes. From a research standpoint, that 
causal pathways can potentially move in both directions complicates the 
exercise. SES may affect health, but poor health also reduces wealth by 
requiring out-of-pocket spending and reducing work. Likewise, poor 
health in one area may directly influence biological processes, which in 
turn reduces earnings capacity and affects SES status.

This book has three main purposes. First, we hope to provide a resource 
for scholars interested in questions relating to SES and health who may 
not have expertise in either more socioeconomic dimensions or more bio-
logical dimensions. To that end, the first three chapters provide a guide to 
the current state of the literatures in the respective fields.

Socioeconomic
status

Biological
processes

Health

figure P.1  interdisciplinary schematic

Source: Authors’ compilation.
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2    Biological consequences of socioeconomic inequalities

positive health outcome such as life expectancy, and the curve represents 
the empirical relationship between the two variables. Although higher in-
come is associated with better health at all levels, the steepest association 
is at the bottom of the income distribution. As a result, and as shown in the 
figure, the relative gain in a given health outcome as the result of adding 
$100 to a person’s income (Ya to Ya + 100 versus Yb to Yb + 100) is greater for 
those whose incomes are lowest. This graph clearly portrays that the mar-
ginal benefit of additional income declines as income rises. Adding an ex-
tra $100 to income at Ya improves outcomes Ha to Ha*, but that same $100 
increment at Yb improves outcomes only marginally from Hb to Hb*.

The income-health gradient portrayed in figure 1.1 is widely interpreted 
to indicate that income causally influences health. At the same time, poor 
health can reduce a person’s productivity and hence income and wealth. 
These two scenarios lead to the question of whether low income leads to 
poor health or whether poor health leads to low income. Given that both 
may be true, the more appropriate question is the extent to which income 
affects health and the extent to which health affects income.

Health (H)

Hb*

Ha*

Hb

Ha

H = f(Y)

Ya Ya + 100 Yb Yb + 100 Income (Y)

figure 1.1  The income-health Relationship

Source: Authors’ figure.
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figure 1.3  marginal effects on income Dummy Variables, children, 
school absence Ten Days or longer

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (National 
Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.
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figure 1.2  marginal effects on income Dummy Variables, children, 
fair or Poor health

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.
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figure 1.4  marginal effects on income Dummy Variables, children, 
limitation on activity

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.

Fraction Answering Yes = 0.022

<$10K $10K−$20K $20K−$35K $35K−$55K $55K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.5  marginal effects on income Dummy Variables, children, 
hospital stay

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.
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Fraction Answering Yes = 0.198
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Income Group versus Reference Group (≥$75K)

M
ar

gi
na

l E
ffe

ct
 F

ro
m

 P
ro

bi
t

0.15

0.10

0.05

0.00

−0.05

figure 1.6  marginal effects on income Dummy Variables, children, 
emergency Room Visit

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.

Fraction Answering Yes = 0.026
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Income Group versus Reference Group (≥$75K)
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figure 1.7  marginal effects on income Dummy Variables, children, 
injury or Poisoning

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.
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8    Biological consequences of socioeconomic inequalities

more likely to be in fair or poor health than those whose family incomes 
exceed $75,000 are. The second is that although improvements in health 
occur across the range of family income, the graphs show a declining ben-
efit of higher income: an additional $10,000 at the bottom of the income 
distribution is linked to a greater improvement in the child’s health than 
is an additional income increase of $20,000 at the top.

The strength of the SES-health relationship is comparably large for 
adults. We document this using data from the Behavioral Risk Factor Sur-
veillance System (BRFSS), an annual cross-sectional sample of the U.S. 
noninstitutionalized population started by the Centers for Disease Con-
trol and Prevention (CDC) in 1984. Only fifteen states participated in the 
1984 BRFSS, but by 1994, BRFSS was collecting data from all states, the 
District of Columbia, and three U.S. territories.

Our sample of adults between age eighteen and seventy-four from all 
fifty states and the District of Columbia consists of 1,155,100 observations 

Fraction Answering Yes = 0.152

<$10K $10K−$20K $20K−$35K $35K−$55K $55K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.8  marginal effects on income Dummy Variables, children, 
asthma

Source: Authors’ calculations based on National Health Interview Survey 2001–2003 (Na-
tional Center for Health Statistics n.d.).
Note: Error bars represent 95 percent confidence intervals.
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Fraction Answering Yes = 0.146

<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.9  marginal effects on income Dummy Variables, adults, fair 
or Poor health

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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figure 1.10  marginal effects on income Dummy Variables, adults, 
mental health Days

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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Fraction Answering Yes = 0.211

<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.

figure 1.12  marginal effects on income Dummy Variables, adults, 
current smoker

Fraction Answering Yes = 0.361

<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.

figure 1.11  marginal effects on income Dummy Variables, adults, 
Bad Physical health Days
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Fraction Answering Yes = 0.250

<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.13  marginal effects on income Dummy Variables, adults, 
obese

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.14  marginal effects on income Dummy Variables, adults, 
overweight

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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Fraction Answering Yes = 0.229

<$10K $10K−$20K $20K−$35K $35K−$50K $50K−$75K
Income Group versus Reference Group (≥$75K)
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figure 1.15  marginal effects on income Dummy Variables, adults, 
no exercise

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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figure 1.16  marginal effects on income Dummy Variables, adults, 
ages eighteen to seventy-four, limited fruits and 
Vegetables

Source: Authors’ calculations based on Behavioral Risk Factor Surveillance System (Centers 
for Disease Control and Prevention 2005–2008).
Note: Error bars represent 95 percent confidence intervals.
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The ses and health gradient   15

come.7 In figure 1.17, we report the odds ratios from the logit models in the 
model with income quartiles as the covariates of interest.8

The results in figure 1.17 report a striking income-mortality gradient 
that increased over the last two decades of the twentieth century. We use 
as covariates dummy variables for the three lowest income quartiles. In 
the initial period, those in the lowest quartile of income have a three-year 
mortality rate that is 1.89 times that of people in the highest income group. 
By the 1997 to 1999 period, this number has increased significantly to 2.66. 
The odds ratios for the second and third income quartiles increased from 
1.4 to 1.82 and 1.13 to 1.35, respectively, over the same period.

This evidence is for one country only, the United States. Given that the 
United States has been unique in its failure to provide universal health-
care coverage, a common assumption is that SES differences are largely 
due to differences in access to health care. If so, the gradient should be 
greater within the United States than within other countries. Is this the 
case? In table 1.1 we present results from surveys in Organisation for Eco-
nomic Co-operation and Development (OECD) countries on self-reported 
health for adults. The surveys were done between 2001 and 2008, most in 
2007. The table shows the ratio of the proportion of those reporting good 
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figure 1.17  odds Ratio for income Variables, adults

Source: Authors’ calculations based on the National Longitudinal Mortality Survey 1987–
1989 (National Heart, Lung, and Blood Institute 1995) and Public-use National Health Inter-
view Survey Linked Mortality Files 1997–1999 (National Center for Health Statistics 2010).
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figure 1.18  marginal effects of household income, australian 
adults, fair or Poor health

Source: Authors’ calculations, with Jacqueline Homel, using the Household, Income and La-
bour Dynamics in Australia Survey (HILDA; Melbourne Institute 2006).
Note: Income is equivalized household income for 2005. Error bars represent 95 percent con-
fidence intervals.
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figure 1.19  marginal effects of household income, australian 
adults, Psychological Distress Risk

Source: Authors’ calculations, with Jacqueline Homel, using the Household, Income and La-
bour Dynamics in Australia Survey (HILDA; Melbourne Institute 2006).
Note: Income is equivalized household income for 2005. Error bars represent 95 percent con-
fidence intervals.
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figure 1.20  marginal effects of household income, australian 
adults, long-Term health condition

Source: Authors’ calculations, with Jacqueline Homel, using the Household, Income and La-
bour Dynamics in Australia Survey (HILDA; Melbourne Institute 2006).
Note: Income is equivalized household income for 2005. Error bars represent 95 percent con-
fidence intervals.
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europe

Source: Avendano, Aro, and Mackenbach (2005, p. 90), reprinted with permission.
Note: *Less than good self-perceived health.
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The ses and health gradient   19

square root of the number of persons in the household, and placed into 
quintiles. The reported ratio then compares the two highest to the two 
lowest quintiles. Figure 1.21 shows these differences by sex across the 
SHARE countries. The odds ratios of reporting the poor health outcome 
are considerably above one for all of these health indicators for both men 
and women in Europe. The largest differences are for self-perceived health 
followed by activity problems. Differences are larger for education than 
income when using current income. Figure 1.22 shows differences for self-
perceived health by education level for the ten countries in SHARE (Aven-
dano, Aro, and Mackenbach 2005). Although disparities clearly differ 
across the ten countries, all ten experience disparities based on education 
level.

DescRiPTiVe moDels
Although the results in the previous section outline a robust relationship 
between SES and health, what lies behind this relationship? Economists 
have developed a set of simple models that may help us to consider the 
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figure 1.22  odds Ratio of self-Perceived health, europe

Source: Avendano, Aro, and Mackenbach (2005, p.93), reprinted with permission.
Note: Outcome is less than good self-perceived health. 
SE = Sweden; DK = Denmark; DE = Germany; NL = Netherlands; FR = France; CH = Swit-
zerland; AT = Austria; IT = Italy; ES = Spain; GR = Greece.
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16    Biological consequences of socioeconomic inequalities

health or better for those whose incomes are in the lowest quintile to those 
in the highest quintile. These ratios provide evidence of disparities in self-
reported health for all included countries with the exception of New Zea-
land, which has a modest ratio of 96 percent.9

For Australia, we also conducted an analysis for adults using the same 
approach as for the United States, using the Household, Income and La-
bour Dynamics in Australia Survey (HILDA), a panel dataset funded by 
the Australian government and centered at the University of Melbourne. 
HILDA began in 2001 with an initial sample of nearly 8,000 households 
and 20,000 individuals; here we report on data from 2006.10 We run regres-
sions over adults age twenty-five to sixty-four, controlling for age, sex, 
race, and state or territory. In figure 1.18, we report the probability of re-
porting fair or poor health by income decile. The results are quite consis-
tent with those for the United States and suggest that those with lower 
incomes have poorer general health. Results illustrated in figure 1.19 show 
a similar pattern for psychological distress. Figure 1.20 shows the proba-
bility of having a long-term health problem by decile and suggests that the 
probability is far higher for those in lower income deciles. These results, 
then, are consistent with those for the United States in terms of general 
health and long-term health.

The Survey of Health, Aging, and Retirement in Europe (SHARE) is a 
relatively new source of data that recently has been used to document the 
health disparities according to SES for a number of European countries. 
Mauricio Avendano, Arja Aro, and Johan Mackenbach (2005) use these 
data to document differences by education and income for self-perceived 
health, activity limitations, and long-term health problems. For each coun-
try, education is classified into three levels using the International Stan-
dard Classification of Education (ISCED), and then the odds ratio com-
pares the lowest level with the middle and high education levels. Income 
is summed over household members, adjusted for household size by the 

Table 1.1  Disparities in health by socioeconomic status

Perceived Health Status ≥

Country
Year-OECD  

Data Good Q1 Good Q5 Ratio Q1/Q5

Australia 2004 76.5 93.1 82%
United States 2007 77.0 95.6 81%
France 2006 57.9 85.0 68%
New Zealand 2007 89.7 93.2 96%

Source: Authors’ calculations based on OECD (2012). 
Note: OECD = Organisation for Economic Co-operation and Development; Q = quarter.
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50    Biological consequences of socioeconomic inequalities

In later analyses, inflammatory markers were added to the allostatic 
load index, and it was clear that both primary mediators (inflammation, 
HPA, and sympathetic hormones) and secondary mediators (cardiovascu-
lar, glucose metabolism, and lipid metabolism) contribute to health risks 
in high-functioning older adults (Seeman et al. 2001, 2004). As presented 
in figure 2.1, adjusted for age, gender, ethnicity, and education, indices 
that counted only inflammation markers, stress hormones (HPA and sym-
pathetic), and traditional cardiovascular risk factors each predicted seven-
year total mortality risk (Seeman et al. 2004).

The predictive ability of summary biomarker indices is not limited to 
older adults. In middle-aged adults (between ages thirty-three and forty-
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figure 2.1  adjusted seven-Year all-cause mortality odds

Source: Authors’ calculations based on Seeman et al. (2004).
Note: Odds ratios per unit increase, after adjusting for age (continuous, in years), gender, 
race (African American versus Caucasian), and education (less than high school versus 
high school or more). Error bars denote 95 percent confidence intervals. Inflammation index 
includes C-reactive protein, interleukin-6, fibrinogen, and albumin; range 0 to 4. Stress 
hormone index includes urine cortisol, urine epinephrine, urine norepinephrine, and blood 
dehydroepiandrosterone sulfate; range 0 to 4. Traditional risk factor index includes systolic 
and diastolic blood pressure, high-density lipoprotein cholesterol, ratio of total to high-
density lipoprotein cholesterol, glycosylated hemoglobin, and waist-hip circumference ratio; 
range 0 to 6.
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52    Biological consequences of socioeconomic inequalities

tes, heart disease, stroke, respiratory disease, cancer), smoking (current, 
past, never), and physical activity (metabolic equivalents intensity rating 
multiplied by frequency, summed over all reported moderate and vigor-
ous activities) in a Cox proportional hazards model, with weighting to ac-
count for differential probabilities of participation in the study, and robust 
variance estimation (that also accounted for clustering within strata and 
primary sampling unit), allostatic load was strongly associated with mor-
tality rate in both young and old strata. Compared with those in the bot-
tom tertile of allostatic load (score of 0 or 1), the relative mortality hazard 
for those in the top tertile of allostatic load (score of 3 or higher) was 1.5 (95 
percent confidence interval: 1.1, 2.2) in those younger than sixty-five and 
1.3 (95 percent confidence interval: 1.1, 1.5) in those sixty-five or older.

These data are consistent with the allostatic load hypothesis, that allo-
static load represents the biological pathway from psychosocial stresses to 
adverse health outcomes. Several studies have also documented gradients 
in allostatic load with psychosocial factors such as socioeconomic status; 
these as well as studies that have examined how well allostatic load ex-
plains psychosocial-to-health relationships are described in chapter 3.
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figure 2.2  all-cause mortality Rate in Those Younger than sixty-five 
Years old

Source: Authors’ calculations based on data from the Third National Health and Nutrition 
Examination Survey (National Center for Health Statistics 1996).
Note: Each score group (0, 1, 2, . . . , 5+)  age-standardized to the age distribution (under age 
sixty-five) of the United States at the time of the 2000 census. Allostatic load score (range, 0 to 
9) was created by counting the number of biomarkers that meet the clinical high-risk criteria 
of table 2.2.

Wolfe.indb   52 10/1/2012   12:02:36 PM



Promise of Biomarkers   53

Alternative scoring strategies Although the risk scores described here use 
simple counts of biomarkers in high-risk zones, most biomarkers have a 
graded relationship with health risks, and the thresholds used to define 
high-risk zones in clinical practice are for the most part arbitrary. Choice 
of clinical threshold is often dictated by levels above which benefits from 
clinical interventions begin to exceed risks of harm from the interventions. 
However, studies have shown that small elevations in multiple risk fac-
tors can add up to a substantial increase in health risks, even if none of the 
risk factor values exceed clinical thresholds (Khaw et al. 2001; Seeman et 
al. 1997). This suggests that multiple-biomarker risk scores should include 
information about the actual level of biomarkers and not just indicators 
for exceeding arbitrary thresholds. Because different biomarkers are mea-
sured in different units, strategies that have been employed to combine 
continuous measures include combining biomarker z scores (the difference 
from the population mean in units of population standard deviation) or T 
scores (the difference from the mean in a healthy reference population—
such as young adults—in units of the reference population’s standard de-
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figure 2.3  all-cause mortality Rate in Those sixty-five Years  
old or older

Source: Authors’ calculations based on data from the Third National Health and Nutrition 
Examination Survey (National Center for Health Statistics 1996).
Note:  Each score group (0, 1, 2, . . . , 5+)  age-standardized to the age distribution (sixty-five 
years or older) of the United States at the time of the 2000 census. Allostatic load score (range, 
0 to 9) was created by counting the number of biomarkers that meet the clinical high-risk 
criteria of table 2.2.
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Table 2.1  major Physiological systems and corresponding Biomarkersa

Physiological Systems Biomarkers

Hypothalamic-pituitary-
adrenal axis

Cortisol—Saliva (diurnal samplesb), urine (overnight)
Dehydroepiandrosterone sulfate (blood)

Sympathetic neuro- 
hormonal system

Norepinephrine (overnight or 24-hour urine)
Epinephrine (overnight or 24-hour urine)
Alpha-amylase (saliva)

Parasympathetic neuro-
hormonal system

Heart rate variability (continuous pulse  
rate recording)

Inflammatory/immune 
system

C-reactive protein (blood or dried blood spot)
Erythrocyte sedimentation rate (blood)
Interleukens (blood)
Lymphocyte number and function (blood)
Circulating serum albumin (blood or saliva)

Cardiovascular Diastolic/systolic blood pressure (sphygmomanometer)
Resting heart rate

Glucose metabolism Fasting glucose (blood or dried blood spot)
Glycosylated hemoglobin (blood or dried blood spot)
Fasting insulin (blood)

Lipid metabolism Cholesterol and lipoprotein fractions (blood)
Body mass index
Waist circumference, waist-to-hip circumference ratio
Total body fat (DXA scanc)

Hematological Serum hemoglobin (blood or dried blood spot)
Clotting factors and clotting time (blood)

Renal Creatinine (serum or 24-hour urine)
Urine albumin leakage (24-hour or spot urine) 
Cystatin C (serum or dried blood spot)

Hepatic Circulating serum albumin (blood or saliva)
Reproductive Serum testosterone and/or estradiol (blood)

Follicle-stimulating hormone (blood)
Pulmonary Arterial oxygen saturation (pulse oximeter)

Peak expiratory flow (hand-held spirometer)
Bone Bone density (DXA scan or peripheral ultrasound)

Bone turnover markers (blood or fasting urine)
Muscle Skeletal muscle mass (DXA scan or body impedance)

Grip strength (dynamometer)

Source: Authors’ compilation.
aWith a few exceptions, all of these biomarkers have predictive value in children, adults, and older 
persons, although the range of observed values is generally smaller in younger populations. In particu-
lar, sex steroid hormones (including the reproductive system biomarkers and dehydroepiandrosterone 
sulfate) and skeletal measures (including the bone and muscle biomarkers) have less value in growing 
children.
bSalivary cortisol sampled at waking, thirty minutes after waking (to capture diurnal peak), mid-day, 
and bedtime.
cDXA = Dual-energy X-ray absorbtiometry.
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five), allostatic load is associated with the presence of coronary calcifica-
tion, an early marker of coronary atherosclerosis (unpublished data from 
CARDIA, the Coronary Artery Risk Development in Young Adults Study; 
personal communication, Teresa Seeman, 2010). Using data from the Third 
National Health and Nutrition Examination Survey (1988 to 1994), a na-
tional sample of adults twenty years and older, we examined allostatic 
load as a predictor of all-cause mortality separately in those younger and 
older than sixty-five at the time of the survey. In 9,986 individuals younger 
than sixty-five who had complete data, deaths (excluding violent deaths) 
through the year 2000 numbered 456, and among the 3,137 individuals 
sixty-five years or older, 1,340. An allostatic load score (range 0 to 9) was 
created as a count of dysregulated biomarkers from four systems, inflam-
mation (CRP and serum albumin), cardiovascular (systolic blood pressure, 
diastolic blood pressure, and resting heart rate), glucose metabolism (gly-
cosylated hemoglobin), and lipid metabolism (total cholesterol, HDL cho-
lesterol, and waist-hip circumference ratio), with dysregulation identified 
by membership in clinically accepted high-risk zones (for thresholds, see 
table 2.2). Mean allostatic load score was 1.58 (standard deviation 1.40) in 
those under sixty-five and 2.50 (standard deviation 1.13) in those sixty-five 
years or older. In both groups, after age standardization (to the U.S. year 
2000 census distribution), all-cause mortality rate increased monotonically 
with allostatic load score (figures 2.2 and 2.3). After adjusting for gender, 
race-ethnicity (non-Hispanic white, non-Hispanic black, Mexican Ameri-
can, other), age (continuous and decade categories), socioeconomic status 
(low if less than high school education and poverty income ratio of less 
than 2, high if more than high school education and poverty income ratio 
of 2 or more, middle otherwise), prevalent diseases (hypertension, diabe-

Table 2.2  clinical high-Risk criteria for commonly used Biomarkers

Biomarker High-Risk Criteria

C-reactive protein ≥0.3 mg/dL 
Serum albumin <3.8 g/dL 
Systolic blood pressure ≥140 mm Hg 
Diastolic blood pressure ≥90 mm Hg
Resting heart rate ≥90 per minute 
Glycosylated hemoglobin ≥6.4 %
Waist-to-hip circumference ratio >0.90 for men; > 0.85 for women 
Total cholesterol ≥240 mg/dL
High-density lipoprotein cholesterol <40 mg/dL

Source: Authors’ compilation.
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in turn affect individual biological functioning (Su et al. 2009; Morello- 
Frosch and Shenassa 2006). Variations in individual health behaviors, such 
as physical activity, dietary patterns, and smoking behavior, also occur 
along the socioeconomic hierarchy (Lynch, Kaplan, and Salonen 1997).

These relative differences in exposures, experiences, psychosocial pro-
cesses, and behavior are hypothesized to be among the routes through 
which variations in SES can lead to variations in individual biology. SES 
differences in stress exposure and experience have long been a focus of 
biological research, given that the perception of stress in the brain acti-
vates a number of physiological systems leading to widespread changes 
in the physiology of the body. The two primary stress regulatory systems 
in the body are the hypothalamic- pituitary- adrenal (HPA) axis and the 
sympathetic branch of the autonomic nervous system. The end product of 

SES

Education
Income
Occupational
status
Wealth

Health

Mental health
Cognitive and
physical functioning
Physical health
Mortality

Environmental exposures

Pollution, toxins, carcinogens
Neighborhood-community
characteristics

Psychosocial
exposures-processes

-Cognitive and emotional
-Social relationship characteristics
-Stress exposure

Behavioral
-Smoking
-Physical activity level
-Drug/alcohol use

Biological

-Neuroendocrine
-Nervous
-Immune
-Cardiovascular
-Metabolic

-
-
-

-

-
-

-
-

-
-

figure 3.1  conceptual model of ses and health links

Source: Authors’ figure.
Note: SES = socioeconomic status.
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dren who met criteria for poverty had higher overnight levels of cortisol 
in comparison to middle- income children. Poor children were more likely 
than middle- income children to experience psychosocial and environ-
mental stressors, including family turmoil, early childhood separation, 
community violence, substandard housing, noise, and crowding. A sum-
mary index of stressor experience partially accounted for associations be-
tween poverty and greater likelihood of high cortisol levels. In a second 
investigation of thirteen- year- old adolescents, greater time spent living in 
poverty since birth was also positively associated with higher overnight 
urinary cortisol levels (Evans and Kim 2007), although greater exposure to 
social and environmental stressors did not mediate the association be-
tween poverty exposure and cortisol levels in this study. These investiga-
tions by Evans and his colleagues suggest that even early in life, socioeco-
nomic adversity may affect body physiology. However, a study of 
middle- aged and older Taiwanese (Dowd and Goldman 2006) and an-

Men (n = 3125)
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figure 3.2  auc cortisol area as function of quintile of seP

Source: Li et al. (2007), reprinted with permission from Elsevier.
Note: Data are from the 1958 British Birth Cohort Study. AUC = area under curve; SEP = 
socioeconomic position.
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cardiovascular system Biomarkers
Although the hormones that orchestrate SNS activity have received rela-
tively little attention in studies of biological correlates of SES, the cardio-
vascular parameters that these hormones help regulate, such as heart rate 
and blood pressure, have been more extensively studied in such research. 
This is likely because of both the greater ease of measurement of these 
cardiovascular biomarkers and the long- observed SES disparities in the 
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figure 3.3  mean overnight norepinephrine levels

Source: Janicki-Deverts et al. (2007), reprinted with permission.
Note: Levels adjusted for age, race, and gender and given by quartiles of education, income, 
occupational status (socioeconomic index [SEI] score), and a composite socioeconomic status  
index, in the Coronary Artery Risk Development in Young Adults (CARDIA) Study.
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figure 3.4  marginal effects, c-Reactive Protein

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.5  marginal effects, glycated hemoglobin levels

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.6  marginal effects, Total cholesterol

Source: Authors’ calculations based the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.7  marginal effects, high-Density lipoprotein

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.8  marginal effects, Waist-to-hip Ratio

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.9  marginal effects, systolic Blood Pressure

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.10  marginal effects, Diastolic Blood Pressure

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.11  marginal effects, Resting Pulse

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Risky level of biomarker outcomes, NHANES III, adults age twenty to seventy-four. 
Error bars represent 95 percent confidence intervals.
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figure 3.12  Regression coefficients, allostatic load

Source: Authors’ calculations based on the Third National Health and Nutrition Examination 
Survey (NHANES III; Centers for Disease Control and Prevention n.d.).
Note: Allostatic load regressions, NHANES III, adults age twenty to seventy-four. Error bars 
represent 95 percent confidence intervals.

A similar regression for an overall allostatic load score constructed by 
summing high- risk scores on the eight individual biomarkers also demon-
strates a pronounced income gradient. These results are graphically illus-
trated in figure 3.12. The impact of the income-to- poverty ratio on counts 
of high- risk biomarker levels declines monotonically as income rises, with 
the four lowest income groups generating coefficients statistically differ-
ent from zero. The results are qualitatively large. Those in the lowest three 
income groups have AL scores 0.58, 0.35, and 0.27 points higher, respec-
tively, than those in the highest income group, representing values 36, 25, 
and 16 percent of the sample mean, respectively.

The results in figures 3.4 through 3.12 are by construction rather lim-
ited. A much deeper analysis is possible. The data could be analyzed for 
separate subgroups (such as by age, race, ethnicity), or we could use dif-
ferent measures of SES (education, for example). Such a detailed analysis 
is beyond the scope of this review. Despite these limitations, the results in 
the figures are broadly consistent with the outlined literature and provide 
three key results. First, the income gradient in biomarkers is rather broad 
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likely to perceive a threat, whereas high- SES children will be more likely 
to read the situation as benign. Hence we hypothesized that above and 
beyond their life events, SES also shapes how individuals perceive their 
social world and that this has implications for biological responses.

To test this hypothesis, we developed a set of videos that depict life 
events with different types of outcomes (Chen and Matthews 2003). In this 
paradigm, participants are asked to imagine the event and then inter-
viewed about their reactions to it. In this way, we are able to keep the 
event, or exposure, constant across all individuals and assess individual 
differences in interpretations. Across multiple studies, we find that lower- 
SES children make greater threat interpretations during ambiguous vid-
eos than their counterparts (Chen et al. 2003, 2006). In the biological path-
ways section example, greater threat interpretations were associated with 
higher eosinophil counts and greater Th- 2 cytokine production (Chen et 
al. 2006). Furthermore, as presented in figure 4.1, we documented that 
threat interpretations constituted a statistically significant pathway be-
tween SES and asthma- relevant cellular and genomic processes in the two 
samples of children with asthma described (Chen et al. 2006, 2009). These 
findings are an important step toward constructing more comprehensive 
models of SES- health pathways by suggesting that SES shapes the ways in 
which individuals come to perceive their social world, which in turn 
shapes biological responses relevant to disease.

What Family Factors Are Relevant to Asthma Inflammatory Processes? Stress 
occurs not only at the individual level but also at the family level. Family 
stress has shown robust associations with childhood asthma. For example, 
greater parenting difficulties prospectively predict a greater likelihood of 
a child being diagnosed with asthma years later (Klinnert et al. 2001; 

figure 4.1  ses and inflammatory Responses

Source: Authors’ compilation based on Chen et al. (2006).
Note: Indirect pathway from SES to asthma inflammatory pathways signficant at p < .05. 
SES = socioeconomic status. 
†p < .10. *p < .05. **p < .01

SES β = −.40** Threat
appraisal

β s =
.28† − .37* IL-5

Eosinophils
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such as the activation of transcription control pathways that regulate in-
flammation such as NF- κB—that coordinate these cellular responses. We 
provide examples of factors that explain how broad, distal variables such 
as SES can shape the psychological states of individuals, for example, af-
fecting how they perceive their social world, and in turn their asthma- 
relevant inflammatory responses. We also provide examples of how fam-
ily stress can interact with both social exposures (acute negative life 
events) as well as with neighborhood physical exposures (air pollution) to 
affect asthma inflammatory processes. This approach to uncovering 
mechanisms behind SES and health relationships is important for a num-

figure 4.2  model: ses effects and clinical health outcomes

Source: Authors’ figure.
Note: SES = socioeconomic status.
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and the clinical dichotomous metabolic syndrome measure, 73 percent of 
the population neither was obese nor had the metabolic syndrome, 1.2 per-
cent had the metabolic syndrome but were not obese, 18 percent were obese 
but did not have the metabolic syndrome, and 4.7 percent both were obese 
and had the metabolic syndrome. That is, approximately 80 percent of the 
obese did not have the metabolic syndrome, indicating the appropriateness 
of our approach of analyzing each of these measures as distinct outcomes.

cRoss- secTional moDels
Table 5.2 presents results from ordinary least squares (OLS) regression 
models of equation 5.1 examining the cross- sectional associations between 
log income, education, and parental education with continuous measures 
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figure 5.1  metabolic syndrome score versus Bmi

Source: Authors’ calculations based on Coronary Artery Risk Development in Young Adults 
Study (1992).
Note: BMI = body mass index.
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Source: Authors’ calculations based on data from Coronary Artery Risk Development in 
Young Adults Study (1992–2006).
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Source: Authors’ calculations based on data from Coronary Artery Risk Development in 
Young Adults Study (1992–2006).
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figure 5.4  income change Between exams, men Without marital 
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Source: Authors’ calculations based on data from Coronary Artery Risk Development in 
Young Adults Study (1992–2006).
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Note: BMI = body mass index.
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Figure 5.1 shows a scatter plot of the relationship between BMI and 
metabolic syndrome score for individuals within the analysis sample in 
1992 to 1993 (Pearson correlation = 0.28, p < .001). Although the pattern of 
association between these outcomes is clear, the figure also shows sub-
stantial heterogeneity. Considering the overlap between obesity (BMI >30) 

Table 5.1  characteristics of caRDia Participants

Full Population Analysis Sample

1992–1993 1992–1993 2005–2006

Men Women Men Women Men Women

N 1,837 2,249 1,082 1,247 1,082 1,247
Age in years: mean 32 32 32 32 43 43

(3.6) (3.6) (3.5) (3.6) (3.5) (3.6)
Married (%) 58 57 62 59 63 54

(0.49) (0.49) (0.48) (0.49) (0.48) (0.50)
Divorced (%) 7.7 12 5.7 10 9.6 16

(0.27) (0.32) (0.23) (0.30) (0.29) (0.36)
Education in years: mean 15 15 15 15 15 15

(2.6) (2.4) (2.5) (2.3) (2.6) (2.4)
Parent education in years: 
mean

14 14 14 14 14 14
(3.0) (3.1) (3.1) (3.2) (3.1) (3.2)

Log income (in thousands): 
mean

3.7 3.6 3.8 3.7 4.2 3.9
(0.89) (0.89) (0.80) (0.83) (0.88) (0.94)

Poverty (less than 100%) (%) 11 14 7.5 11 5.4 8.4
(0.31) (0.35) (0.26) (0.31) (0.23) (0.28)

Poverty (less than 200%) (%) 24 28 18 25 11 19
(0.43) (0.45) (0.39) (0.43) (0.32) (0.39)

Household size: mean 2.9 3.1 2.8 3.0 3.0 2.9
(1.5) (1.5) (1.4) (1.4) (1.5) (1.3)

BMI: mean 26 27 26 26 29 30
(4.8) (7.1) (4.4) (6.7) (5.2) (7.9)

Obese (higher than 30 BMI) 
(%)

18 27 17 24 32 41
(39) (0.45) (0.38) (0.43) (0.47) (0.49)

Severely obese (higher than 
35 BMI) (%)

5.2 13 4.1 11 12 24
(22) (0.34) (0.20) (0.31) (0.32) (0.43)

Metabolic syndrome (%) 8.4 4.0 7.4 3.4 21 11
(28) (0.20) (0.26) (0.18) (0.41) (0.31)

Metabolic syndrome score: 
mean

0.000 –0.010 –0.034 –0.059 0.39 0.35
(0.62) (0.62) (0.57) (0.55) (0.68) (0.75)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in Young Adults 
Study (1992–2006).
Note: Full population is all CARDIA participants examined in 1992 and 1993. Analysis sample is all 
CARDIA participants with complete data for all analyses from 1992 to 2006. Standard deviations of 
means and percentages are shown in the parentheses. BMI = body mass index.
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of either BMI or the metabolic syndrome from the 1992 to 1993 CARDIA 
survey. Models control for age, age- squared, married, divorced, number 
of children in the household, study site (as an indicator variable), and race. 
All models are stratified by gender, based on evidence from the literature 
on interaction (Loucks, Rehkopf et al. 2007; Rehkopf, Krieger et al. 2010), 
as well as empirical evidence of interaction in our data. Among men, log 
income is significantly associated with BMI only after education or paren-
tal education are controlled for (models 1d and 1e). The association is 
positive, indicating higher BMI at higher levels of income. The effect esti-
mate from model 1e can be interpreted as 1 log unit higher of income be-
ing associated with 0.37 units higher of BMI. Results for women are statis-

Table 5.2   socioeconomic indicators, 1992 to 1993

 Men Women

BMI
Metabolic 
Syndrome BMI

Metabolic 
Syndrome

Model 1a
Log income 0.29 0.0021 –0.82*** –0.10***

(0.20) (0.028) (0.30) (0.024)
Model 1b

Education –0.048 –0.021*** –0.29*** –0.044***
(0.057) (0.0078) (0.091) (0.0072)

Model 1c
Parent education –0.054 –0.014** –0.12* –0.019***

(0.045) (0.0059) (0.065) (0.0052)
Model 1d

Log income 0.37* 0.026 –0.63** –0.071***
(0.22) (0.027) (0.30) (0.024)

Education –0.081 –0.023*** –0.23** –0.038***
(0.060) (0.0080) (0.092) (0.0073)

Model 1e
Log income 0.37* 0.027 –0.63** –0.071***

(0.22) (0.028) (0.30) (0.024)
Education –0.060 –0.019** –0.21** –0.034***

(0.063) (0.0082) (0.098) (0.0079)
Parent education –0.048 –0.010* –0.05 –0.0085

(0.047) (0.0060) (0.068) (0.0056)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in 
Young Adults Study (1992–1993).
Note: Each cell presents the results of one of five separate regression models for each outcome 
and each gender; overall, the main effects of twenty separate regression models are present-
ed. Models also include age, age-squared, married, divorced, household size, site, and race. 
Standard errors are shown in parentheses and are robust standard errors. BMI = body mass 
index.
*p < .10, **p < .05, ***p < .01
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Table 5.3 presents results from models that use the longitudinal nature 
of the CARDIA data to examine how within- individual variation in in-
come is associated with variation in BMI or the metabolic syndrome. Be-
cause these models examine change within an individual, they effectively 
eliminate the impact of any fixed individual characteristics on the esti-
mates. They do not, however, allow for inference regarding the direction 
of causation. The results from two types of models are presented—fixed 
effect and long first difference. The fixed- effect model here labeled “no 
lag” is the equation 5.2 within- person association of income and BMI or 
the metabolic syndrome using each of the four years of data. This can be 
interpreted as measuring short- term associations between income and 

Table 5.3  log income, 1992 to 2006

 Men Women

BMI
Metabolic 
Syndrome BMI

Metabolic 
Syndrome

No lag
Fixed-effect 0.33** –0.010 –0.018 –0.0093

(0.14) (0.025) (0.015) (0.018)
Long-difference 0.51*** 0.039 0.038 –0.023
2005 to 1992 (0.19) (0.039) (0.264) (0.032)

One wave income laga

Fixed-effect 0.12 0.037 –0.13 0.018
(0.17) (0.031) (0.16) (0.022)

One wave BMI/meta-
bolic syndrome lagb

Fixed-effect 0.17 0.027 0.22* –0.0039
(0.14) (0.031) (0.13) (0.028)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in 
Young Adults Study (1992–2006).
Notes: Fixed-effect models include indicator variables for year; long-difference models in-
clude age, age-squared, married (in each year), divorced (in each year), household size (in 
each year), site, and race. BMI = body mass index.
a One wave income lag is for the fixed-effect model examining the association between the 
prior measure of log income (for example, 1992–1993 income and 1995–1996 BMI or meta-
bolic syndrome).
b One wave BMI–metabolic syndrome lag is for the fixed-effect model examining the associa-
tion between the prior measure of BMI–metabolic syndrome (for example, 1992–1993 BMI–
metabolic syndrome and 1995–1996 log income).
Standard errors are shown in parentheses and are robust standard errors.
*p < .10, **p < .05, ***p < .01
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men were generally of a similar direction but less than half the magnitude 
and nonsignificant for the metabolic syndrome in NHANES. The cross- 
sectional positive associations between income and BMI among men in 
CARDIA were not found in NLSY. Associations among women across the 
NLSY and NHANES were of a similar magnitude to those seen in the 
CARDIA sample for both BMI and the metabolic syndrome. However, 
the association with the metabolic syndrome among the CARDIA popula-
tion was slightly weaker but statistically significant. When we compared 
 CARDIA results for the longitudinal models (available only for BMI in 
NLSY), the fixed- effect models using CARDIA data showed a markedly 
different magnitude of association among men and a much stronger and 
statistically significant association within the CARDIA population. For the 
long- difference models, this discrepancy of association was also found, 
the magnitude of association being stronger and positive for men in 
 CARDIA. Findings of no significant or substantial associations among 
women were similar between CARDIA and NLSY.

Table 5.4  Random-effect, fixed-effect, and long-Difference models

Men  Women

BMI Metabolic Syndrome BMI Metabolic Syndrome

CARDIA NLSY CARDIA NHANES CARDIA NLSY CARDIA NHANES

Family Family Individual Family Family Family Family Individual Family Family

Cross-sectional  
models
 Model 1a

 Log income 0.29 0.17 –0.16 0.026 0.021 –0.82*** –0.71*** –0.32** –0.11*** –0.18
(0.19) (0.10) (0.14) (0.027) (0.094) (0.30) (0.15) (0.14) (0.023) (0.13)

 Model 1d
 Log income 0.37* –0.055 –0.056 0.054* 0.021 –0.63** –0.50*** –0.17 –0.066*** –0.18

(0.22) (0.14) (0.15) (0.029) (0.094) (0.30) (0.16) (0.15) (0.023) (0.12)
Longitudinal models

Fixed-effect 0.33** 0.061 0.072 NA –0.018 0.059 0.11* NA
(0.14) (0.054) (0.058) (0.015) (0.070) (0.067)

Long-difference 0.51*** 0.11 0.16 NA 0.038 0.062 0.13 NA
2005–1992 (0.19) (0.079) (0.11) (0.264) (0.093) (0.090)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in Young Adults 
Study (CARDIA; 1992–2006), National Health and Nutrition Examination Survey (NHANES; 2005–
2006), and National Longitudinal Survey of Youth (NLSY; 1992–2006).
Note: Cross-sectional models from CARDIA data for BMI are repeated from table 5.2 and longitudinal 
models using CARDIA 1992–2006 are repeated from table 5.3 for ease of comparison. BMI = body

mass index. NA indicates not applicable: comparison not possible due to cross-sectional na-
ture of the NHANES data. 
Data for the BMI comparison are between 1992 and 1993, data for the metabolic syndrome 
comparison are 2005 and 2006.
*p < .10, **p < .05, ***p < .01
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NLSY data also allow for comparison of effects for individual- versus 
household- level income to address the question of whether earnings at 
the individual level is a more appropriate measure of exposure. Although 
we believe this unlikely (at least for pathways of consumption) because 
resources to buy health- promoting goods and services are generally 
pooled at the household level, it is nevertheless potentially more appro-
priate for other social meanings of income such as individual prestige and 
as a measure of individual social status. Individual income data are not 
available in CARDIA, but the NLSY data do allow for direct comparison 
of findings based on household income versus individual income in rela-
tion to BMI. As shown in table 5.4, we find that for men the direction and 
magnitude of income effects are not sensitive to using individual versus 
family income. For women, the cross- sectional associations are still nega-
tive but smaller when individual income is used, but the longitudinal as-
sociations are similar across the two measures. Overall, we do not find 
strong evidence of any consistent difference in sign or magnitude of ef-

Table 5.4  Random-effect, fixed-effect, and long-Difference models

Men  Women

BMI Metabolic Syndrome BMI Metabolic Syndrome

CARDIA NLSY CARDIA NHANES CARDIA NLSY CARDIA NHANES

Family Family Individual Family Family Family Family Individual Family Family

Cross-sectional  
models
 Model 1a

 Log income 0.29 0.17 –0.16 0.026 0.021 –0.82*** –0.71*** –0.32** –0.11*** –0.18
(0.19) (0.10) (0.14) (0.027) (0.094) (0.30) (0.15) (0.14) (0.023) (0.13)

 Model 1d
 Log income 0.37* –0.055 –0.056 0.054* 0.021 –0.63** –0.50*** –0.17 –0.066*** –0.18

(0.22) (0.14) (0.15) (0.029) (0.094) (0.30) (0.16) (0.15) (0.023) (0.12)
Longitudinal models

Fixed-effect 0.33** 0.061 0.072 NA –0.018 0.059 0.11* NA
(0.14) (0.054) (0.058) (0.015) (0.070) (0.067)

Long-difference 0.51*** 0.11 0.16 NA 0.038 0.062 0.13 NA
2005–1992 (0.19) (0.079) (0.11) (0.264) (0.093) (0.090)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in Young Adults 
Study (CARDIA; 1992–2006), National Health and Nutrition Examination Survey (NHANES; 2005–
2006), and National Longitudinal Survey of Youth (NLSY; 1992–2006).
Note: Cross-sectional models from CARDIA data for BMI are repeated from table 5.2 and longitudinal 
models using CARDIA 1992–2006 are repeated from table 5.3 for ease of comparison. BMI = body

mass index. NA indicates not applicable: comparison not possible due to cross-sectional na-
ture of the NHANES data. 
Data for the BMI comparison are between 1992 and 1993, data for the metabolic syndrome 
comparison are 2005 and 2006.
*p < .10, **p < .05, ***p < .01
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Table 5.5  models Run with alternative categorizations of outcome Variables, odds Ratios

Men Women

Obese
(Class I)

Severely
Obese

(Class II)

Metabolic
Syndrome
(Clinical)

Obese
(Class I)

Severely
Obese

(Class II)

Metabolic
Syndrome
(Clinical)

Cross-sectional models
 Model 1a

 Log income 1.0 1.0 0.73** 0.79** 0.77** 0.54***
(0.14) (0.22) (0.092) (0.076) (0.091) (0.063)

 Model 1e
 Log income 1.1 1.2 0.78 0.87 0.79* 0.64***

(0.15) (0.28) (0.12) (0.089) (0.10) (0.088)
Longitudinal models

Fixed-effect 3.2*** 8.8** 1.3 1.6* 0.89 1.0
(1.2) (8.2) (0.38) (0.41) (0.27) (0.26)

Long-difference  
 2005 to 1992

1.1 1.1 1.14 1.0 0.93 0.74**
(0.16) (0.21) (0.17) (0.13) (0.15) (0.11)

Source: Authors’ calculations based on data from Coronary Artery Risk Development in Young Adults Study (1992–2006).
Note: The clinical definition of metabolic syndrome is being beyond three or more of the following thresholds among five clinical components 
(men, ≥102 cm waist, women, ≥88 cm waist; trigylcerides ≥150 mg/dL; men, <40 mg/dL HDL cholesterol, women, <50 mg/dL HDL choles-
terol; blood pressure ≥130 systolic or ≥85 diastolic; fasting glucose ≥100 mg/dL). 
Categories of BMI used are both obese (obese class I) and above (BMI ≥30 kg/m2) and severely obese (obese class II) and above 
(BMI ≥35 kg/m2). HDL = high-density lipoprotein; BMI = body mass index.
*p < .10, **p < .05, ***p < .01

W
olfe.indb   151

10/1/2012   12:03:02 P
M



152    Biological consequences of socioeconomic inequalities

Table 5.6  models Run with alternative categorizations of income 
exposure Variables

 Men Women

BMI
Metabolic 
Syndrome BMI

Metabolic 
Syndrome

Less than 100 percent poverty 
cross-sectional models
Model 1a

Poverty (<100%) –1.03** –0.099* 1.07* 0.19***
(0.48) (0.057) (0.56) (0.049)

Model 1e
Poverty (<100%) –1.04** –0.095 0.59 0.13**

(0.49) (0.060) (0.61) (0.053)

Less than 100 percent poverty 
longitudinal models
Fixed-effect –0.057 0.062 0.065 –0.0083

(0.31) (0.068) (0.29) (0.036)
Long-difference –0.21 0.042 0.28 0.0081
 2005 to 1992 (0.50) (0.12) (0.52) (0.062)

Less than 100 percent poverty 
cross-sectional models
Model 1a

Poverty (<200%) 0.10 0.019 1.37*** 0.18***
(0.34) (0.043) (0.42) (0.040)

Model 1e
Poverty (<200%) 0.093 0.019 1.13** 0.12***

(0.35) (0.044) (0.45) (0.040)

Less than 200 percent poverty 
longitudinal models
Fixed-effect –0.25 0.029 –0.12 –0.0040

(0.20) (0.039) (0.17) (0.026)
Long-difference 0.029 –0.061 –0.081 0.023
 2005 to 1992 (0.39) (0.073) (0.33) (0.040)

Source: Authors’ calculations based on data from Coronary Arterty Risk Development in 
Young Adults Study (1992–2006).
*p < .10, **p < .05, ***p < .001
Note: BMI = body mass index.

posures of family income below the poverty line or below 200 percent of 
the poverty line. In our primary models, we used log income as the pro-
posed best functional form of the relationship between income and our 
exposures of interest. Nevertheless, misspecification of the functional 
form of the relationship may result in erroneous findings, and there is a 
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matter, and cerebrospinal fluid. Cerebrospinal fluid (CSF) is the jello- like 
substance the brain is immersed in that helps absorb impact. Gray matter 
is a brain tissue composed of unmyelinated neurons and cell bodies (or, as 
we have imparted to many grade school students on field trips, “what 
fires” in the brain). White matter is the connective myelinated tracts in the 
brain that help distal portions of the brain communicate (or “the wires” 
of the brain). Beyond the local variations in gray- white matter composi-
tion, the brain can, as noted earlier, be divided into four lobes and two 
hemispheres. The brain’s four lobes are occipital, temporal, parietal, and 
frontal (see figure 6.1). The occipital lobe is located in the posterior of the 
brain and contains the primary and supplementary visual regions (corti-
ces). The temporal lobe contains structures important for memory and 
emotion (the limbic system). This lobe is also important for auditory pro-
cessing and contains the primary auditory area. The parietal lobe is pri-
marily involved with sensation and perception; sensory information is 
processed and brought together here and relayed to other regions of the 
brain. The frontal lobe contains the prefrontal cortex, which is involved in 
“executive” functions, including organizing behavior, problem solving, 

figure 6.1  four Basic lobes of the Brain

Source: Author-generated image based on data from NIH MRI Study of Normal Brain 
Development (National Institutes of Health 2012).
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processing of information comes together with our feelings, leading to de-
cisions based on both streams of information. The ventromedial prefrontal–
reward processing system is involved in valuation of stimuli and aspects of 
emotion regulation, such as resisting the pull of rewarding stimuli or ac-
tivities that could be detrimental or habit forming.

The left perisylvian–language system is a complex, distributed system en-
compassing semantic (meaning), syntactic (arrangement), and phonologi-
cal (relationship between sounds) aspects of language that is located pre-
dominantly on the left hemisphere around a fold in the brain called the 
Sylvian fissure. This circuit incorporates two key brain regions: Broca’s 
area (which is involved with language production) and Wernicke’s area 
(which is involved with understanding language). 

The medial temporal–memory system is involved in learning and remem-
bering over time and is composed of the hippocampus and the amygdala. 
New memories are processed in the hippocampus before being stored in 

Frontal lobe

Parietal lobe

Occipital lobe

Temporal lobe

1
2

Left perisylvian/language
Prefrontal/executive
Medial temporal/memory3

4 Parietal/spatial cognition
Occipitotemporal/
visual cognition

5

3

2
1

4

5

figure 6.2  five neurocognitive systems of interest

Source: Hackman and Farah (2009), with permission from Elsevier.
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tive measure of SES, parental schooling, suggest a similar pattern, though 
the results are not statistically significant. In this case the βs (and SE) on 
schooling are –125.3 (82.21) high school (HS) or less, –95.12 (62.79) some 
college, and –9.96 (58.14) for college. More than college is the omitted 
category.

Prefrontal cortex
Central to the top- down control of attention, inhibition, emotion regula-
tion, complex learning, and theory of mind processing, the prefrontal cor-

Ventral medial
prefrontal cortex

Hippocampus

Cerebellum

Occipital lobe

figure 7.1  axial Brain slice

Source: Authors’ figure.
Note: Brain structure is depicted in this axial brain slice (going from the bottom of the neck 
to the top of the head) with the hippocampus, the cerebellum, the ventral medial prefrontal 
cortex, and the occipital lobe.
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Occipital
lobe

Cerebellum
Ventral medial

prefrontal cortex

Superior frontal
portion of
prefrontal

cortex

figure 7.2  sagittal Brain slice

Source: Authors’ figure.
Note: Sagittal brain slice (going from ear to ear) with the superior frontal portion of the 
prefrontal cortex, the ventral medial prefrontal cortex, the cerebellum, and the occipital lobe.

tex is a heterogeneous brain circuit composed of many important subdi-
visions; the superior prefrontal cortex (SupPFC) and the orbitofrontal or 
ventral medial prefrontal cortex (vmPFC), in particular, are central to cog-
nitive control and emotion regulation. The SupPFC is crucial in atten-
tional, working memory, and cognitive control processes, with damage to 
this region leading to impairments in planning, goal attainment, and 
problem- solving ability (Stuss and Levine 2002). Neuroimaging research 
has found that this region plays a role in exerting top- down control in 
emotion regulation, is involved in visuospatial working memory of sa-
lient stimuli, and is activated during successful inhibition of irrelevant 
stimuli (D’Esposito and Postle 1999; Pessoa et al. 2002; Pessoa and Un-
gerleider 2004; Ungerleider, Courtney, and Haxby 1998). The vmPFC is 
primarily involved in valuation of stimuli and aspects of emotion recog-
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nition. Damage to this brain region has been linked with deficits in socio-
emotional regulation (Damasio 1994). The vmPFC is activated by emo-
tional stimuli such as faces (Blair et al. 1999; Thorpe, Rolls, and Maddison 
1983; Nitschke et al. 2004) and pleasurable and painful touch (Rolls, Krin-
gelbach, and de Araujo 2003). Functional neuroimaging studies point to 
this orbital sector of the prefrontal cortex (PFC) more generally as sup-
porting behaviors such as inhibition, appropriate responses to other peo-
ple’s moods, and self- regulation of social- emotional behavior (Bachevalier 
and Loveland 2006; Kringelbach 2005). As shown in figure 7.4, we find 
a significant association between the right SupPFC and income (right 
 SupPFC: β = 523.6, SE = 263.7, p < .05; left SupPFC β = 254.0, SE = 267.9, 
p > .05). This figure again shows results for differences in the relative size 
of this region by family income and the right adjusted for age, sex, and 
wave plus interactions. Such results appear quite similar to those reported 
earlier for the hippocampus. Interestingly, this relationship was not found 
for the vmPFC (right vmMPFC β = 57.67, SE = 109.0; left vmPFC β = 18.71, 
SE = 119.6; all ps > .05), as shown in figure 7.5.
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figure 7.3  association Between hippocampal Volume and family  
income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group.
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figure 7.4  association Between superior Prefrontal cortex Volume 
and family income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group. PFC = prefrontal cortex.
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figure 7.5  association Between Ventral medial Prefrontal Volume 
and family income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group. vmPFC = ventral medial prefrontal cortex.
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results using parental schooling are both consistent and statistically sig-
nificant. In this case the coefficient is –2415.1 (1166.9) for high school or 
less, –874.2 (869.7) some college, and –434.2 (789.8) college completion for 
total volume; and –1668.6 (1002.7) high school or less, –682.2 (748.8) some 
college, and –187.1 (681.0) college completion for gray matter. Thus for 
both these measures of the cerebellum, children of parents with only a 
high school education or less have statistically significant smaller areas 
(adjusting for whole brain volume).

Given that other studies have found that the cerebellum is tied to myr-
iad important cognitive and emotional functions, differences in the brain 
region are consistent with greater probabilities of such deficits in children 
in low- income families. What makes this of particular interest is that neu-
roscience research suggests that the cerebellum has a very protracted post-
natal development, making it particularly sensitive to environmental in-
fluence (Giedd 2008).
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figure 7.6  association Between cerebellar gray matter Volume and 
family income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group.
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occipital lobe
The occipital lobe is central to visual- cognitive processes and is responsi-
ble for pattern recognition and visual mental imagery, translating image 
format visual representations (mental images) into more abstract repre-
sentations of object shape and identity and reciprocally translating visual 
memory knowledge into mental images. Deficits in this region may mean 
visual input is getting to other higher- order regions (for example, the pre-
frontal cortex) at a slower rate or in a compromised fashion. Early experi-
ments on the effect of environmental experience on sensory processing 
(Hubel and Wiesel 1962) found critical periods for the effect of visual in-
put and environmental complexity on this brain region. In figure 7.8, we 
present our results for income differences (β = 1878.6, SE = 629.5, p < .05).

These results suggest an income gradient rather than deprivation pat-
tern. Here the adjusted results suggest a statistically significant difference 
by income group, the lowest and middle- income groups both having a 
statistically significant smaller share of their total brain volume devoted to 
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figure 7.7  association Between Total cerebellar Volume and family 
income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group.
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occipital gray matter. The implication of this is that children in low- income 
families may receive less complex visual input, leading to alterations in 
this brain region. Such changes may slow down translation of visual stim-
ulation into mental images and lower cognitive ability more generally. 
Our tests of robustness using parental schooling do not show any signifi-
cant tie between parental schooling and the relative size of the occipital 
lobe.

Discussion
Although the strong link between SES and health is well established, the 
question of how SES influences health remains largely unanswered. This 
study was designed to examine possible effects of SES on various brain 
regions central to many important cognitive and emotional processes. 
This research centered on this question to further elucidate a biological 
mechanism for these disparities, as well as differences seen in cognitive 
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figure 7.8  association Between occipital gray matter Volume and 
family income

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development 
(National Institutes of Health 2012).
Note: Values adjusted for demographic variables. Unit of measure is number of gray matter 
voxels, a measure of regional volume commonly used in structural neuroimaging analyses. 
Error bars show the standard error for each group.
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cubes, as an analytic strategy it allows for more precise detection of signal 
and may be a more powerful probe into the neurobiological correlates of 
SES. It is a far more expensive approach as well. In a sensitivity analysis, 
we used data from a small subsample of this NIH cohort and employed 
these more rigorous methods. In that analysis, we found significant differ-
ences in the superior and ventral medial portions of the prefrontal cortex 
(as shown in figures 7.9 and 7.10; for additional technical detail, see the 
appendix) despite having a quite small n.

Turning to our specific results, SES differences in hippocampal and PFC 
volume fit well with neuropsychological data, which have found differ-
ences in memory and executive functioning outcomes across the SES spec-
trum. It is less clear how differences in the cerebellum and occipital lobe 

Ventral medial
prefrontal cortex

figure 7.9  Ventral medial Prefrontal cortex

Source: Authors’ figure.
Note: Ventral medial prefrontal cortex is central to cognitive control and regulation of 
emotions. Sensitivity analyses revealed differences in this part of the brain among children 
in low-, middle-, and high-income families. Analyses were conducted in Freesurfer, and all 
group differences were significant at p < .05.
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may fit with the extant research literature. The cerebellum is understudied 
in terms of cognitive and affective outcomes; however, emerging research 
suggests that it is greatly affected by environmental factors. The occipital 
lobe is central to visual processing, but previous research in low- SES sam-
ples employing neuropsychological test batteries did not find many differ-
ences in this neurocognitive domain (Hackman and Farah 2009). Differ-
ences in the occipital lobe may bias later downstream processing in 
different behavioral domains (for example, executive functioning and lan-
guage), as basic sensory information needed for these later computations 
may be processed more slowly when this lobe is less well developed.

Although these results provide considerable insight into what might be 

Superior
prefrontal cortex

figure 7.10  superior Prefrontal cortex

Source: Authors’ figure.
Note: The superior prefrontal cortex is crucial in attentional, working memory, and cognitive 
control processes. Sensitivity analyses revealed differences in this part of the brain among 
children in low-, middle-, and high-income families. These analyses were conducted in 
Freesurfer, and all group differences were significant at p < .05.
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Table 7.1  Demographic summary

Age (average age in  
months for wave 1)

126.13 ± 46.59  
months

Gender (male) 207
Total N 431

Education Father Mother

Less than high school 10 4
High school 86 55 
Some college 116 131
College 115 144 
Some graduate level 19 22
Graduate level 83 73

Income at wave 1

Less than $5,000 1
5,001–10,000 2
10,001–15,000 4
15,001–25,000 10
25,001–35,000 21
35,001–50,000 82
50,001–75,000 104
75,001–100,000 102
More than 100,001 94

Race Father Mother

African American 41 40
American Indian/Alaskan 
Native

2 1

Multiracial 5 3
Asian 9 8
Native Hawaiian/Other Pacific 
 Islander

2 0

Not provided 33 27
White 337 347

Ethnicity Father Mother

Hispanic or Latino 39 30
Not Hispanic or Latino 390 399

Source: Authors’compilation based on NIH MRI Study of Normal Brain Development (Na-
tional Institutes of Health 2012).
Note: Based on wave 1 data. 
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Table 7.2  attrition by income

Income
Wave 2 (Change  

from wave 1)

Less than $5000 +1
5,001–10,000 0
10,001–15,000 –3
15,001–25,000 +1
25,001–35,000 –1
35,001–50,000 –33
50,001–75,000 –22
75,001–100,000 –14
More than 100,001 –22

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Develop-
ment (National Institutes of Health 2012).
Note: Negative numbers reflect loss of total number of participants in income 
bracket; positive numbers indicate gain of total number of participants in income 
bracket. Increase in total number did occur in sample because participants may 
have changed income bracket, and so on. Large overall attrition (in terms of ab-
solute change) was seen in the higher-SES groups; however, the attrition in the 
lower-SES portions of the sample was of a much greater percentage (as in wave 1, 
the range of individuals from low-SES backgrounds ranged from one to twenty-
one depending on the income bracket). SES = socioeconomic status.

Table 7.3  summary statistics for Brain Regions of interest

Region Mean (±Standard Deviation)

Whole brain volume 1431.94 (±146.26) mm3

Superior prefrontal cortex* 22.31 (±3.42) mm3

Ventral medial prefrontal cortex* 77.27 (±9.72) mm3

Hippocampus* 7.94 (±0.788) mm3

Cerebellum* 109.35 (±10.46) mm3

Occipital lobe* 82.072 (±10.69) mm3

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development (Na-
tional Institutes of Health 2012).
*Statistics for brain regions of interest are expressed in number of gray matter voxels (a mea-
sure of regional volume commonly used in structural neuroimaging analyses).

higher- income children. This suggests that differences in the hippocam-
pus, perhaps due to stress tied to growing up in poverty, might partially 
explain differences in long- term memory functioning and in particular, 
differences in learning, control of neuroendocrine functions, and modula-
tion of emotional behavior. The results of the estimates using an alterna-
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Table 7.4  model estimates for association Between ses measures and Brain Regions of interest

Right Ventral  
Medial PFC

Left Ventral  
Medial PFC

Left  
Superior PFC

Right  
Superior PFC

HS education or less 5.16 (177.6) –82.25 (195.6) –235.3 (417.1) –264.7 (418.7)
Some college –18.79 (142.4) –45.10 (157.5) –75.17 (328.3) –121.5 (331.4)
College 105.3 (136.2) –87.74 (151.0) –134.3 (310.3) 76.22 (314.4)
Low SES –69.72 (237.1) 29.91 (260.0) –310.7 (581.1) –868 (573.0)
Middle SES 16.92 (123.8) 78.48 (135.5) 70.59 (305.8) –140.4 (300.9)
Income (continuous) 57.67 (109.0) 18.71 (119.6) 254 (267.9) 523.6** (263.7)**

Occipital Lobe
Cerebellar  

Gray Matter
Cerebellum 

Total Volume 
Hippocampus  
Total Volume

HS education or less 479.0 (931.4) –1668.6 (1002.7) –2415.1 (1166.9) –125.3 (82.21)
Some college –17.67 (717.1) –682.2 (748.8)* –874.2 (869.7)** –95.12 (62.79)
College 713.9 (667.9) –187.1 (681.0) –434.2 (789.8) –9.969 (58.14)
Low SES –3090.3 (1367.0)** –5101.3 (1652.9)** –5731.8 (1945.2)** –297.7 (124.5)**
Middle SES –712.9 (723.0) –1601.1 (879.2)* –1716.6 (1034.9)* –127.2 (65.96)*
Income (continuous) 1878.6** (629.5)** 3183.6 (758.4)** 3608.8 (892.6)** 180.9 (57.40)**

Source: Authors’ compilation based on NIH MRI Study of Normal Brain Development (National Institutes of Health 2012).
Note: Beta and standard errors (in parentheses) shown for each brain region of interest. Estimate for education (for example, HS education or 
less, some college, college) are differences compared to graduate school. Estimate for SES group compare to high-SES group. Estimates from 
random-effects model with conventional standard. SES = socioeconomic status; PFC = prefrontal cortex; HS = high school.
*p < .10; **p < .05
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