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1  Socioeconomic 
Disadvantages and Health 
Across the Lifespan

Socioeconomic disadvantage (SED) has adverse 
impacts on physical (Adler and Rehkopf 2008; 
Blair and Raver 2012; Braverman and Egerter 
2008; Cohen et al. 2010; Poulton et al. 2002) and 
psychological (Adler and Rehkopf 2008; Bradley 
and Corwyn 2002; Grant et al. 2003) health devel-
opment. SED is similar to low socioeconomic sta-
tus (SES) which is based on occupation, income, 
and education or a composite of more than one 

of these indicators (McLoyd 1998). However, we 
conceptualize SED more broadly than socioeco-
nomic status to also include subjective perception 
of social position and contextual indicators of 
disadvantage, such as neighborhood deprivation. 
One of the most commonly used SED indicators 
is poverty, which is calculated using income that 
falls below an annually adjusted federal poverty 
line. Some studies suggest independent effects of 
different SED variables, but each variable tends 
to be highly correlated with the others; thus, it is 
often nearly impossible to disentangle indepen-
dent effects. Therefore, in this chapter, we will 
review findings on different SED variables but dis-
cuss the impact of SED inclusively. In adulthood, 
SED is assessed based on factors in an individual’s 
own background such as income, occupation, and 
education level, whereas in childhood, SED is 
typically assessed based on these factors for the 
parents.

SED is a widely recognized concern because 
long-lasting adverse effects on health have been 
robustly and consistently reported throughout the 
lifespan (Chen et al. 2007; Chen et al. 2002; 
Cohen et al. 2010; Evans and Kim 2010; Seeman 
et al. 2010) . With respect to psychological health 
development, exposure to SED has been 
 associated with poor language, cognitive deficits, 
and behavioral problems during childhood (Blair 
and Raver 2012; Brooks-Gunn and Duncan 1997; 
Evans 2004; Evans and Kim 2013; McLoyd 
1998). In adolescents, SED has been associated 
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with higher rates of psychopathology including 
substance abuse, disruptive behaviors, and 
depression (Doan et al. 2012; Fauth et al. 2007; 
Goodman et al. 2005; Sariaslan et al. 2014). In 
adulthood, individuals with SED exposure are 
more likely to exhibit reduced productivity at 
work, increased involvement in crime, as well as 
higher rates of mental illness (Duncan et al. 2010; 
Lorant et al. 2003; Ross 2000).

SED has also been associated with physical 
health development. In infancy, SED is linked to 
higher infant mortality and negative birth out-
comes (Brooks-Gunn and Duncan 1997; Metcalfe 
et al. 2011). In childhood and adolescence, SED 
is associated with higher risk for asthma, dental 
problems, and physical inactivity (Chen et al. 
2004; Miller and Chen 2013). Individuals 
exposed to SED are more frequently sick, and 
they die early, with higher morbidity and mortal-
ity rates throughout adulthood. Adults exposed to 
SED have higher rates of cancer, cardiovascular 
disease, and diabetes (Seeman et al. 2001). 
Finally, childhood SED exposure has long-last-
ing impacts on both psychological and physical 
health development after accounting for adult 
exposure to SED (Cohen et al. 2010; Danese and 
McEwen 2012; Evans et al. 2012).

Elevated levels of stress have been identified 
as a primary mediating mechanism underlying 
the effects of SED on health development. 
Childhood SED such as family poverty is associ-
ated with greater exposure to stressors such as 
harsh parenting, exposure to violence, separation 
from the parent, lower school quality, negative 
peer relations, substandard housing, pollutants, 
noise, and crowding (Evans 2004). Neighborhood 
deprivation is associated with lack of access to 
physical and cultural resources such as fresh 
fruits and vegetables, open space and other recre-
ational amenities, libraries, and transportation, as 
well as greater exposure to violence and crime 
(Meijer et al. 2012). Adulthood SED is also asso-
ciated with financial hardship, perceived discrim-
ination, lack of control and reward at work, and 
job insecurities (Ferrie et al. 2002; Matthews and 
Gallo 2011). Moreover, one of the distinct char-
acteristics of being exposed to SED is that indi-
viduals with SED are far more likely to experience 

multiple stressors over long periods of time. 
Chronic and severe levels of stress exposure 
immobilize the individual’s ability to cope with 
stressors (Blair et al. 2011; Evans and Kim 2013; 
Wadsworth and Compas 2002).

2  Neurobiological Mechanisms 
of Stress Regulation

The next step in linking SED and health develop-
ment is building an understanding of relevant neu-
robiological mechanisms. Chronic exposure to 
cumulative risk factors associated with SED can 
cause dysfunction in the brain and physiological 
systems, which in turn increases risks for psycho-
logical and physical illnesses. Neurobiological 
mechanisms of stress highlight three brain regions 
for their key roles in stress perception, appraisal, 
and regulation – the amygdala, hippocampus, and 
medial prefrontal cortex. These brain regions reg-
ulate the physiological stress systems, particularly 
the hypothalamus-pituitary-adrenal axis and auto-
nomic nervous system, which lead to physical 
responses to stress such as “fight or flight” (Ulrich-
Lai and Herman 2009).

2.1  Brain

The amygdala is a key region for detecting threats 
or potentially threatening information from the 
environment (Rodrigues et al. 2009). When an 
individual experiences actual or anticipated 
threats, the amygdala signals the paraventricular 
nucleus of the hypothalamus which then acti-
vates two primary physiological stress systems, 
the hypothalamus-pituitary-adrenal axis and the 
autonomic nervous system. Activation of the 
hypothalamus-pituitary-adrenal axis increases 
glucocorticoid (cortisol in humans) secretion and 
autonomic nervous system activation, including 
release of epinephrine and norepinephrine 
(Ulrich-Lai and Herman 2009). Long-term expo-
sure to stressors perceived as stress can cause 
changes in microstructure and function of the 
amygdala, leading to neurogenesis and synapto-
genesis (Davidson and McEwen 2012; Tottenham 
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and Sheridan 2009). These changes may lead to 
hyperactivity of physiological stress regulation 
and increased behavioral reactivity to stress 
(Rodrigues et al. 2009).

The hippocampus is important for memory for-
mation but also for stress regulation (Jacobson and 
Sapolsky 1991; McEwen 2001). While the amyg-
dala rapidly activates the physiological stress sys-
tem, the hippocampus plays a regulatory role by 
decreasing glucocorticoid secretion. This, in turn, 
leads to recovery of the hypothalamus-pituitary-
adrenal axis activation to baseline. The hippocam-
pus has a rich distribution of glucocorticoid 
receptors; therefore, its structure and function are 
particularly vulnerable to increased stress hor-
mone level exposure. Exposure to chronic stress 
injures the microstructure and function of the hip-
pocampus by retraction of apical dendrites and a 
reduction in spine density (McEwen 2001). The 
impact is further exacerbated because impaired 
hippocampal function reduces glucocorticoid neg-
ative feedback or regulatory functioning, which in 
turn leads to higher cortisol levels.

The prefrontal cortex is involved in excitatory 
and inhibitory physiological stress systems. The 
prefrontal cortex interacts with the amygdala and 
hippocampus, with the medial prefrontal cortex 
inhibiting both hypothalamus-pituitary-adrenal 
and autonomic stress responses by suppressing 
amygdala activation (Kalisch et al. 2006; Radley 
et al. 2006). On the other hand, the orbitofrontal 
cortex is involved in appraisal of emotional infor-
mation and activates both hypothalamus-pitu-
itary-adrenal and autonomic stress responses by 
increasing activity in the amygdala (Milad and 
Rauch 2007). Exposure to chronic stress impairs 
the medial prefrontal cortex through structural 
atrophy and suppression of neurogenesis while 
increasing dendritic connections of neurons in 
the orbitofrontal cortex (Davidson and McEwen 
2012). Behaviorally, prefrontal cortex dysfunc-
tion contributes to difficulty in regulating emo-
tional distress. Indeed, increased amygdala and 
orbitofrontal cortex activation and decreased hip-
pocampal and medial prefrontal cortex activation 
are neural risk markers for many mental illnesses 
such as depression, anxiety, and antisocial behav-
iors (Coccaro et al. 2007; McEwen 2005; 

Mervaala et al. 2000; Shin et al. 2006). Similarly, 
abnormal brain morphometry typically assessed 
by gray matter volumes, cortical thickness, or 
white matter structure in the amygdala, hippo-
campus, and medial prefrontal cortex has also 
been associated with a range of psychiatric disor-
ders (Phan et al. 2009; Price and Drevets 2012).

The three brain regions discussed above − 
amygdala, hippocampus, and prefrontal cortex – 
have been intensely examined in animal studies 
because of their role in stress regulation and vul-
nerability to chronic stress exposure. In humans, 
other brain regions also play an important role in 
responding to stress, and these too can be affected 
by chronic stress exposure. Rather than directly 
influencing human physiological stress responses, 
these brain areas communicate with and therefore 
influence the medial prefrontal cortex, hippo-
campus, and amygdala. The first of these neural 
networks is the lateral prefrontal cortex and ante-
rior cingulate cortex, which are involved in exec-
utive function, decision-making, and 
self-regulation (Kalisch 2009; Kalisch et al. 
2006; Ochsner et al. 2012). Activation in these 
regions suppresses amygdala activity by support-
ing cognitive reappraisal strategies and atten-
tional control to help people cope with stressful 
situations. Chronic stress exposure has been 
shown to alter microstructure and function in this 
network, which contributes to difficulties in exec-
utive function (Holmes and Wellman 2009).

The second network of neural regions 
involved in human stress and coping includes 
the insula, superior temporal gyrus, temporopa-
rietal junction, and posterior cingulate cortex, 
brain areas which are centrally related to social 
cognition (Uddin et al. 2007). In humans, most 
everyday life experiences take place in social 
contexts, and these brain regions are involved in 
processing crucial social information such as 
others’ mental states, thoughts, and intentions. 
Language is also critical for communication dur-
ing social interactions and likely contributes to 
coping processes such as cognitive appraisal. 
Therefore, brain regions involved in language 
production and comprehension, including 
Broca’s area, Wernicke’s area, and the angular 
gyrus, have also been examined by human stress 

How Socioeconomic Disadvantages Get Under the Skin and into the Brain to Influence Health…



466

researchers. Lack of cognitive and social 
stimulation has been associated with impaired 
functions in these networks (Adolphs 2001; 
Hackman and Farah 2009).

In sum, animal and human research consis-
tently highlights the significant role of the 
amygdala, hippocampus, and medial prefrontal 
cortex in stress reactivity and regulation. In 
human research, these three key regions are 
interconnected with other neural networks 
integrally involved in higher-level thought, 
including the executive function network (the 
lateral prefrontal cortex and anterior cingulate 
cortex), the social cognition network (insula, 
superior temporal gyrus, and posterior cingu-
late cortex), and language regions (Broca’s 
area, Wernicke’s area, and the angular gyrus). 
The three key regions work together with these 
other networks to process information from 
positive and negative experience and decide 
appropriate responses.

2.2  Physiological Systems

When individuals are exposed to stress, information 
is initially processed and evaluated in the brain, 
which then activates the primary physiological 
stress systems, the hypothalamus-pituitary-adrenal 
axis, and autonomic systems. To activate the hypo-
thalamus-pituitary-adrenal axis, signals from the 
amygdala cause the paraventricular nucleus of the 
hypothalamus to release corticotropin-releasing 
hormone and arginine vasopressin, which trigger 
secretion of adrenocorticotropic hormone from the 
pituitary gland. The adrenocorticotropic hormone 
then causes release of glucocorticoids, cortisol 
(stress hormone) in humans, by the adrenal cortex. 
Increased cortisol increases blood pressure and 
heart rate and stimulates anti-inflammatory and 
immunosuppressive actions.

The autonomic nervous system includes both 
the sympathetic and parasympathetic nervous 
systems. The sympathetic branch of the auto-
nomic nervous system provokes immediate 
changes such as increased heart rate and blood 
pressure, representing a “fight-or-flight” response 
to threat. Neuroendocrine biomarkers for these 

systems include glucocorticoids (cortisol) for the 
hypothalamus-pituitary-adrenal axis and epineph-
rine and norepinephrine for the autonomic ner-
vous system. Increased cortisol levels suppress 
inflammatory cytokines. Thus hypothalamus-
pituitary-adrenal axis dysregulation can lead to 
inflammatory system dysregulation. Biomarkers 
of inflammatory system dysregulation include 
interleukin-6, tumor necrosis factor alpha, 
C-reactive protein, and insulin-like growth 
factor-1.

Dysregulation of hypothalamus-pituitary-
adrenal axis and autonomic nervous system acti-
vation can also suppress and disrupt metabolic 
processes. Biomarkers of metabolic system dys-
function include low levels of high lipoprotein 
cholesterol and high levels of low-density lipo-
protein cholesterol, triglycerides, glycosylated 
hemoglobin, glucose, and insulin. Additionally, 
adiposity as indicated by body mass index and 
waist-to-hip ratio are potentially downstream 
indicators of stress dysregulation. The primary 
stress response systems increase blood pressure 
and heart rates and thus elevate risk for cardio-
vascular disease. Biomarkers include systolic 
and diastolic blood pressure, as well as heart rate 
(Krantz and Falconer 1995).

The allostatic load model proposes that expo-
sure to chronic stress may cause wear and tear in 
one or more primary stress regulatory systems (the 
hypothalamus-pituitary-adrenal axis and auto-
nomic nervous system) and subsequently in sec-
ondary physiological stress systems (metabolic 
processes, inflammatory and immune responses, 
and cardiovascular responses). Compromised 
functioning across these multiple physiological 
systems from chronic environmental demands 
may lead to long-term damage. Dysregulation of 
multiple physiological systems, indexed by allo-
static load, is a powerful predictor for health 
development outcomes and adults, including car-
diovascular disease, diabetes, as well as cognitive 
impairment and premature mortality. SED has also 
been studied for links to allostatic load because 
SED increases exposure to repeated, severe, and 
chronic stressors, which elevate allostatic load 
over the lifespan (Gruenewald et al. 2012; Seeman 
et al. 2010).
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3  Overview of SED 
and Neurobiological Impacts 
Over the Life Course

In this section of the chapter, we review current 
understanding of the effects of SED on neurobio-
logical stress regulatory across the lifespan 
including (1) how childhood SED affects child-
hood neurobiological systems, (2) how adult-
hood SED affects adult neurobiological systems, 
and (3) how childhood SED affects adult neuro-
biological systems. Within each temporal focus, 
we review literature on the brain and physiologi-
cal systems. Brain regions of interest include the 
hippocampus, amygdala, prefrontal cortex, and 
other related regions. We reviewed both struc-
tural and functional variations that have been 
associated with SED. Relevant physiological sys-
tems include the hypothalamus-pituitary-adrenal 
axis, sympathetic nervous system, cardiovascular 
responses, inflammatory and immune responses, 
and metabolic processes, as well as allostatic 
load. When available, the findings on the rela-
tions between the brain and physiological sys-
tems are also reviewed.

Following this overview of the literature on 
SED and neurobiological systems, we discuss 
the literature on life course health development 
principles (see Halfon and Forrest 2017). In 
particular, we discuss the multilevel and multi-
dimensional interactions between neurobiolog-
ical and environmental mechanisms underlying 
the associations between SED and health 
development. Finally, we discuss ways in 
which current scientific understanding of the 

effects of SED on human biology provides 
information for interventions and policy from a 
life course health development perspective 
(Figs. 1 and 2).

4  Socioeconomic 
Disadvantages (SEDs) 
and Neurobiological 
Mechanisms 
During Childhood

4.1  Brain: Structure

There is a fast-growing body of literature on the 
effects of SED on the developing brain suggest-
ing that childhood SED has negative impacts on 
brain development from infancy to late adoles-
cence. We will discuss recent literature on the 
development of both brain structure and function 
in the context of SED exposure in the hippocam-
pus, amygdala, and prefrontal cortex.

In the hippocampus, SED is associated with 
alterations in its structure across developmental 
stages (Hanson et al. 2011; Noble et al. 2015). 
Importantly, these effects have been docu-
mented not only in the USA but internationally 
as well (Jednorog et al. 2012). In a longitudinal 
study, family income was inversely associated 
with bilateral hippocampus gray matter vol-
umes in children at age 9. This link was medi-
ated by exposure to stress, both caregiving 
quality and stressful life events, assessed 
3 years earlier (Luby et al. 2013). Another study 
suggests that reduced hippocampal volume is 
associated with increased externalizing of 

Fig. 1 Conceptual model for chapter
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behavioral problems (Hanson et al. 2014). The 
reduced volumes in the hippocampus mediated 
the links between early life adversity and 
behavioral problems at school including prob-
lems with teachers and disruptive behaviors 
(Hanson et al. 2014).

Amygdala structure has been associated with 
major chronic stressors in early life such as 
maternal deprivation (Tottenham and Sheridan 
2009). However, the patterns of the associations 
between early adversity and amygdala structure 
appear to be more complex compared to the pat-
terns found in the hippocampus. Among children 
in middle childhood and early adolescence, SED 
was associated with reduced amygdala gray mat-
ter volumes (Hanson et al. 2014; Luby et al. 
2013), whereas among children in middle child-
hood to late adolescence, SED was associated 
with increased amygdala gray matter volume 
(Noble et al. 2012). Others have failed to demon-

strate the links between SED and amygdala 
structure (Hanson et al. 2011). More develop-
mental research is needed to identify what SED 
factors may be associated with different develop-
mental trajectories of the amygdala. Consistent 
with life course health development principles 
(see Halfon and Forrest 2017), work to date sug-
gests that both timing and duration of SED expo-
sure are critical for understanding SED impacts 
on amygdala structure and function.

The prefrontal cortex and other regions for 
language and social cognition are affected by 
exposure to SED. Only one study has examined 
the effects of family income on brain structure 
in the first years of life (Hanson et al. 2013). 
Longitudinal analyses revealed that infants from 
low-income families had lower gray matter vol-
umes in the frontal and parietal lobes compared 
to their counterparts from mid- and high-income 
families. Moreover, the low-income infants had 

Fig. 2 A summary of socioeconomic disadvantages 
(SEDs) and neurobiological mechanisms across lifespan 
(SEDs socioeconomic disadvantages; PFC prefrontal cor-

tex, SNS sympathetic nervous system; HPA 
hypothalamus-pituitary-adrenal)
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more dampened brain growth trajectories 
compared to mid- and high-income infants: 
although the brain volumes were comparable 
during the first year of life, by 3–4 years of age, 
low-income children showed significantly 
reduced volumes compared to high- and mid-
income children. The reduced volume in the 
frontal lobe, a brain area involved in cognitive 
control, was associated with more externalizing 
behaviors, but not with internalizing behaviors. 
In another study with children aged 4–18, SED 
based on income and education was associated 
with cortical thinning in the prefrontal cortex, 
particularly in the right anterior cingulate cortex 
and left superior frontal gyrus, regions that are 
important for behavioral regulation and execu-
tive functions (Lawson et al. 2013). This study 
also provided evidence that changes due to 
stress exposure are not linear based on age. In 
the low SES group, from ages 5–17, gray matter 
volumes decreased in the inferior and superior 
temporal gyri, areas involved in language devel-
opment and cognitive controls. On the other 
hand, in the high SES group, gray matter vol-
umes in these areas increased over time (Noble 
et al. Noble et al. 2012b). Given that the pruning 
process occurs mid- to late adolescence (Giedd 
2004), the rapid decline in gray matter volume 
in the low SES group may limit normal develop-
ment in the prefrontal cortex. This may be fur-
ther associated with compromised cognitive 
functions. In middle childhood, SED was linked 
to reduced gyrification in the medial prefrontal 
cortex, indicating delayed maturation (Jednorog 
et al. 2012).

Finally, a recent study demonstrated a robust 
association among SED, cortical structure, and 
cognitive function throughout childhood (age 
3–20) (Noble et al. 2015). In the sample of 1099 
participants, family income was associated with 
increased cortical surface area as well as thick-
ness. The gradient relations between family 
income and cortical surface area were quadratic 
so that the children of the lower-income families 
were more affected by income changes com-
pared to the children of the higher-income fami-
lies. The differences in the cortical surface 
explained the lower neurocognitive abilities 

among low-income children. Similar findings 
that support the role of cortical structure differ-
ences in the income-achievement gap were 
recently reported in a smaller sample of adoles-
cents (Mackey et al. 2015).

4.2  Brain: Function

Existing evidence suggests the effects of SED on 
whole-brain functioning can start very early in 
life. A longitudinal study demonstrated that both 
income and maternal education were positively 
associated with maturity of the sensorimotor net-
work (primary sensorimotor/auditory) and 
default mode network at 6 months of age (Gao 
et al. 2014). At 6 months, babies can sit up and 
interact more extensively with their environment; 
therefore, these brain networks may support sen-
sorimotor exploration and a sense of agency. 
Delayed development in these networks due to 
exposure to SED during the first year may por-
tend adverse long-term impacts on child health 
development.

The impact of childhood SED on prefrontal 
cortex functioning and its role in cognitive devel-
opment have been examined extensively in the 
literature, whereas the effects on hippocampal 
and amygdala functions are less understood. One 
study focused on the associations between SED 
and hippocampal function and included both 
objective measures of SES and maternal subjec-
tive ratings of social standing (Sheridan et al. 
2013). Interestingly, perceived social standing, 
but not income or education, was associated with 
hippocampal function. Among children 
8–12 years old, higher perceived social standing 
was associated with greater hippocampal activa-
tion during a memory encoding task. This finding 
highlights the importance of examining subjec-
tive and objective social standing in relation to 
brain development over the life course.

The role of SED exposure in amygdala func-
tioning is not well understood. In adolescents, low 
SES was associated with increased amygdala 
responses to angry faces (Muscatell et al. 2012), 
which suggests greater neural sensitivity to 
 negative emotional information in social contexts. 
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In a longitudinal study, early adversity including 
low family income in infancy was associated with 
reduced functional connectivity between the 
amygdala and prefrontal cortex in female adoles-
cents (Burghy et al. 2012). This reduced connec-
tivity, which may be related to difficulties in 
emotion regulation, was further associated with 
higher anxiety symptoms.

The impact of SED exposure on the prefrontal 
cortex and other neural regions associated with 
cognitive functions has been detected during the 
first few years of life. Six- to eight-month-old 
infants from low-income families exhibited 
reduced gamma band power in the frontal lobe 
compared to infants from high-income families, 
after controlling for several covariates such as 
exposure to smoke (Tomalski et al. 2013). Reduced 
gamma power may be an early risk marker for 
poor attentional control and delayed language 
development, both of which are more prevalent in 
low SES children (Hackman and Farah 2009; 
Hoff 2006). This link between SES and frontal 
lobe development was found in older children as 
well. Low SES was associated with less mature 
EEG activity patterns in the frontal lobe across 
ages 4–6 (Otero et al. 2003; Otero 1997).

In middle childhood, SED exposure was asso-
ciated with prefrontal cortex activity and execu-
tive functioning. Children 7–12 years old 
performed a target detection task designed to 
probe cognitive flexibility and working memory, 
which is related to lateral prefrontal cortex acti-
vation (Kishiyama et al. 2009). Lower SES chil-
dren showed reduced prefrontal cortex activation 
compared to children of high SES families, indi-
cating delayed prefrontal cortex development 
and increased risks for delay in executive func-
tion. Sheridan et al. (2012) examined the link 
between SED and neural activation for executive 
functioning among 8–12-year-old children 
(Sheridan et al. 2012). Interestingly, low SES 
children showed greater, rather than reduced, 
activation in right middle frontal gyrus compared 
to high SES children. Although there were no 
behavioral performance differences by SES, in 
low SES children, increased activation in the 
right middle frontal gyrus was associated with 
better accuracy. Therefore, low SES children 

may have to recruit this region more strongly 
than high SES children in order to perform at the 
same level. Additionally, low SED adolescent 
girls exhibited increased activation in the anterior 
cingulate cortex during an inhibition control task, 
which indicated ineffective recruitment of the 
brain region for behavioral performance 
(Spielberg et al. 2015).

Neural activations for attention control are 
also associated with SED exposure in children. In 
both early childhood (Stevens et al. 2009) and 
adolescence (D’Angiulli et al. 2008; D’Angiulli 
et al. 2012), low SES children showed reduced 
responses to target stimuli and increased 
responses to distractor stimuli. This pattern of 
neural activation may contribute to poor suppres-
sion of responses to distracting information and 
less filtering of irrelevant information. In adoles-
cence, low SES was also associated with noisier 
and inefficient neural responses to auditory stim-
uli compared to mid-SES (Skoe et al. 2013). 
Such altered neural responses may require low 
SES children to exert more effort in order to per-
form at the same levels as their high SES coun-
terparts, which suggests that SED reduces the 
overall adaptability and threatens the long-term 
heath development of these children.

Given consistent evidence of delayed lan-
guage development in low SES children, the 
impact of SED exposure on brain regions 
involved in language development has been 
examined. Among kindergarteners, neural acti-
vations during a phonological awareness task 
of discriminating rhymed monosyllabic words 
versus nonwords were assessed (Raizada and 
Kishiyama 2010). Phonological processing is a 
critical, underlying process in reading acquisi-
tion. Children with high family SES exhibited 
left inferior frontal gyrus specialization, which 
is important for language development, while 
children of low family SES were less likely to 
exhibit such specialization. On the other hand, 
in middle childhood (ages 7–11), low SES 
background was associated with increased, not 
reduced, activations in left fusiform regions 
during a reading task, which was further associ-
ated with better phonological skills within the 
low SES group (Noble et al. 2006). Fusiform 
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activation is thought to support visual word 
recognition, but it is not typically associated 
with effective phonological skills. Middle SES 
background was associated with increased acti-
vation in the perisylvian and superior frontal 
regions, typical activation regions for language 
skills. However, among low SES children, peri-
sylvian and superior frontal region activation 
was less likely to be shown during a reading 
task. These results show complex associations 
between brain activations and development in 
the context of SED.

4.3  Physiological Systems

The sympathetic nervous system is commonly 
assessed by resting blood pressure, blood pres-
sure reactivity, and blood pressure recovery in 
response to an acute stress exposure in children 
and adolescents. In children, SED is associated 
with dysregulation of the sympathetic nervous 
system marked by elevated resting blood pres-
sure and heightened blood pressure reactivity to 
stress (Chen et al. 2004; Gump et al. 2007; 
Jackson et al. 1999; Kapuku et al. 2002).

On the other hand, in adolescence, the asso-
ciations between SED and blood pressure are 
not consistent or in the opposite direction from 
childhood. Some researchers have failed to find 
a consistent association between SED and rest-
ing blood pressure during adolescence (Chen 
et al. 2002). A particularly interesting longitu-
dinal study showed that maternal education was 
inversely related to childhood resting blood pres-
sure at ages 7 and 9 years, but then had no asso-
ciation among 11- and 15-year-olds (Howe et al. 
2013). When exposed to an acute stressor, 
SED adolescents exhibit dampened rather than 
elevated blood pressure reactivity (Evans and 
Kim 2007; Musante et al. 2000). Other studies 
have failed to reveal any association between 
SED and blood pressure reactivity in adolescents 
(Chen et al. 2002). One reason for less consis-
tent findings with blood pressure in adolescence 
is an increased significance of peer and school 
environment relative to the family environment 
during adolescence. For example, neighborhood 

SED but not family SED was significantly asso-
ciated with elevated ambulatory blood pressure 
in adolescents (McGrath et al. 2006). Although 
it is not consistently found, researchers identified 
slower blood pressure recovery – blood pressure 
taking longer to come back to baseline – after 
lower SES adolescents were exposed to acute 
stress (Evans et al. 2007; Walter and Hofman 
1987). Epinephrine, a hormone that regulates 
the sympathetic nervous system, was elevated 
overnight among 9-year-olds exposed to SED 
(Evans and English 2002; Evans and Kim 2007). 
SED also reduced expressions of genes regulated 
by catecholamines in children with asthma, sug-
gesting dysregulation of the sympathetic nervous 
system (Chen et al. 2009).

Cortisol, a hormone marker of the hypothala-
mus-pituitary-adrenal axis, is dysregulated in 
children and adolescents exposed to SED. SED is 
associated with elevated baseline levels of corti-
sol during childhood (Essex et al. 2002; Evans 
and English 2002; Flinn and England 1997; 
Gustafsson et al. 2006; Lupien et al. 2001; Lupien 
et al. 2000) and adolescence (Evans and Kim 
2007) although Lupien et al. (2001) found that by 
age 12, SES is no longer related to baseline corti-
sol levels. The longer children experience pov-
erty, the higher the cortisol level (Blair et al. 
2013). In a particularly noteworthy study, Chen 
et al. (2010) examined salivary cortisol every 6 
months for a 2-year period among a group of 
adolescents. Saliva readings were taken through-
out the day. Overall levels were higher among 
youth from low-income families and, of particu-
lar interest, rose faster as the adolescent matured.  
Children exposed to SED in middle childhood 
also exhibited heightened reactivity to an acute 
stressor (Gump et al. 2009). Similar to the find-
ings on blood pressure, neighborhood SES pre-
dicted higher cortisol reactivity in adolescent 
boys (Hackman et al. 2012). These same authors, 
however, also found a more rapid return of corti-
sol levels to baseline in relation to residence in 
more deprived neighborhoods: a result opposite 
to what one would expect.

Research also suggests that alleviation of SED 
can improve hypothalamus-pituitary-adrenal axis 
regulation in early childhood. Fernald and Gunnar 
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(2009) evaluated the impacts of a conditional cash 
transfer program on assessments of cortisol during 
a visit to children’s homes. In this experimental 
program, low-income families are randomly 
assigned to receive cash in exchange for compli-
ance with better health care for their child (e.g., 
nutrition supplements, physicals, child health edu-
cation) plus more school attendance, or they are 
enrolled in a control group. The amount of cash 
transfer is considerable, averaging between 20 and 
30% of a household’s annual income. The results 
showed that primary school-aged children in the 
income supplement program had lower overall lev-
els of salivary cortisol if they also had a depressed 
mother. For low-income families in which the 
mother was not depressed, there were no impacts 
of additional income on cortisol levels.

Higher obesity rates are found in children 
exposed to SED. Obesity is associated with mal-
functioning of the metabolism system. Metabolic 
dysregulation is most commonly indexed by high 
levels of lipids, low glucose tolerance, and high 
body mass index (BMI) which is an indicator of 
adiposity. Children exposed to SED show higher 
BMI (Shrewsbury and Wardle 2008; Sobal and 
Stunkard 1989). In an interesting study, 
Hargreaves et al. (2013) examined childhood 
obesity (≥ 95th% for age and gender) using four 
different UK national birth cohorts to illustrate 
secular trends from 1999 to 2009. Occupational 
level of the head of household was inversely 
related to obesity, and the degree of inequality 
rose 25% over the decade. Some researchers find 
that the link between SED and adiposity is stron-
ger in younger children, females, and Caucasian 
children. It is also worth noting that when excess 
adiposity is defined in terms of obesity (typically 
>95th percentile for age and gender) rather than 
by actual BMI, the SES trends are stronger and 
more consistent.

When metabolic dysregulation was examined 
across childhood and adolescence, exposure to 
SED from birth to age 9 years was associated with 
high BMI at age 9 and also a steeper trajectory of 
weight gain over the next 8 years (Wells et al. 
2010). Howe et al. (2013) tracked the same birth 
cohort over time and found that whereas there 
were no differences in BMI in relation to SES 

prior to age 4, around 60 months of age, clear SES 
differences emerged and continued to widen up to 
age 10, the end of their study.

A smaller number of studies have examined 
weight at different ages during development in 
relation to childhood SES. Kakinami et al. 
(2013b) took these early life course analyses a 
step further by generating poverty trajectory 
classes from birth to obesity assessments at ages 
6, 8, 10, and 12 years among a large, representa-
tive sample of children from the province of 
Quebec. They found four classes: always poor, 
never poor, increased likelihood of poverty over 
time, and decreased likelihood of poverty over 
time. The largest differences occurred between 
the stable poor and the stable, nonpoor groups, 
but the effects took time to emerge. For age- and 
gender-adjusted BMI, the stable poverty group 
had higher BMI percentiles than the stable, non-
poor group at ages 10 and 12 years. Thus, at 6 
and 8 years old, there was no link between dura-
tion of early poverty and BMI. For the likelihood 
of being overweight or obese (≥BMI 85th %), 
differences emerged by age 8 and continued 
through to age 12. Two other aspects of their data 
are noteworthy in thinking about health develop-
ment. First, the older the child, the greater the 
impact on weight. Second, they also found ele-
vated risk of greater weight in the group with 
decreased likelihood of poverty over time (i.e., 
started out poor but became nonpoor) relative to 
the stable nonpoor group, but did not find this for 
the opposite trajectory where children started out 
nonpoor but became poor. Thus, there is evidence 
that early poverty exposure has long-lasting 
impacts, regardless of subsequent upward mobil-
ity even among children. All of these effects 
remained with statistical controls for current 
income, birth weight, and parental weight.

The effects of SED may begin very early in 
life. Klebanov et al. (2014) showed that lower-
income households have lower-weight infants at 
birth, a common finding in the literature on SES 
and birth weight (Spencer 2000). However, 
Klebanov and colleagues then showed that weight 
gain was faster in infants from  low-income house-
holds in comparison to those from middle-income 
households. Low birth weight babies are at risk 

P. Kim et al.



473

for more rapid weight gain because of maternal 
efforts to help the baby become healthier, leading 
to overfeeding as well as biological compensatory 
mechanisms within the baby herself that alter 
metabolism in order to gain weight.

Glucose metabolism is reduced in children 
exposed to SED, which contributes to the risk for 
obesity and metabolic system dysregulation. 
Several SED variables have been associated with 
dysregulated glucose metabolism. The National 
Health and Nutrition Examination Survey 
(NHANES) data, a nationally representative US 
dataset, revealed family income was inversely 
associated with glycosylated hemoglobin levels 
among children from age 1 to 19 (Seeman et al. 
2010). Low parental education was also inversely 
associated with several metabolic markers 
including total cholesterol and the ratio of low- to 
high-density lipoproteins (Leino et al. 1996). 
Neighborhood deprivation was also associated 
with dysregulation of the metabolic system 
including higher low-density lipoproteins, tri-
glycerides, as well as body fat among children 
aged 9–15 (Gliksman et al. 1990). Kakinami 
et al. (2013a) conducted a longitudinal study 
among children beginning at birth until age 
10 years old. Poverty exposure was defined in 
terms of both timing (birth to age 2, 3–6, 
7–10 years) and duration (number of age periods 
[0–3] with poverty exposure). Poverty timing and 
duration were each linked with elevated triglyc-
erides and insulin with in-depth controls for a 
host of sociodemographic and physical variables, 
including family histories of pertinent diseases. 
Interestingly, for triglycerides, the duration of 
poverty exposure was most important, whereas 
for insulin, timing mattered, with exposure from 
birth to two most consequential. High-density 
lipids were also reduced by poverty exposure but 
once the covariates were included in the model, 
this effect was no longer significant.

Children exposed to SED exhibit elevated 
inflammatory responses. Chen and colleagues 
(Chen et al. 2003; Chen et al. 2006) examined the 
role of childhood SED exposure in inflammation 
and immune responses particularly among chil-
dren with asthma. Asthma has a strong associa-
tion with SED exposure, and the risk of asthma is 

related to dysregulation of inflammatory 
response. Among children and adolescents with 
asthma, low neighborhood SES was associated 
with increased cytokine responses to allergens 
(Chen et al. 2003; Chen et al. 2006). On the other 
hand, in healthy children, no association between 
neighborhood SES and inflammatory responses 
was found. Chronic exposure to low SES across 
ages 1–9 was associated with increased immune 
responses measured by interleukin-6 production, 
but a trajectory of initially low SES followed by 
upward mobility was associated with normal 
immune responses (Azad et al. 2012).

Inflammatory responses are regulated by gene 
expression of T cells. Among children with 
asthma, SED was associated with overexpression 
of T-cell genes that are involved in chemokine 
activity and responses to wounds (Chen et al. 
2009). This was due to decreased activity of the 
transcription factors cyclic AMP-binding protein, 
AP1, and nuclear factor Y as well as increased 
activity of genes regulated by the proinflamma-
tory transcription factor, nuclear factor kappa-
B. Such findings suggest gene and inflammatory 
pathways linking SED and immune dysfunction 
among children. Childhood SES was further 
associated with the genetic mechanisms of 
inflammatory responses. Low family SES was 
associated with increased levels of messenger 
RNA for TLR4, a receptor involved in inflamma-
tory response regulation in adolescence (ages 
13–19) (Miller & Chen 2007b). The higher levels 
of TLR4 suggest leukocyte inflammatory 
responses to endotoxins, thus greater susceptibil-
ity to pathogens such as the cold virus. In addi-
tion to objective SED indicators, perceived level 
of SED was associated with higher proinflamma-
tory biomarkers, IL-6, and TNF-α soluble recep-
tor 2 (sTNFR2) in white, but not black, 
adolescents (Pietras and Goodman 2013).

When these different physiological systems 
are considered together in a cumulative fashion, 
SED is associated with higher allostatic load, 
indicating chronic wear and tear on physiological 
stress regulatory systems. Evans and colleagues 
demonstrated that exposure to chronic stressors 
including poverty is longitudinally associated 
with higher allostatic load in middle childhood 
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and early adolescence (Evans 2003; Evans et al. 
2007). Longer periods of living in poverty since 
birth was also associated with high allostatic load 
at age 13 (Evans 2003; Evans et al. 2007). 
Although literature on SED and allostatic load in 
childhood is limited, others have also uncovered 
significant links between SED and allostatic load 
in children and adolescents (Goodman et al. 
Goodman et al. 2005b). In adolescence, neigh-
borhood poverty more significantly predicted 
higher allostatic load than family poverty (Brody 
et al. 2014). Using the nationally representative 
data of the NHANES, researchers also showed 
that the link between SED and allostatic load is 
greater in African Americans compared to white 
and Hispanic adolescents (Rainisch and Upchurch 
2013). However, the relative advantages in the 
white and Hispanic adolescents became smaller 
as they grew older. The evidence on separate 
stress systems and allostatic load reveal mecha-
nisms by which SED alters the physiological 
stress regulatory systems, which may further 
diminish the ability to cope with stress and 
increase risks for physical and mental illnesses.

5  SED and Neurobiological 
Mechanisms 
During Adulthood

5.1  Brain: Structure

The impact of socioeconomic disadvantage on 
adult brain structure has been researched less 
than in children. Existing studies suggest that 
disadvantages in adulthood are associated with 
aberrant structure in brain regions involved in 
language, executive functions, and emotion reg-
ulation. It should be noted, however, that while 
adults living in SED are more likely to have 
experienced similar disadvantages in childhood, 
most studies do not control for childhood SES 
or the trajectories of SED that span childhood, 
adolescence, and adulthood. Therefore, it is dif-
ficult to disentangle the timing effects of SED 
when understanding the effects on brain and 
physiological systems. Herein, noting this limi-
tation, we review studies examining the cross-

sectional association between adult SED and 
neurobiological dysfunctions in adulthood.

Exposure to disadvantages, particularly low 
educational attainment, has consistently been 
associated with reduced hippocampal volume. 
Among cognitively healthy seniors, low SES was 
associated with impaired neural anatomy includ-
ing reduced white matter integrity in the hippo-
campus (Piras et al. 2011; Teipel et al. 2009). 
Among individuals from a wide age range (18–
87 years), fewer years of education was also 
associated with a smaller hippocampus (Noble 
et al. Noble et al. 2012a). The association between 
SED and hippocampus structure starts at age 35, 
showing a decline in this area. Evidence of asso-
ciations between adult SED and amygdala struc-
ture is limited, but SED was related to smaller 
amygdala structure in adulthood (Noble et al. 
Noble et al. 2012a), which may also be associ-
ated with mood dysregulation among adults 
exposed to SED.

SED exposure has also been linked to changes 
in regions involved with cognitive functioning. 
Among men aged 35–64, high neighborhood 
deprivation was associated with smaller cortical 
volume and thinning in the language-related 
Wernicke’s and Broca’s areas, as well as smaller 
cortical surface area in the frontoparietal regions, 
which are implicated in cognitive control 
(Krishnadas et al. Krishnadas et al. 2013b). In a 
sample of more than 300 brains of seniors (aver-
age age of 76), low educational attainment was 
associated with reduced gray matter volumes in 
the left temporoparietal area and in the bilateral 
orbitofrontal cortex (Foubert-Samier et al. 2012). 
In young adult participants, low subjective ratings 
of social standing using the MacArthur Scale of 
Subjective Social Status were associated with 
smaller gray matter volumes in the anterior cingu-
late cortex, but not in the hippocampus and amyg-
dala (Gianaros et al. 2007). Standard SES, based 
on objective measures of income, education, and 
occupation, was not associated with gray matter 
volume in the anterior cingulate cortex.

The structural integrity of the brain in the context 
of SED has also been examined. Healthy adults aged 
30–50 years were examined for the effects of SED 
on the fractional anisotropy of white matter tracts, 
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which represents the integrity of neural circuits 
across different regions (Gianaros et al. 2013). All 
three SED indicators – education, income, and 
neighborhood quality – were associated with 
reduced white matter integrity, assessed by the frac-
tional anisotropy, reflecting axonal caliber, myelin 
thickness, or fiber coherence (Jung et al. 2010) 
throughout the brain. In another study, neighbor-
hood deprivation alone was also associated with a 
less efficient and noisier neural network among men 
aged 35–64 (Krishnadas et al. 2013a). When both 
young adults and elders were compared, education 
attainment was not associated with brain structure in 
young adults but was positively associated with 
white matter integrity in seniors age 65 and above 
(Johnson et al. 2013). Reduced white matter integ-
rity in the bilateral superior frontal gyrus was further 
associated with poor working memory performance 
in seniors with low educational attainment.

Several studies examined the role of physiologi-
cal systems in the link between SED and the adult 
brain. In particular, the role of inflammation dys-
function has been highlighted as a mediator of the 
relations between SED and brain. The inflamma-
tion factor mediates the links between neighbor-
hood deprivation and reduced cortical thickness in 
key language regions, including the left Wernicke’s 
area (Krishnadas et al. Krishnadas et al. 2013b). 
Inflammatory dysfunction (C-reactive protein) and 
metabolic dysregulation (adiposity) were also 
examined as a physiological risk marker of cardio-
vascular diseases. Inflammatory factors mediated 
the link between SED and adiposity, and adiposity 
was further associated with reduced integrity of 
neural circuits (Gianaros et al. 2013).

5.2  Physiological Systems

There is relatively robust evidence on sympathetic 
nervous system dysregulation in conjunction with 
adult SED exposure. Several studies have shown 
that SED is associated with higher resting blood 
pressure. High resting blood pressure contributes 
to greater risks for cardiac diseases from young to 
late adulthood. In developed countries like the 
USA, Canada, and the UK, evidence is stronger 
and more consistent than in developing countries 
(Colhoun et al. 1998; Kaplan and Keil 1993). 

Neighborhood SED is also associated with higher 
resting blood pressure among adults in many 
studies (Chaix et al. 2010; Chaix et al. 2008; 
Cozier et al. 2007; Cubbin et al. 2000; Diez-Roux 
et al. 2000; Harburg et al. 1973; McGrath et al. 
2006).

Several other markers of sympathetic nervous 
system dysfunction have been found among 
adults exposed to SED. SED was associated with 
dampened blood pressure reactivity to stress 
(Steptoe et al. 2002a; Steptoe et al. 2003) and 
reduced heart rate variability (Hemingway et al. 
2005; Sloan et al. 2005). Individuals exposed to 
SED are also less likely to exhibit the normal 
overnight dip in blood pressure, which is a risk 
marker for cardiovascular diseases (Spruill et al. 
2009; Stepnowsky et al. 2004). One intriguing 
explanation for these nighttime effects could be 
sleep disturbance, which appears to be more 
common among lower SES adults (Buckhalt 
2011). In addition, SED was associated with 
higher norepinephrine and epinephrine levels 
among adults (Cohen et al. Cohen et al. 2006a; 
Janicki-Deverts et al. 2007; Seeman et al. 2004).

Cortisol, a hormone index of hypothalamus-
pituitary-adrenal axis activation, has a natural 
diurnal rhythm throughout the day. The level is 
highest immediately after awakening, and then 
it sharply decreases and continues to decrease 
until it gradually increases overnight. 
Hypothalamus-pituitary-adrenal axis dysregula-
tion is indicated by lower levels of cortisol 
awakening response and dampened and slower 
decreases during the day. This has been demon-
strated in several developed countries, across 
different ages of adulthood. Lower levels of 
awakening cortisol and slower decline during 
the day both result in overall elevated levels of 
cortisol in the system (Cohen et al. 2006; Cohen 
et al. 2006a; Li et al. 2007). SED-exposed adults 
are more likely to exhibit these circadian pat-
terns (Adam and Kumari 2009; Brandtstädter 
et al. 1991), indicating dysregulation of the 
hypothalamus-pituitary-adrenal axis. In the 
context of low SES, compared to younger 
adults, older adults exhibited higher circadian 
levels overall (Karlamangla et al. 2013). In 
addition, when cortisol level was assessed using 
overnight urinary sampling, the accumulated 
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level of cortisol was higher in SED-exposed 
adults compared to non-SED-exposed adults 
(Gruenewald et al. 2012).

Extensive evidence shows that SED is 
associated with elevated levels of inflammation 
among adults. Low socioeconomic status vari-
ables such as low education attainment, lower 
class occupation, and low income have been 
associated with higher levels of C-reactive pro-
tein, interleukin-6, and fibrinogen (Alley et al. 
2006; Brunner et al. 1996; Brunner et al. 1997; 
De Boever et al. 1995; Gruenewald et al. 2009; 
Hemingway et al. 2003; Ishizaki et al. 2000; 
Jousilahti et al. 2003; Kivimaki et al. 2005; 
Koster et al. 2006; Loucks et al. 2006; Lubbock 
et al. 2005; McDade et al. 2006; Owen et al. 
2003; Panagiotakos et al. 2004; Petersen et al. 
2008; Pollitt et al. 2007, 2008; Rathmann et al. 
2006; Steptoe et al. 2003; Steptoe et al. 2002; 
Wamala et al. 1999; Wilson et al. 1993). 
Neighborhood poverty is also associated with 
higher levels of C-reactive protein and interleu-
kin-6 (Gallo and Matthews 2003). Markers for 
long-term upregulation of proinflammatory cyto-
kines including tumor necrosis factor-α and inter-
leukin-1 receptor antagonist and hemostatic 
factors such as factor VII, von Willebrand factor, 
and plasminogen activator inhibitor-1 have also 
been identified among SED individuals (Steptoe 
et al. Steptoe et al. 2002b; Wamala et al. 1999). 
Elevations in inflammatory markers suggest poor 
immune response regulation, which increases the 
risk for greater inflammatory reactions to patho-
gens and irritants and thus portends eventual 
morbidity (Gruenewald et al. 2012).

Consistent findings on SED and increased 
markers of metabolic malfunction, higher fasting/
postload glucose, and higher fasting triglycerides 
were shown in adults with SED (Brunner et al. 
1997; Matthews et al. 1989). Higher levels of low-
density lipoproteins and lower levels of high-den-
sity lipoproteins have also been found in SED 
adults relative to their more advantaged peers 
(Matthews et al. 1989; Wamala et al. 1997). Not 
surprisingly, SED adults have higher rates of diabe-
tes (Everson et al. 2002; Guize et al. 2008; Lidfeldt 
et al. 2007; Maty et al. 2005; Maty et al. 2008) and 
other metabolic illnesses including hypertension, 

obesity, dyslipidemia, and hyperglycemia (Brunner 
et al. 1997; Chichlowska et al. 2009; Loucks et al. 
2007; Wamala et al. 1999).

Taken together, there is evidence for links 
between SED exposure and physiological stress 
dysregulation across the adult lifespan. Such 
evidence is reflected in the association between 
SED and allostatic load in adulthood. Both indi-
vidual SED variables such as occupation, 
income, and education level as well as neighbor-
hood SED exposure have been associated with 
elevated allostatic load (Bird et al. 2010; 
Crimmins et al. 2009; Geronimus et al. 2006; 
Karlamangla et al. 2005; Merkin et al. 2009; 
Schulz et al. 2012; Seeman et al. 2008; Singer 
and Ryff 1999). Higher allostatic load predicts 
elevated morbidity and mortality (Juster et al. 
2011; Juster et al. 2010).

6  Childhood SED and Adult 
Neurobiological Mechanisms

6.1  Brain: Structure

When the effects of childhood SED exposure on 
adult hippocampus and amygdala were exam-
ined, mixed results were reported. It is important 
to note that in order to be confident that the rela-
tionship between childhood SED and adult neu-
ral alterations is not simply reflecting concurrent 
SED status, these life course studies should 
examine the association of childhood SED and 
adult brain independently of adult SED. In a sam-
ple of over 200 68-year-old adults in England, 
childhood exposure to SED at age 11 years was 
prospectively associated with reduced hippo-
campal volumes after controlling for adulthood 
exposure to SED at age 65 (Staff et al. 2012). 
However, another study provides evidence for the 
opposite result. Among 403 adults in Australia, 
aged 44–48 years, the impacts of self-reported 
childhood poverty exposure as well as financial 
hardship during the past 12 months on hippocam-
pal and amygdalar volumes were examined 
(Butterworth et al. 2012). Analysis revealed that 
the current financial hardship, but not childhood 
poverty exposure, was associated with reduction 
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in gray matter volumes of bilateral hippocampus 
and amygdala. However, it should be noted that 
the study sample was predominantly mid- and 
high-SES individuals and few individuals from 
low SES were included. The differences between 
the two studies may be related to the variance of 
childhood adversity included in the study 
samples.

Studies examining the prefrontal cortex and 
other cortical regions demonstrate that stronger 
evidence exists for the effects of childhood expo-
sure, rather than adulthood exposure, to SED. In 
a longitudinal study in Germany, brain structure 
of 134 young adults was assessed. Early life pov-
erty based on family income at 3 months of age 
was associated with reduced orbitofrontal gyrus 
gray matter volume at age 25 (Holz et al. 2015). 
The reduced orbitofrontal cortex volume further 
mediated the link between early life poverty and 
conduct disorders. Exposure to current poverty 
did not predict the orbitofrontal gyrus volume. 
Other studies have not directly tested the timing 
effect of childhood SED by controlling for adult-
hood SED; however, they suggest that childhood 
SED contributes to reduced structure in the pre-
frontal cortex (Cohen et al. Cohen et al. 2006b; 
Narita et al. 2010).

6.2  Brain: Function

The effects of childhood SED on the adult brain 
are better understood in relation to socio-emo-
tional information processing as compared to cog-
nitive processes. This is different from the literature 
on the effects of SED in adulthood, which is pri-
marily focused on cognitive functions.

Adults who were exposed to childhood SED 
exhibited greater neural reactivity to negative 
emotional information in the amygdala, which 
may indicate elevated stress reactivity. Low 
subjective ratings of parental social standing, a 
retrospective report on childhood SED, were 
associated with greater amygdala response to 
angry faces, after controlling for adult SES 
(Gianaros et al. 2008). Adult SES did not predict 
amygdala response. Lower social status in child-
hood may be associated with more negative 

social interactions such as family conflicts and 
neighborhood adversity which may lead to 
greater amygdala sensitivity to angry faces. 
Childhood SED has also been prospectively 
associated with neural functions for emotion 
reactivity and regulation in adulthood. In one 
study, 49 young adults were asked to regulate 
negative emotions in response to negative images 
using cognitive strategies (Kim et al. 2013). 
Family income at age 9 significantly predicted 
reduced dorsolateral prefrontal cortex and ven-
trolateral prefrontal cortex activation during emo-
tion regulation. These results were independent of 
concurrent adult income. Family income at age 
9 years was also positively associated with amyg-
dala activation during emotion regulation, which 
may suggest inefficient suppression of the amyg-
dala for emotion regulation by dorsolateral pre-
frontal cortex and ventrolateral prefrontal cortex. 
Moreover, chronic exposure to stress such as fam-
ily conflicts, violence, and substandard housing 
quality mediated the links between family income 
at age 9 and ventrolateral prefrontal cortex and 
dorsolateral prefrontal cortex activations.

Effects of childhood SED on brain functions 
for emotion regulation in a social context were 
also examined in adults. In young adults, low 
childhood SES, retrospectively reported, was 
associated with greater distress and reduced right 
ventrolateral prefrontal cortex activation in 
response to social exclusion (Yanagisawa et al. 
2013). In another study with young adults, low 
neighborhood quality at age 13 was associated 
with greater activations in dorsomedial prefrontal 
cortex, superior frontal gyrus, and dorsal anterior 
cingulate cortex during social rejection (Gonzalez 
et al. 2014). These increased neural activations 
among individuals from SED backgrounds 
 suggest a need for greater recruitment of these 
brain regions in order to regulate emotions during 
social rejection.

Individuals exposed to childhood SED showed 
neural markers of greater reactivity to negative 
information and difficulties in regulating emotional 
distress. They also showed neural indicators for 
difficulties processing positive information. In a 
study of African American young adults, individu-
als were divided into low- and high-SES groups 
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based on both their childhood and current SES 
(Silverman et al. 2009). Low SES was associated 
with reduced brain responses to positive pictures 
(compared to neutral pictures) in insula, anterior 
cingulate cortex, and caudate compared to high 
SES. Such reduced neural responses to positive 
stimuli can be risk factors for depression (Epstein 
et al. 2006). Childhood exposure to SED was also 
associated with abnormal neural responses to social 
support. Low neighborhood quality at age 13 was 
associated with increased orbitofrontal cortex 
and insula activation to threats while holding a 
close friend’s hand (Coan et al. 2013), indicating 
that individuals with early SED experience did 
not benefit from social support when coping with 
stress and threats.

6.3  Physiological Systems

The long-lasting effects of childhood SED on the 
physiological stress systems have been shown in 
several studies. In the sympathetic nervous sys-
tem function, low paternal education in child-
hood was associated with greater blood pressure 
reactivity to stress (Williams et al. 2008). Low 
childhood SES was associated with elevated 
blood pressure reactivity to stress in men but not 
in women (Taylor et al. 2004b), suggesting the 
link may be stronger in men. When adolescents 
experienced both low parental education and low 
neighborhood SES, SED exposure was also asso-
ciated with greater reactivity among African 
Americans as compared to their white counter-
parts (Wilson et al. 2000). Finally, low SES in 
childhood is also associated with elevated resting 
blood pressure in adulthood (Hardy et al. 2003; 
Lehman et al. 2009). Using data from a nation-
ally representative US longitudinal study, mid-
dle-aged adults who were from lower-income 
families measured during pregnancy through age 
2 years had higher incidence of hypertension 
(Ziol-Guest et al. 2012) independently of concur-
rent income at middle age. Another important 
contribution of this study is the authors also had 
income data for ages 3–5 years and between 6 
and 15 years. Only the earliest childhood period 
of poverty exposure made a difference for mid-

dle-aged hypertension. Both Hardy et al. (2003) 
and Lehman et al. (2009) also showed that 
increases in adult blood pressure with aging 
occurred faster among those who grew up in low 
SES households. In an unusual multigenerational 
study, adolescents whose parents grew up in a 
low SES household revealed a pattern of greater 
elevations in resting blood pressure over a period 
of one and a half years (Schreier and Chen 2010). 
Note that SED was measured in terms of their 
grandparents’ SES levels. Thus, not only is rest-
ing blood pressure in adults and adolescents ele-
vated by early experiences of SED, but blood 
pressure rises faster as individuals from low SES 
backgrounds age. This is a potentially critical 
finding in thinking about health development and 
policies to mitigate the effects of childhood 
poverty.

Childhood SED also influences hypothalamus-
pituitary-adrenal axis regulation in later life. 
Middle-aged men and women exhibited greater 
awakening cortisol levels when exposed to low 
SES in adolescence, independent from their adult-
hood SES (Gustafsson et al. 2010a). Among young 
adults, low childhood SES was associated with 
elevated baseline cortisol as well as greater reac-
tivity to stress (Taylor et al. 2004a). One study sug-
gests gender differences in the impact of timing 
and duration of SED exposure. In middle-aged 
women, continuous exposure to low SES from 
childhood to adulthood was associated with ele-
vated cortisol, whereas in middle-aged men, low 
childhood SES was associated with elevated corti-
sol independent of adulthood SES (Li et al. 2007). 
The role of childhood SED has also been revealed 
in the exploration of genetic mechanisms of 
the  hypothalamus-pituitary-adrenal axis. Lower 
parental occupational status between ages 0 and 5 
was associated with downregulation of genes 
involved in glucocorticoid receptor expressions, 
which was further associated with higher levels of 
salivary cortisol in adults aged 25–40 (Miller & 
Chen 2007b; Miller et al. 2009b).

Inflammatory responses and immune func-
tion in later life are influenced by childhood 
SED exposure. In a large UK sample, control-
ling for adult SES, low SES at birth was associ-
ated with multiple markers of inflammation 

P. Kim et al.



479

over-reactivity – fibrinogen, C-reactive protein, 
von Willebrand factor antigen, and a tissue plas-
minogen activator antigen (Tabassum et al. 
2008). Similarly, in a large US sample, retro-
spectively reported low childhood SES was 
associated with multiple markers of inflamma-
tion over-reactivity – C-reactive protein, fibrin-
ogen, white blood cell count, and von Willebrand 
factor – when adulthood SES was controlled for 
(Pollitt et al. 2007). Additional studies have 
identified significant associations between 
childhood SED, assessed by low parental edu-
cational attainment, and inflammation markers 
in adults (Brunner et al. 1996; Taylor et al. 
2006). Similar to the hypothalamus-pituitary-
adrenal axis, investigations of genetic mecha-
nisms revealed that childhood SED predicted 
increased activity of genes regulated by the pro-
inflammatory transcription factor, nuclear factor 
kappa-B, and increased activity of the transcrip-
tion factor cyclic AMP-binding protein in adults 
(Miller et al. 2009). The upregulation of such 
genetic activity markers likely play a role in the 
links between childhood SED exposure and 
inflammation. Childhood poverty from the pre-
natal period to the second year of life signifi-
cantly predicts rates of immune-mediated 
chronic diseases in adulthood including arthritis 
and hypertension, which are associated with 
reduced productivity at work (Ziol-Guest et al. 
2012).

Similar to physiological systems, childhood 
SED is associated with adulthood metabolic pro-
cesses. Controlling for SES in adulthood, low 
childhood SES was linked to higher BMI, 
(Laaksonen et al. 2004; Langenberg et al. 2003; 
Moore et al. 1962; Poulton et al. 2002; Power 
et al. 2005; Power et al. 2003), and low parental 
occupational status in childhood predicted lower 
high-density lipoprotein (HDL) levels (Brunner 
et al. 1999; Wanamethee et al. 1996). The asso-
ciations between childhood SED and metabolic 
processes seem to be stronger in women than in 
men. Low SES at age 15 years was related to the 
development of obesity in women, but not men, 
from age 16–21 years (Lee et al. 2008). 
Additionally, low SES at age 4 years predicted 
metabolic syndrome as well as low levels of HDL 

and high body fat in women, but not men 
(Langenberg et al. 2006).

Given the impact of childhood SED across 
physiological systems, it is not surprising that 
childhood SED is associated with allostatic load, 
the cumulative index of dysregulation in multiple 
physiological stress systems, in later life. Indeed, 
studies suggest the long-lasting effects of child-
hood SED on allostatic load in adulthood 
(Gruenewald et al. 2012). This does not mean 
that childhood SED is independent of adulthood 
SED. Cumulative exposure to SED throughout 
childhood and adulthood appears to be the most 
significant predictor of adult allostatic load. For 
example, growing up in poverty was associated 
with greater allostatic load at age 60 (Singer and 
Ryff 1999). However, when both childhood and 
adulthood incomes were examined, the greatest 
risk for high allostatic load was related to the 
combination of childhood and adulthood poverty. 
The next highest risk was for individuals who did 
not grow up in poverty, but fell into poverty in 
adulthood. Adults who were never poor or who 
were poor in childhood but moved out of poverty 
as they aged showed the least elevated allostatic 
load. Another study points to the cumulative 
effects of SED across the lifespan. At age 42, indi-
viduals who were consistently exposed to low SES 
across ages 16, 21, 30, and 42 had the highest level 
of allostatic load compared to individuals who 
were exposed to low SES at one or more time 
points in life (Gustafsson et al. 2010b).

7  Links to the Life Course 
Health Development 
Principles

Some of what we are learning about how SED gets 
into human brain and biology is related to the 
seven life course health development principles 
presented by Halfon and Forrest (2017) and dis-
cussed in many other chapters of this handbook. 
Converging evidence from numerous studies on 
SED and neurobiological systems demonstrates 
that SED continuously influences the brain and 
physiological systems throughout the lifespan. 
Elder and others suggest that childhood is for 
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developing and acquiring capacities and skills, 
while older adulthood is for managing losses 
(Baltes 1987; Elder 1998; Elder et al. 2003). We 
see from the evidence reviewed in this chapter that 
SED can disrupt or delay neurobiological develop-
ment that underlies optimal cognitive and emo-
tional functioning during childhood. In older 
adulthood, SED can accelerate the loss of neuro-
biological functions, which is in turn associated 
with memory loss and physical illness.

Neurobiological responses to SED exposure 
may support processes of adaptation and 
increased chances of survival from an evolu-
tionary perspective (Gluckman and Hanson 
2004; Worthman and Kuzara 2005). Increased 
amygdala or cardiovascular reactivity to nega-
tive environmental cues may help SED indi-
viduals more effectively detect threats in the 
environment. From a perspective such as the 
active calibration model (Ellis and Del Giudice 
2014), the neurobiological changes due to SED 
reflect processes to prioritize adaptation to a 
threatening environment, thereby enabling 
individuals to maximize their chances of 
survival.

However, as reviewed above, such neurobi-
ological changes are associated with worse 
long-term health consequences such as anxiety 
disorders and cardiovascular diseases, in part 
through elevated allostatic load. This trade-off 
in short-term survival strategies and long-term 
well-being may be related to the principle that 
optimal health development should enhance 
thriving and protect against diseases in indi-
viduals. Evidence presented in this chapter 
robustly shows that SED can undermine neuro-
biological development through the allostatic 
load; thus, individuals exposed to SED may be 
more likely to die early and develop illnesses 
across the lifespan.

Two of the life course health development 
principles merit particular attention with respect 
to the question of how SED influences health tra-
jectories: (1) health development is highly sensi-
tive to the timing and social structure of 
environmental exposures, and (2) health devel-
opment is a complex, nonlinear process that 

results from person-environment interactions 
that are multidimensional, multidirectional, and 
multilevel.

7.1  Timing Versus Duration of SED 
Exposure on Neurobiological 
Systems

Different models have been used to explain how 
SED exerts its influence. The first model focuses 
on the timing of SED exposure. In this model, 
early exposure to SED causes stable and long-
lasting adaptive changes in neurobiological sys-
tems that have inimical long-term effects. The 
second model focuses on the duration of SED 
exposure, with longer exposure generating the 
greatest impact on neurobiological systems. 
Empirical findings suggest that the two views are 
not mutually exclusive and both mechanisms 
may be operative. Early exposure to SED may 
have a long-lasting impact, but continuous expo-
sure may further increase the gap between health 
development trajectories. Additionally, different 
neurobiological systems may be more influenced 
by one of the two models. Here, we review the 
two models and discuss how different neurobio-
logical systems may be affected by SED.

The biological embedding model (Finch & 
Crimmins 2004; Hertzman 1999) highlights the 
role of timing of exposure to risks like 
SED. Critical and sensitive periods are key ideas 
in this model, meaning that the brain or some 
other physiological system has a period when it is 
particularly vulnerable to certain experiences or 
it requires certain experiences for normal devel-
opment (Coe & Lubach 2005; Levine 2005; 
Newport et al. 2002). During a critical or sensi-
tive period, certain experiences will produce 
adaptive responses that confer some short-term 
advantage to the individual but leave long-lasting 
negative influences on health developmental tra-
jectories. In the case of SED, this model suggests 
that early exposure to SED may lead to epigene-
tic changes that alter the development of the brain 
and physiological systems in ways that increase 
vulnerability to disease across the lifespan. Some 
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argue that the biological embedding model is too 
deterministic because it implies an individual is 
programmed to exhibit predicted outcomes when 
exposed to SED. While the biological embedding 
model is important for understanding different 
health developmental trajectories due to SED 
exposure, it is important to acknowledge consid-
erable interindividual variation. This led some to 
suggest the term biological conditioning or prim-
ing might be more appropriate because it allows 
room for plasticity that may be influenced by 
future environments (Hanson and Gluckman 
2014).

One example of the biological embedding 
model is the fetal origins theory (Barker 1990). 
During the critical prenatal period, a pregnant 
woman’s exposure to extreme physical or psy-
chological stress such as malnutrition or wartime 
conditions can lead to long-lasting changes in the 
development of her child’s brain as well as the 
hypothalamus-pituitary-adrenal and sympathetic 
nervous systems. The changes affected by prena-
tal events can increase risks in offspring for phys-
ical illnesses like diabetes and cardiovascular 
disease or psychological illnesses like schizo-
phrenia across the lifespan.

Another example of the biological embedding 
model is epigenetic changes due to early adver-
sity. Animal studies demonstrate that through 
methylation of DNA or remodeling of the chro-
matin structure, early adversity such as low qual-
ity maternal care can increase expression of the 
glucocorticoid receptor gene in hippocampal tis-
sue. Such upregulation of the hypothalamus-
pituitary-adrenal axis and glucocorticoid levels 
in the brain then leads to long-term changes in 
other regions of the brain and in physiological 
systems (Szyf et al. 2008; Weaver et al. 2004). 
Animal studies suggest the critical period for 
early adversity in rodents is the first 8 days, 
which is equivalent to the first weeks of life in 
humans. Miller, Chen, and colleagues also have 
identified associations between early exposure to 
SED and signaling in leukocyte transcriptome 
that appear to persist into adulthood (Miller et al. 
2009).

The human brain has sensitive periods that 
differ by region. The brain and biological pro-

cesses are most plastic in the first few years of 
life (Lupien et al. 2009). During early childhood, 
the amygdala and hippocampus develop quickly 
and are therefore more vulnerable to stress. On 
the other hand, the prefrontal cortex develops 
gradually over the course of the entire childhood 
and young adulthood. Early normative changes 
include an increase in structure through neuro-
genesis (increase in number of neurons) and syn-
aptogenesis (increase in dendritic spines of 
neurons). To promote effective communication 
within the brain, neurons and connections 
strengthen through myelination and other mech-
anisms when they are used and die if unused 
(Alexander-Bloch et al. 2013). Brain regions are 
thought to preserve plasticity in adulthood, but 
changes are more likely driven by gliogenesis 
(increase in number of glia, nonneuronal cells for 
supporting neurons) and vascular alterations rather 
than neurogenesis. Changes based on neurogene-
sis and synaptogenesis are longer lasting com-
pared to changes driven by gliogenesis and other 
mechanisms. This explains how childhood SED 
exposure may have more significant and enduring 
impacts on the brain than adulthood SED expo-
sure. While the prefrontal cortex and hippocampus 
seem to preserve plasticity into adulthood and may 
be able to recover from or reverse the impacts of 
SED, this does not appear to be true for the amyg-
dala (Tottenham et al. 2010).

A biological embedding model also exists for 
development of the hypothalamus-pituitary-adre-
nal axis. SED exposure, indicated by a lack of 
family home ownership, in early childhood was 
associated with reduced levels of  glucocorticoid 
receptor RNA in adolescence (Miller and Chen 
2007a). When the timing of exposure was further 
examined, lack of home ownership before age 2 
was a stronger predictor than between ages 5 and 
9, while home ownership after age 10 had no 
effects on the outcome. The study demonstrates 
the role of childhood SED, especially early expo-
sure, in the development of the hypothalamus-
pituitary-adrenal axis regulatory system. Another 
study supports an embedding model for the 
immune system (Miller et al. 2011). When 
exposed to the cold virus, adults who were with-
out home ownership from ages 0 to 9 were more 
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likely to develop a cold for the next 5-day period 
(Cohen et al. 2004). Furthermore, there was a 
gradient relationship between the age when the 
parents first owned a home during the first 9 years 
and the likelihood of developing a cold (Cohen 
et al. 2004).

The biggest limitation of the biological 
embedding model is that it does not take later 
experience into account, which is not consistent 
with life course health development principles 
that posit continuous person⇔environment inter-
actions across the life course. It is possible that 
early adversity leads to modifications in an indi-
vidual’s later environment and behavior, which 
may further increase the risk for disease.

A second model focuses on the duration and 
accumulation of SED exposure. According to this 
model, early adversity can cause “chains of risks” 
(Kuh and Ben-Shlomo 2004), as individuals and 
their environments continuously and dynami-
cally influence one another. For example, chil-
dren living in poverty are more likely to be 
exposed to chronic stressors like family conflicts 
and harsh parenting, which may lead them to be 
more helpless. Less proactive cognitive and 
behavioral styles give rise to low academic per-
formance and poor social skills, which then low-
ers the individual’s probability of finding and 
maintaining a good job. As a result, a person is 
likely to live in poverty as an adult and experi-
ence a range of individual and neighborhood 
deprivation and negative health outcomes. This is 
the idea that adversity begets negative health 
development, which begets more adversity. In 
addition, longer exposure to SED may contribute 
to an accumulation of chronic stress and lead to 
more severe damage in neurobiological systems. 
Indeed, in an earlier section, we explained that 
allostatic load is affected by SED in an additive 
fashion. The longer individuals were exposed to 
low SES, the higher their allostatic load. In addi-
tion, cumulative disadvantage is a powerful pre-
dictor of many biological markers of mortality 
and morbidity (Ackerman et al. 1975; Ader et al. 
1960; Cameron et al. 2005; Chida et al. 2007; 
Fenoglio et al. 2006; Kruschinski et al. 2008; 
Lyons et al. 2009).

Both embedding and accumulative models 
play a role in predicting health outcomes in SED-

exposed individuals. This is true for physiologi-
cal systems. For example, among women at age 
60, the associations among childhood and adult-
hood SED and metabolic processing including 
insulin resistance, HDL, and triglycerides were 
examined. Parental occupation status in child-
hood was a stronger predictor of metabolic pro-
cessing than own occupational status in adulthood 
(Lawlor et al. 2002). However, women who were 
chronically exposed to low occupational status 
throughout childhood and adulthood exhibited 
the worst profile, including a 234% likelihood of 
being obese compared to women who were never 
exposed to low occupational status. The results 
suggest that childhood SED can be embedded in 
a physiological system to set the developmental 
trajectory, but accumulative processes may com-
pound these earlier, poorer trajectories leading to 
worse outcomes throughout the lifespan.

The biggest challenge to understanding 
exact mechanisms of SED exposure (the 
embedding versus accumulative model) is that 
an individual tends to be exposed to poverty 
early and continuously. Thus, it may be most 
productive to consider a life course health 
development model, which examines the rela-
tional dynamic person⇔environment interac-
tions, the timing and social patterning of 
exposures, and evolutionarily determined 
adaptive plastic responses that unfold during 
development. It is also difficult to tease apart 
the role of early exposure versus later exposure 
to SED because many studies are cross-sec-
tional or measure early exposure to SED retro-
spectively. Thus, more longitudinal studies are 
needed to understand how health development 
is produced over time. Also, intervention stud-
ies such as cash transfers to families to improve 
SED provide opportunities to establish causal 
and temporal relations between SED and health 
outcomes.

7.2  Multilevel Neurobiology-
Environment Interactions

Interactions between SED and neurobiological 
systems are highly complex not only because of 
the multilevel nature of neurobiological systems 
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but also because SED is further associated with 
multilevel environmental factors (Sameroff 
2010). SED is a major risk factor for a host of 
adverse outcomes because it serves as a proxy for 
many risk factors that result in psychological and 
physical illnesses (Chen et al. 2002; Evans and 
Kim 2010; Repetti et al. 2002). Understanding 
interactions between multilevel and multidimen-
sional neurobiological and environmental sys-
tems is critical for developing effective clinical 
and community-level interventions to reduce the 
adverse impact of SED exposure on health.

First, many psychosocial factors have been 
suggested as mediators. In childhood, threat 
appraisal and family environment are well-known 
mediators for the links between SED and physi-
cal and psychological outcomes (Repetti et al. 
2002). Retrospectively reported elements of the 
early family environment such as abusive and 
harsh parenting were associated with direct rela-
tionships between amygdala and ventrolateral 
prefrontal cortex activations, which suggests 
ineffective suppression of ventrolateral prefron-
tal cortex on the amygdala (Taylor et al. 2006). 
Maltreatment and abuse in childhood were also 
associated with weaker default mode network 
connectivity and increased connectivity between 
the amygdala and medial prefrontal cortex (Philip 
et al. 2013). Lack of maternal warmth in early child-
hood and early adolescence was associated with 
less activation in the reward circuits such as the 
medial prefrontal cortex during loss and winning, 
which may indicate altered reward processing and 
more difficulties in handling disappointment 
(Morgan et al. 2014).

Second, cumulative risk factors including 
physical environment – noise, crowding, and 
substandard housing quality – have been identi-
fied as strong mediators between SED and neuro-
biological outcomes across the lifespan (Evans 
and Cassells 2014; Evans and Kim 2010; Kim 
et al. 2013; Zalewski et al. 2012). SED exposure 
is also associated with chaotic home environment 
and poor quality in social environments outside 
the home, such as school and neighborhood 
(Evans et al. in press; Roy et al. 2014; Schreier 
et al. 2014). Along with these risk factors, it is 
important to consider factors that protect from 

the negative effects of SED exposure in childhood. 
Supportive parenting and support from others 
and adaptive coping skills have been suggested as 
protective factors. For example, active coping 
skills like distraction were associated with better 
psychological outcomes than avoidance and dis-
engaging coping in children and adolescents 
(Wadsworth and Berger 2006; Wadsworth et al. 
in press).

Third, in adulthood, individuals who are 
exposed to SED are more likely to experience psy-
chological stress, discrimination, negative emo-
tions, and more limited resources such as social 
support (Cohen et al. 2006a, b; Kubzansky et al. 
1999; Kunz-Ebrecht et al. 2004; Marmot et al. 
1997). On the other hand, there are protective fac-
tors including optimism, mastery, self-esteem, and 
social support that can help to reduce the negative 
effects of SED exposure on the neurobiological 
systems (Kubzansky et al. 2001; Matthews et al. 
2010; Taylor et al. 2008).

Fourth, sleep quality, an example of a personal 
factor, may also play a significant role in the neu-
ral and physiological systems throughout the 
lifespan. Sleep disturbance appears to be more 
common among lower SES adults (Buckalt 2011) 
and children (Jarrin et al. 2014). Adults with low 
income or education levels had significantly 
shorter sleep duration (Whinnery et al. 2013) and 
poorer sleep quality and higher levels of daytime 
sleepiness compared to adults with mid- to high 
income or education levels (Jarrin et al. 2013). 
The association between poverty and sleep  quality 
was stronger in white adults than in African 
American adults (Patel et al. 2010). In children 
and adolescents, both low subjective social stand-
ing ratings and low objective SED indicators 
including family income and parental education 
were significantly associated with shorter sleep 
duration and poorer sleep quality (Jarrin et al. 
2014). Sleep duration and quality are a concern 
because they can significantly influence cognitive 
functions (Dewald et al. 2010; Steenari et al. 
2003; Walker 2008) and mood regulation (Dahl 
and Lewin 2002; Eidelman et al. 2012; Kahn 
et al. 2013) in children and adults. Poor sleep has 
also been associated with physiological stress 
dysregulation (Jarcho et al. 2013; Rao et al. 1996), 
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brain structure including the hippocampus 
(Riemann et al. 2007), and brain functions such as 
risk-taking behaviors in adolescence (Telzer et al. 
2013). Thus, examining the role of sleep in the 
associations between poverty and neurobiological 
stress regulation is an important future direction 
for health disparities research.

Furthermore, adding to the complexity of 
understanding how SED influences health devel-
opment, there are multiple levels of neurobio-
logical systems including genetic, neural, and 
physiological stress regulatory systems interact-
ing with each other. While few studies exist, they 
have identified the significant role of the hypo-
thalamus-pituitary-adrenal axis and immune pro-
cesses in the associations among SED and brain 
structure and functions. For example, higher cor-
tisol levels in children mediated the link between 
childhood SES and prefrontal cortex responses 
during cognitive tasks (Sheridan et al. 2012). 
Increased levels of inflammatory markers also 
mediated the associations between SED and 
white matter structure integrity in adulthood 
(Gianaros et al. 2013). Childhood poverty expo-
sure prospectively predicted weaker default mode 
network activity, which was associated with 
higher levels of cortisol in response to social 
stress (Sripada et al. 2014).

In addition, it is important to understand how 
genes and environment interact in the context of 
SED across lifespan. Many studies have identi-
fied certain genetic variations that may lead indi-
viduals to be more susceptible or vulnerable to 
environmental influences (Ellis et al. 2011). 
Individuals with such susceptible genetic profiles 
would likely exhibit greater influence from SED 
exposure compared to individuals with insuscep-
tible genetic profiles. Thus, the role of genetic 
profiles in neural and physiological system devel-
opment throughout the lifespan in the context of 
SED will be important for refined identification 
of at-risk individuals (Kim-Cohen et al. 2004). 
Understanding gene expression, which is known 
to be affected by person ⇔environment interac-
tions, will also be a fruitful avenue of future 
investigation.

Last, it is important to pursue understanding of 
the ways in which these multilevel, multidimen-

sional interactions between the environment and 
neurobiology are linked to specific health develop-
ment outcomes, in order to develop effective inter-
vention approaches. Few studies have directly 
tested the mediating role of neurobiological 
systems in the relations between SED and health 
development, largely due to limitations in sample 
size. Testing mediation requires a large sample 
size for appropriate statistical power. Cumulative 
measures of physiological systems such as allo-
static load are also useful in building a comprehen-
sive understanding of the effects of SED exposure. 
While the research has been limited, studies that 
have included a large number of biological mark-
ers have provided evidence for allostatic load as a 
mediator for the links between SED and health 
outcomes (Seeman et al. 2004). More research 
involving large sets of biological markers is needed 
and will require population-based studies and col-
laboration across fields.

Population-based studies are also important 
for statistical power in testing interactions among 
individual differences such as gender and race/
ethnicity. Differences across individuals are 
likely to be associated with different outcomes 
and vulnerabilities to SED exposure. For exam-
ple, some evidence suggests that SED exposure 
has a greater impact on allostatic load in African 
American compared to white adults (Geronimus 
et al. 2006), while others did not find racial dif-
ferences in the associations between SED expo-
sure and allostatic load (Seeman et al. 2008).

8  Suggestions for Policy 
and Interventions

This discussion leads to the final part of the chap-
ter on interventions. A greater benefit-cost ratio 
has been revealed for early intervention (Shonkoff 
et al. 2009; Heckman 2006). Evidence of the 
long-lasting effects of early experience also 
emphasizes the importance of early interventions. 
Future studies including those we suggested 
above may help to more clearly identify critical 
periods when investment would produce the big-
gest effects and long-term returns (Blair and 
Raver 2014; Shonkoff 2010).
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There are several ways to intervene. The first is 
to directly intervene with SED, particularly family 
income. Cash transfer or income increases for a 
child’s parents early in childhood have been shown 
to improve the physiological stress regulation 
function as well as cognitive outcomes (Duncan 
et al. 2011; Fernald et al. 2008). Other ways to 
intervene would be to target the mediators we dis-
cussed above. Interventions for parenting skills, 
parental psychopathology, health-care quality, as 
well as a child’s cognitive functions have been 
shown to improve child health outcomes including 
cognitive and psychological functions and inflam-
matory regulation (Beeber et al. 2008; Miller et al. 
2014; Olds et al. 1997). Third, interventions on 
protective factors such as coping have also been 
shown to improve physical and health outcomes in 
SED children and adults (Wadsworth et al. 2011).

Lastly, given the importance of parents in 
directly modifying home environments for chil-
dren, a two-generation approach has received 
increasing attention (Kim and Watamura 2015). 
When both parents received a parenting interven-
tion at the same time that children received atten-
tion training, children’s attentional control and 
brain functions improved more than when only 
children received the intervention (Neville et al. 
2013). In particular, pregnancy and the first years 
of a child’s life can be an optimal time for the 
two-generation approach to intervention. Not 
only is this the period when a child’s brain and 
body are most rapidly developing, it is also a 
period when a parent’s brain undergoes plastic 
changes to support the parental role (Kim and 
Bianco 2014; Swain et al. 2014). For example, 
during the first few months of the postpartum 
period, both new mothers and fathers exhibit 
structural growth in brain regions including the 
striatum and prefrontal cortex that support warm 
and supportive parenting behaviors (Kim et al. 
2010b; Kim et al. 2014). Sensitive neural activa-
tions, particularly for one’s own baby, have also 
been consistently identified among new mothers 
and fathers during these same periods, when par-
ents and infants establish long-lasting emotional 
relationships (Barrett and Fleming 2011; Mascaro 
et al. 2013; Musser et al. 2012). At the same time, 
parents in poverty are far more vulnerable to 

development of postpartum depression (Boury 
et al. 2004; U.S. Department of Health and 
Human Services 2002; Walker et al. 2002), and it 
is possible that as the result of depression and the 
stress of living in poverty, they are also more 
likely to exhibit abusive or harsh parenting 
(Sedlak and Broadhurst 1996; Widom and 
Nikulina 2012). Parents who received poor qual-
ity of parental care in their own childhood or 
experienced chronic stress such as poverty are 
also more likely to show reduced biological and 
behavioral sensitivity to their own children 
(Champagne et al. 2003; Kim et al. 2015; Kim 
et al. 2010a) and to repeat harsh parenting 
(Belsky et al. 2005; Van Ijzendoorn 1992). Thus, 
interventions that pay more attention to the well-
being of parents with SED backgrounds may ulti-
mately promote optimal development of the next 
generations and reduce the intergenerational 
transmission of SED and harsh environments.
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