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Abstract

Childhood poverty is linked to a host of physical and psychological disorders during childhood and later in life. In the study
reported here, we showed that the proportion of childhood spent in poverty from birth to age 9 was linked to elevated
allostatic load, a marker of chronic physiological stress, in |7-year-olds. Furthermore, this prospective longitudinal relationship
was mediated by cumulative risk exposure at age 13.The greater the duration of early life spent in poverty, the greater the
exposure to cumulative risk. This, in turn, leads to elevated allostatic load. Multiple psychological, biological, and neurological
pathways likely account for the social patterning of psychological and physical disease.
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Early childhood poverty appears to set individuals on trajecto-
ries of physical (Adler & Rehkopf, 2008; Shonkoff, Boyce,
& McEwen, 2009) and psychological disorder (Bradley &
Corwyn, 2002; Grant et al., 2003). In the study reported here,
we examined whether poverty from birth to age 9 predicted
elevated allostatic load, a marker of chronic physiological
stress, in 17-year-olds. Finding that it did, we then tested
whether this poverty-related allostatic load was mediated by
elevated cumulative risk exposure at age 13.

Poverty, Cumulative Risk, and Chronic
Stress

Economic deprivation is linked to increased childhood mor-
bidity (Chen, Matthews, & Boyce, 2002) and to elevated mor-
bidity and mortality in adulthood (Cohen, Janicki-Deverts,
Chen, & Matthews, 2010; Shonkoff et al., 2009). Associations
between early-life socioeconomic status (SES) and adult
health hold even after factoring in upward mobility during the
life course. Health inequalities may be due in part to elevated
stress in low-SES children (Matthews & Gallo, 2010; Shonkoff
et al., 2009). Low-SES relative to middle-SES children mani-
fest higher blood pressure (Chen et al., 2002) and elevated
neuroendocrine stress hormones (Cohen et al., 2010).
Allostatic load is a prominent marker of chronic physiolog-
ical stress. It reflects dysregulation across multiple physiologi-
cal systems mobilized in response to enduring environmental

demands (Ganzel, Morris, & Wethington, 2010; McEwen &
Gianaros, 2011). When these mobilizations are prolonged over
time, set points are altered such that basal levels become reca-
librated. The elasticity of the system also changes, responding
to challenges less robustly and recovering less efficiently
(McEwen & Gianaros, 2011; Seeman, Epel, Gruenewald,
Karlamangla, & McEwen, 2010). Lower-SES children (Worth-
man & Panter-Brick, 2008), adolescents (Evans & Schamberg,
2009) and adults (Seeman et al., 2008) have the highest levels
of allostatic load.

Relations between childhood poverty and allostatic load may
be mediated by cumulative risk exposure. Low-income children
are exposed to greater cumulative risks than are middle-income
children (Evans, 2004; Evans & English, 2002), and children
exposed to higher cumulative risk manifest elevated allostatic
load (Evans, 2003; Evans, Kim, Ting, Tesser, & Shanis, 2007).

Current Study

In the current study, we used a prospective longitudinal design
to examine whether childhood deprivation was related to ele-
vated allostatic load in young adulthood. We then tested
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whether childhood cumulative risk exposure can account for
some of the ill effects of childhood poverty on subsequent
allostatic load. Finally, we explored the developmental timing
of poverty, risk exposure, and allostatic load. The effects of
childhood risks associated with deprivation may become
embedded in the organism early on and alter lifetime health
trajectories. Alternatively, SES-related risks may continue to
accumulate over the life course to affect adult health (Cohen
et al., 2010; Shonkoff et al., 2009).

Method
Participants

The participants for this study were part of a longitudinal study
of rural poverty and child development (Evans, 2003). The
original sample (mean age = 9.18 years) was recruited in rural
counties in upstate New York using records from public
schools, the Cooperative Extension System of the U.S. Depart-
ment of Agriculture, the federal Head Start program, subsi-
dized housing, and other antipoverty programs. In this sample,
50% of the participants came from families that were at or
below an income-to-needs ratio of 1, which is the U.S. federal
poverty line. The income-to-needs ratio is an annually adjusted
per-capita index. The other half of the sample at recruitment
came from families with income-to-needs ratios two to four
times the poverty line, which represents the level of most
American families. Additional data were collected when sub-
jects reached mean ages of 13.36 years (Wave 2) and 17.47
years (Wave 3). The final sample analyzed in the present study
consisted of 173 participants (mean age = 17.40 years; 51%
male, 49% female) out of 224 at Wave 3 who had complete
information on poverty, allostatic load, and cumulative risk
exposure.

Procedure

All data were collected in participants’ homes by a pair of
experimenters working independently with each participant
and his or her mother. Only one child per household was
tested. Each family’s income-to-needs ratio was assessed at
each wave of data collection. For each 6-month period of the
participant’s life, we also collected information on household
composition and adult household members (job title, hours
worked per week, and level of education). These two data
sources were used to calculate the proportion of life from birth
to age 9 that the individual had lived at or below the poverty
line. We defined poverty in this manner because duration of
poverty appears particularly critical in childhood development
and because allostasis theory emphasizes that the duration of
chronic environmental demands plays a significant role
throughout the life course (McEwen & Gianaros, 2011).
Allostatic load was calculated to capture activity across a
range of physiological response systems, including the cardio-
vascular system, hypothalamic-pituitary-adrenocortical axis,

sympathetic medullary system, and metabolic system. To cal-
culate resting blood pressure, we used a Dinamap PRO 100
(Critikon, Tampa, FL) to take automated readings every 2 min
while subjects sat quietly. The mean of the second through sev-
enth readings was used as the index of basal blood pressure
(Kamarck et al., 1992). Urine was collected overnight, from 8
p.m. on the evening before the experimental protocol to 8 a.m.
the following morning. Epinephrine and norepinephrine were
assayed by high performance liquid chromatography with
electrochemical detection (Riggin & Kissinger, 1977), and cor-
tisol was measured with a radioimmune assay (Contreras,
Hane, & Tyrrell, 1986). Body mass index (BMI) was calcu-
lated as kg/m”. Allostatic load was calculated from 0 to 6 by
summing the number of physiological parameters (resting dia-
stolic and systolic blood pressure; overnight epinephrine, nor-
epinephrine, and cortisol; and BMI) for which the participant
scored above the median (0 = 1st to 50th percentile,1 = > 50th
percentile). This additive model of allostatic load predicts mor-
bidity and mortality end points better than singular components
of allostatic load do and comparably with other aggregate indi-
ces of multiple physiological-system activity (Karlamangla,
Singer, McEwen, Rowe, & Seeman, 2002; Seeman, McEwen,
Rowe, & Singer, 2001). Separate allostatic-load calculations
were made at Wave 1 (age 9) and Wave 3 (age 17).

Cumulative risk exposure was calculated at Wave 2 (age
13) by exposures to three physical risk factors (noise, crowd-
ing, housing problems) and three psychosocial risk factors
(family turmoil, separation from family, exposure to violence).
Noise was measured by a decibel meter over a 2-hr period in
the home. Crowding was defined as the ratio of occupants to
number of rooms in the home. Housing problems were
assessed by trained raters on a standardized scale that included
items regarding structural problems, poor maintenance, clean-
liness and clutter, physical hazards, and poor climatic condi-
tions (Evans, Wells, Chan, & Saltzman, 2000). Exposure to
social risks was determined by combining mother’s reports
on the Life Events and Circumstances Checklist (Work,
Cowen, Parker, & Wyman, 1990) and youth’s reports on the
Adolescent Perceived Events Scale (Compas, Connor-Smith,
Saltzman, Thomsen, & Wadsworth, 2001). An event was
counted a single time if it was reported by the youth, the
mother, or both. Multiple yes/no items assessed each social
risk factor. For each of the six individual risk factors, risk was
coded dichotomously. A score of 1 was given if the youth’s
exposure was in the upper quartile for the entire sample’s dis-
tribution of continuous-risk-factor exposure at Wave 2, and a
score of 0 was assigned for all lower levels of exposure.
Cumulative risk was then calculated from 0 to 6 by summing
the six singular risk factors.

Results

Table 1 provides descriptive statistics about the variables as
well as the zero-order correlations between them. The propor-
tion of life lived in poverty to age 9 was positively correlated
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Table I. Descriptive Statistics and Zero-Order Correlations Among Study Variables

Correlations

Variable | 2 3 4

|. Proportion of life lived in .38 (.48) — 20 200 A49Fk
poverty from birth to 9 years

2.Allostatic load at 17 years® 2.93 (1.47) — 26%F 25%k

3.Allostatic load at 9 years® 2.86 (1.58) — 19%

4. Cumulative risk at 13 years® 1.45 (1.35) —

Note: Standard deviations are given in parentheses.
*The possible range for these scores was 0 to 6 (see the text for details).

*p < .05.%p < .0l.

with allostatic load at age 9, as well as with allostatic load at
age 17. The putative mediator, cumulative risk exposure at age
13, was also significantly associated with duration of child-
hood poverty as well as with both indices of allostatic load.

The primary mediation test took advantage of the prospec-
tive longitudinal design of the data set by incorporating into
the model allostatic load at Wave 1, when the youths were
approximately 9 years of age. The prospective longitudinal
relationship between the proportion of life lived in poverty
from birth to age 9 and allostatic load at age 17 was significant
(b =0.482, SE = 0.223, p < .03). The elevation in allostatic
load between ages 9 and 17 was greater the longer children
lived in poverty from birth to age 9. The addition of cumula-
tive risk exposure at Wave 2 shrank the beta weight for pov-
erty 47% from 0.482 to 0.244 (SE = 0.253), which is no longer
significant (95% confidence interval =[0.042, 0.502]; Preacher
& Hayes, 2008). The significant prospective longitudinal rela-
tionship between childhood poverty and increased allostatic
load was mediated by cumulative risk exposure (Table 2).

We also replicated the mediation analysis without control-
ling for prior allostatic load at Wave 1. The prospective rela-
tionship between the proportion of life lived in poverty from

birth until Wave 1 (age 9) and allostatic load at Wave 3 (age
17) was significant (b = 0.535, SE = 0.214, p < .01), but the
relationship became nonsignificant when Wave 2 (age 13)
cumulative risk exposure was included in the model (b =
0.323, SE = 0.256).

Although our results suggest that childhood poverty leads
to elevated allostatic load later in life, and this appears to be
caused in part by increased risk exposure during childhood, an
alternative explanation is tenable. Perhaps childhood poverty
leads to continued elevations in cumulative risk exposure
throughout life, including during early adulthood. Thus, ele-
vated allostatic load at age 17 might reflect continued higher
levels of cumulative risk at age 17 rather than prior exposure
to elevated risks during childhood. To evaluate this alternative
explanation, we repeated the original prospective longitudinal
analysis (see Table 2), adding in a second mediator, cumula-
tive risk exposure at age 17, to see whether it incrementally
increased the predictive accuracy of the model beyond the pre-
dictive accuracy of age 13 cumulative risk exposure. It did not.
Moreover, cumulative risk exposure at age 13 remained a sig-
nificant mediator of the prospective longitudinal relationship
between childhood poverty and young adult allostatic load

Table 2. Results of the Prospective Longitudinal Mediation Analysis

Model and variable b B R? F
Model |
Allostatic load at 9 years 0.17 (0.07) 0.19%* .05 F(1,183) = 9.65%*+*
Proportion of life lived in 0.48 (0.22) 0.16* .07 F(2,182) = 7.26%+*
poverty from birth to
9 years
Model 2
Allostatic load at 9 years 0.20 (0.07) 0.227%* .07 F(l1,172) = 12.83%*
Cumulative risk exposure at 0.18 (0.09) 0.16* 1 F(2,171) = 10.5 I+
13 years
Proportion of life lived in 0.26 (0.25) 0.08 12 F(3,170) = 7.35%**

poverty from birth to
9 years

*Standard deviations are given in parentheses.
*p < .05.%p < .0].%p < .001.
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when cumulative risk at age 17 was added to the model. This
pattern of results lends support to the idea that exposure to
poverty early in life has a pervasive and long-term effect, set-
ting one on a trajectory for elevated allostatic load throughout
the life course, irrespective of subsequent risk exposure.

Discussion

Early life experiences of material deprivation are harmful for
children. Elevated chronic physiological stress may help
explain why childhood poverty is bad for human development.
The objective of the present study was to verify in a prospec-
tive longitudinal analysis the hypothesized link between child-
hood poverty and elevated allostatic load among young adults.
We also investigated whether the expected link between pov-
erty and allostatic load was mediated by cumulative risk expo-
sure during childhood. Finally, we explored the developmental
timing of childhood poverty, risk exposure, and allostatic load
as an index of chronic stress.

As indicated in Table 2, the greater the proportion of child-
hood from birth to age 9 spent below the poverty line, the
higher the increase in allostatic load at age 17. This result
appears to be robust, as it includes a prior index of allostatic
load at age 9 and replicates without the prior allostatic-load
term in the model. These results fit with prior work indicating
that low-SES children and youth (Evans & Schamberg, 2009;
Worthman & Panter-Brick, 2008) as well as adults (Seeman
et al., 2008) evidence heightened levels of allostatic load. The
data reported here are novel in three ways. First, they show that
childhood deprivation is related prospectively to elevated allo-
static load in emerging adults. Second, they reveal that cumula-
tive risk exposure in childhood accounts for some of the effects
of childhood poverty on allostatic load in young adulthood.
Finally, childhood poverty appears to have a pervasive and
long-lasting effect, and this produces elevated allostatic load in
young adults irrespective of their concurrent risk exposure.

The longer the duration of childhood spent living in pov-
erty, the greater the subsequent exposure to cumulative risks.
Lower-SES children are more likely to face psychosocial and
physical environmental risk factors than their more affluent
counterparts are (Evans, 2004). This elevated cumulative risk
exposure, in turn, appears to mediate the prospective relation-
ship between childhood poverty and elevated allostatic load in
emerging adults. These data fit with prior cross-sectional evi-
dence of elevated cumulative risk exposure among lower- rel-
ative to higher-SES children and youth (Evans & English,
2002) and with evidence suggesting that cumulative risk expo-
sure is positively correlated with allostatic load in children
(Evans, 2003; Evans et al., 2007). Here, we showed for the
first time that elevated cumulative risk exposure is a viable
explanatory mechanism linking childhood poverty to subse-
quent chronic stress as children emerge into adulthood.

Another contribution of the present study is to call atten-
tion to the potential role of chronic physiological stress
in understanding why childhood experiences of poverty
are inimical to health and well-being. Prior research on

explanatory mechanisms for poverty and SES, on the one
hand, and child development, on the other, has focused on
unresponsive and harsh parenting (Bradley & Corwyn, 2002;
Conger & Donnellan, 2007; Grant et al., 2003) as well as
diminished cognitive enrichment (Bradley & Corwyn, 2002;
Duncan & Brooks-Gunn, 1997; Hoff, Laursen, & Tardif,
2002). Elevated allostatic load, a marker of chronic physio-
logical stress, is a complementary physiological mechanism
that may also help explain how and why childhood disadvan-
tage is harmful to human development.

The primary limitation of our study is its observational
design. Although the results were derived from a prospective
longitudinal analysis, it is conceivable that some variable
other than childhood poverty drove the findings. We ran two
additional sets of analyses to examine the plausibility of this
alternative explanation. First, we added various personal char-
acteristics as covariates to the analyses. These characteristics
included maternal education, maternal mental health, maternal
stress, and single-parent status, as well as the participant’s
birth weight, gender, ethnicity, and temperament. We found
that adding these characteristics resulted in only marginal
reductions in explained variance. We also reversed the order of
terms in the mediation equation, examining whether allostatic
load mediated the link between poverty and cumulative risk
exposure—it did not. If one or more “third” variables were
responsible for the pattern of results, then reversing the order
of terms in the hierarchical regression equation would have
yielded the same pattern of data. Ideally, an experimental
intervention that altered exposures to cumulative risks could
be evaluated in terms of chronic stress outcomes in relation to
early experiences of poverty. Another valuable extension of
this study would be to examine coping resources in concert
with the environmental demands accompanying poverty. It is
likely that the ecological context of poverty reflects not only
higher levels of cumulative risk exposure but also diminished
coping resources (Compas et al., 2001; Matthews & Gallo,
2010; Wadsworth & Berger, 20006).

Psychological well-being, cognitive skills, and physical
morbidity all reveal a social gradient beginning in childhood
and persisting throughout the life course. Multiple psychologi-
cal, biological, and neurological pathways likely account for the
social patterning of psychological and physical disease. Psycho-
logical science has much to offer in unraveling how and why
lifelong socioemotional, cognitive, and health inequalities result
from early experiences of childhood deprivation.
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