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Abstract

Objective—To evaluate a possible physiological mechanism underlying links between low
childhood socioeconomic status (SES) and poor adult health by a) testing whether childhood SES
is prospectively related to cardiovascular responses to laboratory stress in adulthood, and b) by
determining whether psychological resources buffer cardiovascular reactivity and promote better
recovery from stress.

Methods—~Participants (n= 246; 55% Black; mean age= 32 years) were from a population-based
sample of men in Pittsburgh, PA. Childhood SES was measured via the Hollingshead index
(parental education and occupation) across 10 waves between the ages of 6 and 16. In adulthood,
cardiovascular measures, including systolic and diastolic blood pressure (SBP, DBP), heart rate
(HR), and high-frequency heart rate variability (HF-HRV), were taken during and following
standardized laboratory psychological stressors. Participants completed measures of optimism,
purpose in life, self-esteem, positive affect, and self-mastery, which were combined into a
psychological resource factor.

Results—Lower childhood SES predicted higher HR and SBP at recovery, independent of age,
race, BMI, current smoking, task demand, and current SES (HR: B = -.14, p=.04; SBP: § = -
14, p=.04). Psychological resources moderated the association between childhood SES and SBP
(B =.14, p=.03). Lower childhood SES predicted SBP recovery only among men with fewer
psychological resources.

Conclusions—~Psychological resources may buffer the relation between low childhood SES and
cardiovascular recovery from stress. This buffering may improve adult health to the extent that
cardiovascular recovery contributes to the risk of low childhood SES for subsequent disease.
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Exposure to low socioeconomic status (SES) in childhood predicts increased cardiovascular
morbidity and mortality decades later (reviewed in Cohen, Janicki-Deverts, Chen, &
Matthews, 2010; Galobardes, Lynch, & Smith, 2008; Galobardes, Lynch, & Davey Smith,
2004; Galobardes, Smith, & Lynch, 2006; Pollitt et al., 2007). A myriad of physical,
behavioral, and psychosocial pathways might explain why the socioeconomic environment
in early life has a prolonged and pronounced impact on health. One of the key biological
pathways underlying the link between childhood SES and adverse adult health is prolonged
or repeated activation of the autonomic nervous system in response to stress (Cohen et al.,
2010; Everson-Rose & Lewis, 2005). Exaggerated cardiovascular reactivity to psychological
stress and prolonged recovery from stress predicts subclinical cardiovascular disease,
morbidity, and mortality as summarized in several meta-analyses (Chida & Steptoe, 2010;
Panaite, Salomon, Jin, & Rottenberg, 2015). Decreases in heart rate variability (HRV) during
acute stress are also related to subclinical heart disease and prospective increases in blood
pressure (BP; Gianaros et al., 2005; Matthews, Salomon, Brady, & Allen, 2003; Steptoe &
Marmot, 2005).

The literature on childhood SES and cardiovascular reactivity to stress is mixed. Individuals
with lower early life SES exhibit greater cardiovascular reactivity to acute psychological
stressors in childhood and adolescence in some studies (Evans, Exner-Cortens, Kim, &
Bartholomew, 2013; Gump, Matthews, & Rdikkdnen, 1999; Quas et al., 2014; Williams et
al., 2008; Wilson, Kliewer, Plybon, & Sica, 2000), while others report null or inverse
associations (Goosby, Malone, Richardson, Cheadle, & Williams, 2015; Hackman,
Betancourt, Brodsky, Hurt, & Farah, 2012; Lovallo, Farag, Sorocco, Cohoon, & Vincent,
2012; Lovallo, 2013; McLaughlin et al., 2015; Musante et al., 2000). We are not aware of
any studies examining cardiovascular recovery from stress in association with childhood
SES. In adulthood, SES has been linked with exaggerated cardiovascular reactivity and
prolonged recovery (i.e., elevated BP and heart rate (HR) following stressor cessation or
increased duration in returning to baseline BP and HR) (Everson et al., 2001; Merritt,
Bennett, Williams, Sollers, John J, & Thayer, 2004; Steptoe & Marmot, 2006; Steptoe,
Kunz-Ebrecht, et al., 2003), although there are inconsistencies in the adult literature as well
(cf., Shaffer et al., 2012; Suchday, Krantz, & Gottdiener, 2005). Few studies have tracked
whether cardiovascular responses to stress in adulthood vary as a function of the early
socioeconomic environment (cf., Lynch et al., 1998). In the current study, we addressed
these gaps in the literature by examining associations between childhood SES measured via
repeated, prospective assessments, and cardiovascular reactivity and recovery to laboratory
stress in adulthood.

An important consideration for policy and clinical implications in the literature on childhood
SES and health is that of developmental timing. Hypotheses about health effects related to
the timing and duration of SES in early life can be drawn from several conceptual models
(reviewed in Cohen et al., 2010). For example, specific health outcomes may follow
different sensitive periods throughout childhood and adolescence, and therefore, changes in
SES at different time points may or may not alleviate health risks. However, many studies
only utilize a single aggregated assessment of childhood SES, which precludes hypothesis
testing across developmental periods. In the current study, SES was measured prospectively
and annually over a decade of childhood and adolescence. We are therefore in a unique

Health Psychol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boylan et al.

Page 3

position to compare associations between childhood SES at several developmental periods
with cardiovascular responses to stress in adulthood. Such evidence will help identify ages
or developmental periods that are most sensitive regarding the cardiovascular implications of
SES in early life.

Identifying factors that mitigate associations between low SES and poor health is a top
public health priority, and psychological resources may function as such a mitigating factor
(Gallo & Matthews, 2003). Psychological resources, such as purpose in life, self-esteem,
optimism, and positive affect, are associated with salubrious health outcomes, including
lower rates of disease and increased longevity as well as more favorable profiles of
biological risk factors (Boehm & Kubzansky, 2012; Boylan & Ryff, 2015; Chida & Steptoe,
2008; Kim, Park, Sun, Smith, & Peterson, 2014; Kim, Strecher, & Ryff, 2014; Kim, Sun,
Park, Kubzansky, & Peterson, 2012; Kim, Sun, Park, & Peterson, 2013; Pressman & Cohen,
2005). Self-rated health among low SES individuals with a high sense of control,
specifically personal mastery, was comparable to the self-rated health of high income
individuals, i.e. psychological resources mitigated the influence of low SES (Lachman &
Weaver, 1998). Sense of control also predicted lower mortality risk for those with low, but
not high, educational attainment (Turiano, Chapman, Agrigoroaei, Infurna, & Lachman,
2014). Morozink and colleagues (2010) further demonstrated that several dimensions of
psychological well-being, including purpose in life, environmental mastery, and positive
affect, predicted lower inflammatory cytokine interleukin-6 among those with less
education. Furthermore, educational gradients in IL-6 were absent among individuals with
high well-being. Less is known about associations between psychological resources and
cardiovascular responses to stress, although available evidence supports reduced
cardiovascular reactivity and enhanced recovery as a function of positive emotions and other
psychological strengths (Brummett, Boyle, Kuhn, Siegler, & Williams, 2009; Fredrickson &
Levenson, 1998; Fredrickson, Mancuso, Branigan, & Tugade, 2000; Ong & Allaire, 2005;
Papousek et al., 2010; Steptoe, Gibson, Hamer, & Wardle, 2007).

Current Study

Bringing the above literatures together, the current study had two aims. First, we examined
associations between childhood SES and both cardiovascular reactivity and recovery to
stress in adulthood. We hypothesized that exposure to low SES in childhood would be
associated with higher blood pressure and heart rate and lower HF-HRV during the tasks
relative to baseline (reactivity) as well as during the post-task period (recovery). We
explored whether the influence of SES in childhood varied by developmental stage. The
second aim examined psychological resources as main effect as well as a moderator (i.e.,
buffer) of the association between low SES in childhood and cardiovascular responses to
stress. We examined several psychological resources both independently and in aggregate in
order to determine whether these variables are overlapping or independent in their
association with cardiovascular risk. We hypothesized that men with greater resources would
exhibit lower blood pressure and heart rate and higher HF-HRV during task and recovery
periods. For psychological resources, we were more confident of our predictions related to
recovery because nearly all prior studies on positive emotions and psychological strengths
have demonstrated protective effects in the recovery domain (Fredrickson & Levenson,
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1998; Fredrickson et al., 2000; Ong & Allaire, 2005; Papousek et al., 2010; Steptoe et al.,
2007). Finally, because the sample included both Black and White men, we explored
whether the respective impact of childhood SES and psychological resources on
cardiovascular recovery varied by race.

The sample consisted of Black and White men from the population-based Pittsburgh Youth
Study (PYS), a longitudinal study of boys who were initially recruited from Pittsburgh
Public Schools in 1987-1988 (/N =503). Further detail about the PYS is available elsewhere
(Loeber et al., 2008). Only boys were included in the PYS given a primary interest in
antisocial behavior and juvenile delinquency, which are more prevalent in boys than in girls
(Sickmund & Puzzanchera, 2014). Men in the PYS were contacted to participate in the
current study focused on cardiovascular health and risk for cardiovascular disease in
adulthood (Mean age = 32 years; range 30-34 years). At the time of the current study, 18
men were deceased, 44 had previously dropped out of the PYS, 4 were severely mentally
disabled, and 42 were incarcerated. Of the remaining 395 men, 312 participated (79%).
Among those eligible but who did not participate, 27% (17=22) declined participation, 23%
(rm=19) failed to respond to contact or missed appointments, and 51% (/7=42) could not be
located. The laboratory protocol was completed by 267 men (86%). The sample completing
the laboratory protocol did not differ from the initial PYS sample on race, childhood SES, or
number of health problems in childhood, ps > .05. This study was approved by the
Institutional Review Board at the University of Pittsburgh, and all men provided written,
informed consent. Men who reported eating, drinking, smoking, or strenuously exercising
within three hours of the laboratory study (7= 5), who were taking medication for high BP
or a beta-blocker (1= 14), or both (/7= 2) were excluded from analysis. The final analytic
sample included 246 men (55% Black).

Childhood SES was measured yearly during the PY'S via the two-factor Hollingshead index
(1975), which incorporates parental educational attainment and occupational status as
reported by the boy’s family. As an index of average childhood SES, we took the mean
Hollingshead SES across 10 occasions between ages 6 and 16. In order to examine
childhood SES in distinct developmental periods, we also created indices of SES by
averaging Hollingshead from ages 7-9 (middle childhood), 10-12 (late childhood), and 13—
16 (adolescence), respectively. We further explored whether changes in SES across
developmental periods were related to cardiovascular parameters.

Psychological resource measures were completed online at the laboratory visit. Positive
affect was assessed via the Positive and Negative Affect Schedule (Watson, Clark, &
Tellegen, 1988). Participants rated how they felt “in general” to ten positive adjectives on a
5-point scale. Purpose in life was measured with the 6-tem Life Engagement Test (Scheier et
al., 2006); participants rate the extent of their agreement to statements such as, “I have lots
of reasons for living,” on a 4-point scale. Optimism was evaluated via the Life Orientation
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Test-Revised (Scheier, Carver, & Bridges, 1994). This scale has six items (e.g., “In uncertain
times, | usually expect the best”), and ratings are made on a 4-point scale. The Pearlin
Mastery Scale was used to measure self-concept and assessed the extent to which individuals
perceive they are in control of forces that significantly affect their lives (Pearlin, Lieberman,
Menaghan, & Mullan, 1981). The Pearlin Mastery Scale has seven items (e.g., “I can do just
about anything I really set my mind to do.”), and participants rate the extent to which they
agree with the items on a 5-point scale. Finally, self-esteem was evaluated using the
Rosenberg Self-Esteem Scale (Rosenberg, 1965). Participants rated the extent to which they
agreed with ten items (e.g., “I feel that | have a number of good qualities™) on a 4-pont scale.
For all measures, higher scores reflect greater psychological resources.

Principal components analysis was conducted on the scale scores from the five
aforementioned psychological resource measures. Using an eigenvalue greater than 1
criterion and via inspection of the scree plot, one factor was extracted, explaining 60.8% of
the variance. The median factor loading was 0.82 and ranged from 0.64 to 0.85. Thus, we
created a composite of the psychological resources by averaging standardized (i.e., z-
scored), unit-weighted variables for the five resource scales.

Laboratory Procedure

Participants were instructed to abstain from caffeinated beverages, tobacco, and exercise for
at least three hours prior to the laboratory session. All tasks were performed with
participants sitting upright in a comfortable lounge chair in a separate, quiet room. After a
10-minute baseline of watching a nature video, participants completed a mental arithmetic (3
minutes) and mirror tracing (3 minutes) task in counterbalanced order, and an anger recall
speech task (3 minute preparation, 4 minute speech). Participants were informed of the
tasks’ end by an experimenter, who remained in the room with the participant in order to
facilitate the stress tasks and add a dimension of social evaluation. Each task was followed
by a 5-minute recovery period, where participants watched a nature video. Experimenters
were not present during the baseline or post-task periods. The speech task was followed by a
10-minute final recovery period watching a nature video. At the beginning of each recovery
period, participants rated task demand and stressfulness on a 5-point Likert-type scale (1 =
not at all; 5 = very).

Systolic BP (SBP) and diastolic BP (DBP) were monitored during the laboratory protocol
using a CARESCAPE Dinamap V100 Vital Signs Monitor (GE Medical Systems
Information Technologies, Inc.) with a standard occluding cuff placed on the participant’s
non-dominant arm. Two resting measures were taken at the start of the protocol and tested
for calibration against simultaneous BP taken using an auscultatory method with a second
cuff placed on the dominant arm. The auscultatory cuff was removed before the baseline rest
period. BP collection occurred every two minutes during the 10-minute baseline and 10-
minute final rest periods, twice during each task, and twice during the 5-minute between-
task rest intervals. HR and high frequency (HF) (.12-.4 Hz) HRV were collected from
electrocardiogram (ECG) signals using a modified lead Il configuration, and collection
followed procedures stipulated in the guidelines for this measure (Jennings et al., 1981).
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This and the signal from a respiratory belt were transduced by Biopac System (Goleta, CA)
modules (ECG and RSP modules of 100C series).

Physiological data processing

Covariates

ECG signals were digitized (1000 Hz sampling, 16 bit analog to digital converter) and stored
for analysis by Mindware Technology (Gahanna, OH) software. Measures of mean HR and
HF-HRV were derived using the HRV module (Mindware, HRV 3.0.21). Measures were
calculated over each entire experimental epoch, e.g. star tracing, recovery period after
mental arithmetic. Trained staff examined each record and edited as necessary, deleting
artifactual data points, routinely less than 5% of any data file. Inter-rater reliability among
staff (4-5 individuals) was computed based on a randomly selected 10% of the data using
the index from Bartko (1966). Intraclass correlations (ICC) were calculated using mixed
effects models with random effects for the subject and rater. ICCs were high, with a median
of .90 and range of .72-.998.

Age, race (coded as White = 1, Black = 0), marital status, body mass index, current smoking
(coded as 1), current SES, and average task demand were included as covariates. Marital
status was dichotomously coded as married or in a marital-like relationship (coded as 1)
versus all other (coded as 0). Body mass index was calculated based on measurements taken
by staff at the laboratory visit (weight in kg/height in m2). Current SES was self reported
and was measured using the two-factor Hollingshead Index. Average task demand was
calculated as the mean of post-task ratings of how demanding the task was.

Statistical Analysis

HF-HRV was natural log transformed before use in analysis in order to achieve a normal
distribution due to positive skew in raw values. Baseline levels of SBP, DBP, HR, and HF-
HRV were calculated as the mean during the initial rest period. Reactivity was calculated
separately for each cardiovascular parameter by regressing task levels on initial rest levels
and saving the standardized residuals. These residuals were then averaged across task to
create a reactivity index for SBP, DBP, HR, and HF-HRV, respectively. Aggregating across
stress tasks is recommended for increasing reliability and generalizability of estimates
(Kamarck, Jennings, & Manuck, 1993; Kamarck & Lovallo, 2003). Further, correlations
among cardiovascular parameters across individual tasks were high. For reactivity, the
median correlation across cardiovascular measures and tasks was 0.81 (range: .69-.93). For
recovery, the median correlation across measures and tasks was 0.90 (range: .85-.98).
Similarly, recovery was calculated separately for each cardiovascular parameter by
regressing post-task levels on both task and initial rest levels and saving the standardized
residuals; residuals were then averaged across all tasks (Mezick, Matthews, Hall, Jennings,
& Kamarck, 2014). HF-HRV was additionally regressed on respiration rate during baseline,
task, and post-task, respectively, to remove variance due to breathing. Thus, outcomes
included one baseline index, one reactivity index, and one recovery index for each of the
cardiovascular parameters.
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Associations between childhood SES and cardiovascular responses to stress were examined
in linear regression models. Separate models were run for cardiovascular parameters at
baseline, reactivity, and recovery, respectively. All continuous predictor variables were mean
centered in regression models. Initial analyses were designed to be sensitive to the
possibility of periods during development during which SES might have a particularly
strong influence on later cardiovascular reactivity and recovery. Absence of clear differences
between developmental periods, however, led to a primary analysis where childhood SES
was considered as an overall average from ages 6-16. The developmental period analyses
are presented in Supplemental Table 1 and in the Exploratory Analysis section of the
Results. Race differences in the association between childhood SES and cardiovascular
stress response were examined via an interaction between race and childhood SES.
Psychological resources were examined both as a main effect as well as a buffer of the
association between childhood SES and cardiovascular responses to stress. Hypotheses
regarding moderating effects of psychological resources were tested via an interaction
between childhood SES and psychological resources in the prediction of cardiovascular
responses to stress.

Table 1 presents sample characteristics as well as the unadjusted cardiovascular measures at
baseline, task, and post-task levels. Both in childhood and concurrently, participants were of
lower to middle SES. As expected, SBP, DBP, and HR increased during the stress tasks and
subsequently decreased during the recovery window, whereas HF-HRV decreased during
reactivity and subsequently increased in the recovery window. On average, participants rated
the stress tasks as moderately demanding.

Linear regression models examined associations between childhood SES and psychological
resources with the cardiovascular parameters at baseline, reactivity, and recovery,
respectively. Results are presented in Table 2. Childhood SES was not significantly
associated with any of the cardiovascular factors at baseline or reactivity. However,
childhood SES was inversely associated with SBP and HR at recovery, adjusting for age,
race, marital status, BMI, current smoking, current SES, and average task demand (SBP: p=
-.14, (233) = 2.11, p=.036; HR: p= -.14, #230) = 2.05, p=.042). The psychological
resource composite was not associated with baseline or reactivity levels of the
cardiovascular factors (p% > .10), but psychological resources were inversely associated
with SBP at recovery, net of covariates (f= —.16, #233) = 2.32, p=.021). Higher current
SES was associated with lower HR at baseline (B = -.16, £230) = 2.41, p=.02) and lower
HF-HRV at recovery (B = -.16, {230) = 2.12, p=.04).

Race differences in the association between childhood SES and cardiovascular responses to
stress were examined by testing interaction effects between childhood SES and race in the
prediction of each cardiovascular parameter at baseline, reactivity, and recovery (see
Supplemental Table 2). There was a significant interaction between childhood SES and race
in the prediction of baseline DBP in fully adjusted models, p = .56, {231) = 2.93, p=.004.
In general, Blacks had higher DBP, but their childhood SES was not associated with baseline
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DBP, B =-.13, (127) = 1.48, p=.14. Among Whites, higher childhood SES was associated
with higher baseline DBP, p = .20, {101) = 2.15, p=.03.

In order to examine whether psychological resources buffered the association between
childhood SES and cardiovascular responses to stress, interactions between childhood SES
overall and the psychological resource composite were tested. A significant interaction
emerged between childhood SES and psychological resources in the prediction of SBP
recovery (B = .14, (231) = 2.21, p=.028). This interaction is depicted in Figure 1. A
comparison of simple slopes at the mean and plus and minus one standard deviation from
the mean on psychological resources revealed that there were significant, inverse
associations between childhood SES and SBP recovery among those with low (f = -.29,
#(232) = 3.03, p=.003) and moderate (B = -.14, {232) = 2.07, p=.04) psychological
resources, but this association was null for those with high psychological resources (f = .
001, £232) = 0.19, p=.85). No other interactions between childhood SES and psychological
resources emerged as significant in the prediction of any other cardiovascular parameter (o’s
> 15)L,

Exploratory Analyses: Developmental Periods

Supplemental Table 1 presents associations among childhood SES in three separate
developmental periods (middle childhood, late childhood, and adolescence), which did not
differ appreciably from the overall average measure of SES. Although analyses of
associations between SES and both SBP and HR recovery varied with respect to statistical
significance, similar associations were revealed across developmental windows (SBP
recovery: middle childhood: p = -.13, p=.055; late childhood: p =-.17, p=.01,
adolescence: B = —.11, p=.10. HR recovery: middle childhood: p = -.14, p=.04; late
childhood: g = -.17, p=.02; adolescence: p = -.10, p=.16). The interaction with
psychological resources predicting SBP recovery was significant with SES in middle
childhood (B = .14, p=.03) and late childhood (B = .14, p=.01), but not adolescence (p = .
44).

The question arises whether we had sufficient change in SES across developmental periods
to identify whether the impact of developmental periods would vary. To address this issue,
change in SES was evaluated by categorizing participants into tertiles across developmental
periods. Not surprisingly, approximately 60% of the sample remained in the same tertile of
SES from middle childhood to adolescence. There were no significant differences in SBP or
HR recovery among men who remained in the top (n=51) or bottom (7= 50) tertile of SES
or who increased (7= 29) or decreased (n7 = 26) in SES between middle childhood and
adolescence (SBP recovery: A3, 152) = 2.22, p=.09; HR recovery: A3, 150) =1.29, p=.
28).

LAl resource measures independently and significantly moderated the association between childhood SES and SBP at recovery,
except self-mastery (interaction effect p=.067). When the other resource scales were included as covariates, moderation findings for
any given resource scale were largely attenuated to marginal significance.
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Discussion

The current study examined associations between childhood SES and cardiovascular
responses to stress. Results demonstrated that low SES in childhood was associated with
higher HR and SBP during the recovery window following acute stress in adulthood,
independent of BMI, current smoking, current SES, age, race, marital status and perceptions
of task demand. Childhood SES was not associated with cardiovascular parameters at
baseline or in reactivity to stress. Greater psychological resources were also associated with
lower SBP at recovery. However, the independent associations between SBP at recovery and
childhood SES and psychological resources, respectively, were qualified by a significant
moderation effect. That is, the inverse association between childhood SES and SBP at
recovery was only significant among men with low and moderate psychological resources.
There was no association between childhood SES and SBP recovery among those with high
psychological resources.

Two unique strengths of this study were the prospective design and racially diverse sample,
yielding the opportunity to examine developmental questions about the timing of SES
exposure in childhood and its association with cardiovascular responses to stress in
adulthood as well as whether these associations were different in Black and White men.
Prospective data with multiple waves, like that in the current study, are necessary to discern
if and when there are sensitive periods for when SES exposure has the most enduring effects
on adult health (Cohen et al., 2010). The current data demonstrated rather consistent
associations between cardiovascular responses to stress and childhood SES across
developmental chunks. That is, sensitive periods for when SES exposure matters most for
adult health were not identified, and lower SES was associated with higher SBP and HR
during the recovery window throughout childhood, although findings were slightly weaker
in adolescence (Pollitt, Rose, & Kaufman, 2005). Though the relation between recovery and
adolescent SES is nominally, and non-significantly weaker, than the same relation in middle
and late childhood, overall the continuity of the SES-recovery relationship is much more
striking than any specificity to a developmental period. Change in SES across childhood and
adolescence was also unrelated to SBP and HR during recovery. Childhood SES was
relatively stable across childhood and adolescence in this sample (7’s ranged from .64 to .77
across developmental chunks), which may have affected the ability to identify differential
effects across time. Further, little evidence for race differences was found in the associations
between childhood SES and cardiovascular responses to stress, emphasizing that exposure to
low SES in early life predicts poor SBP and HR recovery from stress ubiquitously in both
Black and White men.

The finding that higher childhood SES was associated with higher baseline DBP among
White men only was unexpected and inconsistent with prior literature demonstrating inverse
associations between SES and hypertension, including in national samples (e.g., Colhoun,
Hemingway, & Poulter, 1998; Janicki-Deverts, Cohen, Matthews, & Jacobs, 2012; Vargas,
2000). However, hypertension is much more common after age 50 (Mozaffarian et al.,
2014), and the current sample may have been too young to discern notable SES disparities.
Independent of childhood SES, higher adult SES was associated with lower HR at baseline
and lower HF-HRYV at recovery. The inverse association between adult SES and resting HR
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is consistent with the Whitehall 11 Study (Hemingway et al., 2005), and high HR has been
linked to ischemic heart disease, sudden cardiac death, and mortality (Benetos, Rudnichi,
Thomas, Safar, & Guize, 1999; Shaper, Wannamethee, Macfarlane, & Walker, 1993). The
association with adult SES and HF-HRV at recovery was unexpected and may reflect less
parasympathetic tone during recovery among higher SES men. This finding is in contrast to
the findings from the Whitehall Psychobiology Study, where higher SES was associated
with more adaptive recovery across several cardiovascular parameters, including HRV
(Steptoe et al., 2002). Future research is needed to confirm and understand this incongruent
finding.

Dysregulation in the autonomic nervous system in response to stress is often cited as a
primary biological mechanism underlying SES disparities in health (reviewed in Cohen et
al., 2010; Everson-Rose & Lewis, 2005). The current results support the autonomic nervous
system as a physiological pathway by which low SES *“gets under the skin,” as demonstrated
by poor SBP and HR recovery following acute stressors. A recent meta-analysis found that
poor recovery from laboratory challenges (mostly physical) was associated with increased
risk for adverse cardiovascular events and all-cause mortality (Panaite et al., 2015), and that
effects were comparable to meta-analytic findings of increased disease risk associated with
heightened cardiovascular reactivity to acute stress in the laboratory (Chida & Steptoe,
2010). Reactivity did not differ as a function of childhood family SES in this sample,
consistent with some prior research in African American male adolescents (Hackman et al.,
2012). Other research supports associations between lower early life SES and either greater
(Evans et al., 2013; Gump et al., 1999; Quas et al., 2014; Williams et al., 2008; Wilson et al.,
2000), or lesser cardiovascular reactivity to acute psychological stressors in childhood and
adolescence (Lovallo et al., 2012; Lovallo, 2013; McLaughlin et al., 2015). Our results raise
the possibility that recovery may be a more stable effect of lower early life SES. Poor
recovery, in particular, is thought to reflect the failure to regulate physiological systems over
time following sustained or repeated challenges (McEwen, 1998), and as such, is considered
especially important regarding vulnerability for downstream health effects (Dickerson &
Kemeny, 2004). Few studies have had the opportunity to test prospective associations
between SES in childhood and reactivity and recovery from laboratory stressors in
adulthood. The current evidence suggests that the recovery window may be critical to
understanding long-term cardiovascular consequences of exposure to low SES in childhood.

The second aim of the study was to examine psychological resources as a predictor of
cardiovascular responses to stress and also as a moderator of the link between childhood
SES and cardiovascular responses to stress. In line with predictions, psychological
resources, a composite of positive affect, purpose in life, optimism, self-mastery, and self-
esteem, predicted lower SBP at recovery and also moderated the association between
childhood SES and SBP recovery. Among men with moderate and low psychological
resources, lower childhood SES was associated with higher SBP at recovery, consistent with
prior literature linking lower SES in adulthood to poorer cardiovascular recovery from stress
(Merritt et al., 2004; Steptoe & Marmot, 2006; Steptoe, Willemsen, Kunz-Ebrecht, & Owen,
2003). However, there was no association between SES and SBP recovery among men with
high psychological resources. Prior studies have found enhanced cardiovascular recovery
from stress following positive mood inductions (Fredrickson & Levenson, 1998; Fredrickson
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et al., 2000) and also found associations between state and trait psychological resources and
cardiovascular recovery (Brummett et al., 2009; Ong & Allaire, 2005; Papousek et al., 2010;
Steptoe et al., 2007). The same moderation pattern for psychological resources was not
apparent in the prediction of HR. Prior evidence shows inconsistent associations between
SBP and HR recovery from stress (Steptoe & Marmot, 2006), and Gianaros and Wager
(2015) demonstrate differential neural activation associated with HR and BP reactivity to
stress, suggesting that the beneficial associations of psychological resources are via
pathways specific to SBP.

The question remains, how might psychological resources contribute to recovery from
stressful events? Being happier and optimistic, having higher self-esteem and self-mastery,
and a greater purpose in life may reflect enhanced emotion regulation abilities and provide
motivation to reappraise stressful events in an adaptive way, thus avoiding rumination, which
is associated with poor cardiovascular recovery (e.g., Gerin, Davidson, Christenfeld, Goyal,
& Schwartz, 2006; Radstaak, Geurts, Brosschot, Cillessen, & Kompier, 2011; Woody,
Burkhouse, Birk, & Gibb, 2015). Psychological resources may represent the intrapersonal
piece of reserve capacity, and together with other tangible and interpersonal resources, help
low SES individuals cope with stressors (Gallo & Matthews, 2003). Regarding potential top-
down mechanisms, psychological well-being, including purpose in life, has been linked to
healthier brain functioning, such as greater left (than right) prefrontal activation profiles
(Urry et al., 2004), faster automatic recovery from negative emotional stimuli (Schaefer et
al., 2013), and sustained striatal and dorsolateral prefrontal cortex activity following positive
stimuli (Heller et al., 2013). Together, the data support salubrious effects of psychological
resources, and the moderation findings add to a growing body of literature that such
resources are especially important for health among individuals with low, but not high, SES
(Lachman & Weaver, 1998; Morozink et al., 2010; Turiano et al., 2014). Given the
consistency of findings across the five resource measures, these psychological factors may
represent several targets for intervention, and such efforts to increase psychological
resources may have important physical health benefits as well, especially among those
already at risk for poor health due to low SES.

Results from the current study should be interpreted in light of several limitations.
Importantly, only men were included in the study, and thus it is unknown if the results would
generalize to women. A subsample of adults from the original study (/7=42) were
incarcerated and thus were unable to participate in the current study. It is unclear whether
their inclusion would have affected results, although we note that the current sample did not
differ from the original parent sample on childhood SES. Also, the sample was restricted
geographically and only included men who grew up and lived in proximity to Pittsburgh, PA.
In addition, several analyses were conducted, yielding concerns about type | error. Our
analytic strategy reflected the focus on childhood SES and psychological resources and
associations with four distinct cardiovascular measures at three time points. Though
replication is needed, results suggest that not all cardiovascular parameters or time points in
response to stress have an equivalent, detrimental effect. Finally, we were unable to formally
test reactivity and recovery from stress as mediators of the association between childhood
SES and morbidity given limited data on overt cardiovascular disease due to the relatively
young age of the sample. Notwithstanding these limitations, this study is the first to
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demonstrate differences in SBP and HR recovery from stress as a function of prospectively
assessed childhood SES, and also the first to demonstrate buffering effects of psychological
resources, finding that men with low childhood SES who nonetheless possess high
psychological resources looked comparable to their higher SES counterparts in terms of SBP
recovery from challenge.
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Refer to Web version on PubMed Central for supplementary material.
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Figurel.
The association between childhood SES and SBP at recovery at low, moderate, and high

levels of psychological resources. High and moderate psychological resources bufferedthe
association between childhood SES and SBP at recovery. **p< .01, *p< .05
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Sample Characteristics (n=246)

Table 1

M (SD) or % Range

Age (years)
Race (% Black)

Marital status (% married or living like married)

BMI (kg/m?)

Current smoking (% yes)
Current SES

Child SES

Task Demand (avg across tasks)

Baseline SBP (mmHg)
Task SBP (mmHg)
Post-task SBP (mmHg)
Baseline DBP (mmHg)
Task DBP (mmHg)
Post-task DBP (mmHg)

Baseline HR (beats per minute)

Task HR (beats per minute)

Post-task HR (beats per minute)

Baseline HF-HRV (In units)
Task HF-HRV (In units)
Post-task HF-HRV (In units)

32.1(0.9) 30-34
55.7%
56.1%

290 (6.7)  17.6-63.1
58.1%

31.2 (14.6) 6-66
37.4(9.3) 9-66
3.1(0.9) 1-5

121.0 (106)  99-160
133.2(14.2)  103-188
1240 (10.6)  102-161
71.6 (8.8) 52-100
82.0(10.0)  58-116

72.3(9.1) 54-101
68.0 (11.1)  41-106
751 (11.3)  49-113
69.6 (10.9)  44-107

6.3(L2) 1.9-9.3
59(L3) 0.9-8.7
6.1(L.3) 1.5-8.9
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Note. SES was measured using the two-factor Hollingshead index. Task and post-task cardiovascular measures are presented in raw units and
reflect an average across all tasks and post-task periods, respectively.
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