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ABSTRACT

We tested the hypothesis that lower socioeconomic status
(SES) children display heightened cardiovascular reactivity
during stressful situations because they are more likely to ap-
praise a wide variety of social situations, including ambiguous
ones, as threatening. A sample of 201 children and adolescents,
half White and half African American, were assessed initially.
Ninety of these children were retested an average of 3 years
later. At both time points, children were interviewed about ap-
praisals of hostile intent and feelings of anger in response to
scenarios with negative or ambiguous outcomes. Cardiovascu-
lar reactivity to 3 laboratory stress tasks was measured. Ini-
tially, lower SES was associated with greater hostile intent ap-
praisal and anger during ambiguous scenarios across all
participants. In addition, responses to ambiguous scenarios
partially mediated the relation between SES and vascular reac-
tivity. Longitudinally, low SES African American participants
showed higher mean intensity of hostile intent appraisals during
ambiguous scenarios, and these appraisals mediated the
SES–reactivity relationship. These findings suggest that the way
in which children appraise ambiguous social situations plays an
important role in the relation between SES and cardiovascular
reactivity.

(Ann Behav Med 2001, 23(2):101–111)

INTRODUCTION

Low socioeconomic status (SES) has a profound influence
on physical health across the life span. Adults from a low-SES
background experience higher rates of morbidity and mortality
than adults from higher social classes (see [1–3] for reviews).
The effects of SES on physical health extend to childhood as
well. As SES decreases, all-cause mortality rates during child-
hood increase linearly (4–6). An SES gradient in childhood has

also been documented for a variety of cause-specific morbidity
and mortality outcomes, including injury, asthma hospitaliza-
tions, and cancer (for a review, see [7–10]).

One health domain in which associations with SES have
been extensively documented is cardiovascular disease, the
leading cause of mortality across the life span. Low SES in
adulthood is linked to higher incidence of and mortality rates
from coronary heart disease, as well as poorer recovery from
coronary artery disease (11–14) (see [15] for a review). Re-
search has also shown that low SES in childhood increases risk
for ischemic heart disease later in life (16). In seeking an under-
standing of the origins of these associations, researchers have
begun to examine how SES is related to cardiovascular risk fac-
tors among children and adolescents. Within this population,
one characteristic that may serve as a risk factor for later cardio-
vascular problems is heightened cardiovascular reactivity in re-
sponse to stress (17,18).

How Does SES Relate to Cardiovascular Risk
Factors in Childhood?

Low SES among children and adolescents is associated
with heightened reactivity to laboratory stressors (19,20; cf .21).
In addition, factors often associated with SES, such as crowded
living conditions and chronic stress, have also been associated
with greater cardiovascular reactivity (22–24). Elevated reactiv-
ity to stressors may then have negative implications for cardio-
vascular health outcomes. Adults with low childhood SES who
display heightened cardiovascular reactivity have greater
atherosclerotic progression (25). Greater blood pressure reactiv-
ity predicts rises in resting blood pressure over time in children
(18,26), as well as extent of carotid atherosclerosis in adults
(27). In addition, a meta-analysis concluded that both adults
with borderline and those with essential hypertension have
greater blood pressure responses to laboratory stressors (28).

These previous studies suggest that heightened cardiovas-
cular reactivity may operate as a pathway linking childhood
SES with cardiovascular disease endpoints during adulthood.
An important limitation of this literature, however, is that it has
yet to offer a comprehensive model of how low SES children
come to exhibit heightened cardiovascular reactivity. This is the
goal of our study.

We suggest that children from low SES backgrounds show
heightened cardiovascular reactivity because they grow up in
more stressful and unpredictable environments and hence de-
velop a bias toward appraising, or interpreting, the world as a
threatening place. This bias leads them to respond to a wide
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range of situations—including both negative and ambiguous
ones—with exaggerated cardiovascular changes.1 Over time,
these frequent and exaggerated episodes of reactivity may place
them at greater risk for morbidity–mortality due to cardiovascu-
lar disease. We refer to this type of bias as a cognitive appraisal
bias.

How Does SES Relate to Cognitive
Appraisal Bias?

Social situations can be either negative in outcome (e.g.,
someone hits you) or ambiguous in outcome (e.g., someone
laughs at a comment you make. This is ambiguous because it is
unclear whether the person is laughing with you because you
made a joke or laughing at you because you said something stu-
pid). Certain individuals demonstrate a tendency to consistently
make negative appraisals across a variety of ambiguous social
situations. Within the social-information-processing literature,
this phenomenon is referred to as a cognitive bias. For example,
anxious children and young adults are more likely to interpret
ambiguous outcomes as threatening and preferentially attend to
anxiety-relevant words relative to neutral words (29–31). Ag-
gressive children make more hostile interpretations than
nonaggressive children when the intent of a story character is
ambiguous, but the outcome is negative (e.g., a peer bumps into
you and spills milk all over you. Spilling milk is a negative out-
come, but it is unclear whether the peer did this intentionally or
accidentally. For further descriptions of aggressive children’s
biases, see [32,33]).

A similar cognitive bias may apply to low-SES children.
These children are more likely to live in neighborhoods that are
more dangerous and have higher incidences of violence (34). In
addition, lower SES children report more frequent stressful life
events (35,36). This increased exposure to events that are unpre-
dictable and stressful may lead low-SES children to develop a
schema about the world being a place that requires constant vig-
ilance. This schema may predispose low-SES children to ap-
praise a wide range of situations, including ambiguous ones, as
potentially threatening. Unlike aggressive children who demon-
strate bias during negative outcome situations, low-SES chil-
dren may show this bias in situations involving ambiguous out-
comes (e.g., a peer laughing at a comment you make in class)
because of a tendency to overgeneralize perceptions of threaten-
ing situations.

Cognitive Appraisal Theory

Our hypotheses about low-SES children’s biases in inter-
preting social situations also tie in to a large literature on cogni-
tive appraisal. According to Lazarus and Folkman, emotional
and behavioral responses to situations are determined by an in-

dividual’s cognitive appraisal of that situation (37). Primary ap-
praisal is the initial interpretation of the meaning of a situation,
including the degree to which a situation is personally relevant
(goal relevance), and the degree to which a situation is appraised
as threatening (goal congruence). Secondary appraisal relates
to a person’s resources and options for coping, including who is
to blame (accountability), how one can change the situation for
the better (coping potential), and the likelihood of changes oc-
curring in the situation (future expectancy) (see [38,39] for a
more elaborate discussion of these concepts). This study’s sce-
narios included similar dimensions: That is, we created scenar-
ios that would be personally relevant with the potential for
threatening interpretations. Also included are the possibility of
other-accountability (a character directly involved in the poten-
tially harmful act) and postscenario probing of future expectan-
cies. We hypothesize that low-SES children will make negative
appraisals during ambiguous social situations because of a ten-
dency to interpret situations as relevant to them, potentially
harmful, the fault of others, and likely to remain harmful in the
future.

As described earlier, SES relates to reactivity in children
and adolescents. In addition, variables such as trait hostility me-
diate this relation among African American children (19). That
is, lower SES African American children are more likely to have
higher trait hostility scores, which in turn are associated with
greater cardiovascular reactivity. In addition, previous research
has demonstrated that among adults, those in lower status occu-
pations who also have a tendency to make negative appraisals
have higher blood pressure elevations at work (40). However,
the role of processing styles that vary by situation, such as the
cognitive appraisal bias we described earlier, has not been inves-
tigated in children.

This Study

This article represents a preliminary test of the model we
described earlier. We test three specific hypotheses that are cen-
tral to this model: that lower SES children experience greater
cardiovascular reactivity during laboratory stressors, that lower
SES children make more hostile intent appraisals and report
more anger during only ambiguous social situations, and that
this cognitive appraisal bias accounts for the associations be-
tween SES and reactivity. This is the first study we know of that
tests cognitive appraisal bias as a mediator of the SES and car-
diovascular reactivity relation. It is also unique in testing these
relations among children and adolescents, which will hopefully
provide researchers with information about psychological risk
factors that develop at an early age.

In addition, we test these hypotheses in the context of a
prospective study in which children participated in two labora-
tory sessions spaced approximately 3 years apart. This allows
us a novel opportunity to examine whether associations differ
for immediate versus longitudinal data; that is, do patterns in
cognitive appraisal bias over time account for changes in reac-
tivity over time? Although clinical cardiovascular and coro-
nary outcomes such as essential hypertension and myocardial
infarction do not typically manifest until adulthood, their un-

102 Chen and Matthews Annals of Behavioral Medicine

1We also note that, in addition to heightened reactivity, low SES is
associated with higher resting levels of blood pressure among children
and adolescents (58–60). However, because we hypothesize cognitive
appraisal bias to be related to situation-specific reactivity, we do not
propose a direct role of cognitive bias in influencing resting blood pres-
sure levels.



derlying causes and risk factors can develop and progress in
childhood and early adulthood. For example, atherosclerosis
begins in youth, and atherosclerotic lesions increase rapidly
during the teenage and young adult years (41,42). Similarly,
longitudinal increases in risk factors such as cardiovascular re-
activity may be particularly informative in predicting clinical
outcomes. In this study, we hypothesize that lower SES will be
associated with greater increases in cardiovascular reactivity
over the 3-year period. Second, we hypothesize that across
time, lower SES children will show higher mean hostile intent
and anger responses to ambiguous scenarios. Third, we hy-
pothesize that these longitudinal measures of cognitive ap-
praisal bias will mediate the relation between SES and change
in reactivity over time.

Our study is also unique in its attempt to define the contri-
bution of various SES measures within the context of race. One
challenge that arises in any study exploring associations of
SES is the possible confound of race. More so than any other
demographic variable, race has been linked to SES. African
American families, on average, have lower income than White
families. Thus, associations of SES with reactivity may be due
primarily to race rather than SES per se. In addition, there may
be synergistic effects, such that being of low SES is most detri-
mental to those who are also minorities (43). In this study, we
explore the combined effects of race and SES. By recruiting a
sample that was half African American and half White, we
were able to test for SES by race interactions and, when pres-
ent, to conduct SES analyses separately by race. We hypothe-
sized that, as children aged, differences in cognitive bias would
emerge by race. Low-SES African American children may
gain more life experiences with stressful and unpredictable sit-
uations with age. Furthermore, experiences with racism pres-
ent an additional burden that White children do not face. The
net result of these two factors may be that as African American
children grow older, relationships strengthen between low SES
and biases in appraising ambiguous situations. In contrast, this
type of strengthening would not be expected to occur among
White children.

A second challenge that arises in this area is how to mea-
sure childhood SES. Some researchers have relied on family
SES, whereas others have used only paternal SES scores. Both
family and paternal SES have been associated with a variety of
child health outcomes in the epidemiological literature
(10,44), and, in fact, paternal SES scores have been relied on to
demonstrate the effect of childhood SES on health in major
studies among both adults and children (44–46). Despite the
societal progress made in recent decades in women’s employ-
ment opportunities, research still supports the predictive value
of male head of household’s SES. In fact, among adults, hus-
bands’ SES has been found to be a better determinant of wives’
health status than wives’ own SES (3,47). Similarly, paternal
SES may be a better determinant of children’s health than ma-
ternal or family SES. To address this issue in our study, we in-
cluded measures of both family and paternal SES and test each
separately to determine whether our model applies better to
one type of SES measure.

METHOD

Participants

A total of 204 children and adolescents were initially re-
cruited from school districts in the metropolitan Pittsburgh,
Pennsylvania area. Three children were excluded from analy-
ses: 1 participant had a high fever, 1 mother withdrew consent
for use of her son’s psychosocial measures after completion of
the protocol, and 1 participant’s data were deleted due to techni-
cal problems. At Time 2, 149 children and adolescents returned
to be retested. Older participants who had not completed an
echocardiogram at Time 1 were not invited to be retested at
Time 2 (11%, n = 23). The remaining reasons for not returning
for Time 2 testing were that 7% (n = 14) could not be located,
and 7% (n = 14) refused participation. One participant was de-
ceased. Of the 149 who participated in Time 2 testing, 59 were
not administered one part of the protocol (the Social Scenarios
Interview [SSI]—see following) because of a late decision to
add in a revised version. Hence, their data are excluded from
Time 2 analyses.

At Time 1, participants were recruited to provide equal
numbers by sex and race (African American and White), in the
age ranges of 8 to 10 and 15 to 17. Participants were also re-
cruited to represent a wide range of SES backgrounds, with the
exception that the upper level of occupational class (children
whose parents had professional degrees) was excluded. For ad-
ditional descriptive information about these participants, refer
to an earlier article (48). At Time 2, returning participants
ranged in age from 9 to 21 (average age = 13.6 years; average
length between visits = 3.0 years). Demographic breakdown re-
vealed 41 girls and 49 boys, and 41 African Americans and 49
Whites. Percentages of girls and boys by race and SES were
similar across groups.

Initial eligibility requirements were no history of cardio-
vascular disease or any condition that would require medication
that might affect the cardiovascular system (e.g., high blood
pressure, asthma, oral contraception); no drug or alcohol abuse,
history of mental illness, or any professional psychiatric coun-
seling within the past year; less than 80% above ideal weight ac-
cording to Metropolitan height and weight tables; and no smok-
ing within 12 hr prior to the session.

A previous article (49) based on this sample tested the rela-
tions between SES and left ventricular mass (from
echocardiograms), with trait hostility and cardiovascular reactiv-
ity as potential mediators. That article reported data from only
two of the three laboratory stress tasks described following be-
cause reactivity to alpha-adrenergic tasks (the two used in that ar-
ticle) is associated with left ventricular mass (49). That article dif-
fers from this article in that it focused on associations between
SES and cardiovascular outcomes at one point in time (no longi-
tudinal data), and it examined trait hostility as a mediator as op-
posed to a situationally based measure of cognitive bias (19). In
addition, in that article an anatomical measure (left ventricular
mass) was the primary outcome of interest, whereas in this article
measures of cardiac and vascular functioning are the primary out-
comes of interest.
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Measures

Social Scenarios Interview

To measure cognitive bias, four hypothetical social situations
were generated. At Time 1, each situation differed with respect to
the nature of the threat (physical vs. psychological) and the out-
come (ambiguous vs. negative). The physical threat stories were
modeled after those developed by Dodge et al. (32,33,50). Be-
cause psychological stories produced more anger and higher per-
ceptions of hostile intent, Time 2 SSI was revised to contain all
psychological stories (two of which were ambiguous and two
negative). Given this revised version, all longitudinal analyses
testing cognitive bias as a mediator of cardiovascular reactivity
included Time 1 reactivity as a control variable. Story examples
include: “You raise your hand in class and are called on. Immedi-
ately after making a comment, you hear a classmate of yours be-
gin to laugh” (ambiguous story because it is unclear whether the
person is laughing with you because you made a joke or laughing
at you because you said something stupid) and “A popular girl
walks up to you and asks why you didn’t attend her party last
night. You hadn’t known there was a party. This girl tells you that
she told another classmate of yours to tell you about the party”
(negative story because you were not invited to the party). All
story characters were described as a “classmate” for children and
adolescents to avoid responses being influenced by associations
with known individuals. Gender references used for story charac-
ters were matched to participants’ gender and, thus, differed de-
pending on the sex of the participants.

After reading each scenario aloud, experimenters asked
participants about the intentions of the character in the story
(e.g., “How do you think it happened that this person …?”). Ad-
ditional nonleading questions were asked to clarify unclear re-
sponses. This was the “intent” appraisal question. It was coded
as –1 if the participant described the story character’s intent as
benevolent or accidental and as +1 if the intent was described as
hostile (i.e., the situation involved potential threat stemming
from another person’s actions). Participants were then asked
how likely they thought it was that the story character would be-
have similarly in the future (“likelihood”). Responses to this fu-
ture likelihood question were coded as 1 (unlikely), 2 (somewhat
likely), and 3 (very likely). Participants’ score on the intent ques-
tion was then multiplied by their score on the likelihood ques-
tion. This procedure yielded a score reflecting stable “hostile in-
tent,” which ranged from –3 (not hostile and very likely to be
nonhostile in the future) to +3 (hostile and very likely to be hos-
tile in the future) at Time 1 and served to normalize the distribu-
tion of responses.

Participants were also asked how they would feel in the sit-
uation. If participants reported that they would feel angry, a fur-
ther probe clarified the degree of anger. This question was coded
as 1 (no anger), 2 (mildly angry), and 3 (very angry).

All interviews were conducted and coded by trained re-
search assistants and were tape-recorded so that they could be
double coded for scoring reliability. Twenty-five percent of the
child and adolescent interviews were randomly chosen to be
coded by two raters; in case of discrepancies, final codes were

assigned by consensus. Excellent agreement was obtained be-
tween coders for all questions: κs = 0.93 (hostile intent), 0.97
(anger), and 0.99 (likelihood).

SES

Hollingshead’s Four Factor Index of Social Status (1975)
was used to compute each participant’s family SES. Both family
and paternal social status were calculated. For family SES, aver-
age SES score for two parents was used whenever possible. If
children came from a single-parent family, only the single par-
ent’s score was used. For paternal SES, values were coded as
missing if no male head of household existed. SES was derived
from the occupation and level of education for the head(s) of a
family. Using Hollingshead’s criteria, a family’s occupation is
given a score on a 1 to 9 scale. Education is categorized on a 1 to 7
scale. The score for occupation is multiplied by 5 and the score
for education is multiplied by 3. The two scores are then summed
to create a single SES score, with higher scores indicating higher
SES. This information was collected at Time 1 and Time 2.

Physiological Recording Apparatus

A Minnesota Impedance Cardiograph Model 304B (Instru-
mentation for Medicine, Old Greenwich, CT) was used for the
generation of the impedance wave form using a tetrapolar band
electrode configuration (51). An EKG signal was transduced us-
ing two active Cleartrace LT disposable silver/silver chloride
electrodes (Conmed Andover Medical, Haverhill, MA) placed
on each side of the abdomen below the impedance electrode
bands and a ground electrode beside the navel. The EKG signal
was filtered and amplified by a Coulbourn S75–11 ampli-
fier/coupler (Coulbourn Instruments, Allentown, PA). Pro-
cessing of the impedance signals and ECG was accomplished
using the Cardiac Output Program (COP), an online computer-
ized videographics system for impedance cardiography analysis
(Microtronics Corp., Chapel Hill, NC). Basal impedance, the
first derivative of the pulsatile impedance signal (dZ/dt) and the
EKG were sampled at 500 Hz per channel by a Dell
80386-based microcomputer hosting a Computer Boards
CIO–AD08 analog-to-digital converter board (Dell Computer
Corp., Round Rock, TX). The output of the COP program in-
cluded heart rate (HR) and cardiac output (CO; calculated as the
product of mean stroke volume and HR for a given period). The
COP program calculates stroke volume using the Kubicek equa-
tion (52) and ensemble-averaged waveforms over the desig-
nated time periods.

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were monitored using an IBS Model SD–700A auto-
mated blood pressure monitor (IBS Corp., Waltham, MA) with a
standard occluding cuff placed on the participant’s nondominant
arm. Total peripheral resistance (TPR) was calculated using the
formula TPR = ({[(SBP–DBP)/3] + DBP}/CO)*80. Vascular
reactivity is indicated by increases in DBP and TPR. Cardiac re-
activity is indicated by increases in myocardial contractility (the
SBP and HR product), as well as CO.
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Experimental Tasks

All tasks were presented while the participant sat upright in
a comfortable lounge chair that had a detachable desk surface.
Reactivity was averaged across all tasks because of our hypothe-
sis that biases in cognitive appraisal would result in a consistent
pattern of heightened reactivity across multiple stressors and be-
cause averaging produces greater reliability in reactivity mea-
sures across time (53).

Reaction Time

A computerized task required the participant to respond by
pressing a joystick button as quickly as possible to a 1000 Hz
tone presented via headphones but to refrain from responding to
a 2000 Hz tone. Tones were presented at irregular intervals by an
AT&T 6300 microcomputer during the 3-min task. Participants
earned 75 points for each time they beat the average reaction
time of previous trials and 20 points for correctly withholding a
response to the incorrect tone. Thirty points were subtracted for
responding to the incorrect tone. Two cents were given to the
participant for each point earned.

Mirror Tracing

Participants were required to trace around a copper star with a
metal stylus while being allowed to see only the mirror image of the
star. The tracing apparatus (Stoelting Co., Chicago, IL) was inter-
faced to an AT&T 6300 microcomputer, and customized software
kept track of whether the stylus was on the star. Going off the star
produced a loud beep through the headphones. Task time was 3 min.

Cold Forehead

A 2-quart bag of two parts crushed ice and one part water
was placed on the participant’s head for 1 min. The participants
were informed of the time remaining during the minute to en-
courage completion of the minute, although the instructions for
the task clearly indicated that the ice bag would be removed if
the pain became too intense.

Procedure

Recruitment of participants was accomplished through a
number of school districts in the suburban Pittsburgh area. Let-
ters describing the study were sent to parents, and those who
were interested in additional information were given phone
numbers to call for an initial screening interview. The protocol
was explained to the parents in detail during the initial recruit-
ment contact. All adolescents and parents were required to sign
a consent form prior to participation in the protocol; the younger
children signed an assent form. All consent and assent forms
were approved by the Psychosocial Institutional Review Board
of the University of Pittsburgh Medical Center.

Participants arrived at the laboratory at about 8:30 a.m. Elec-
trodes for impedance cardiography and the EKG were applied.
The blood pressure cuff was placed on the upper aspect of the
nondominant arm with the microphone placed above an area
where the brachial artery could be palpated. Children were then
given instructions for an initial (baseline) 10-min rest period. The

reaction time, mirror tracing, and cold forehead tasks were given
in counterbalanced order with 8-min intertask rest periods after
each task. A fourth task (the Social Competence Interview) was
conducted only at the first assessment so results are not reported
here. This task was administered after the completion of the three
other reactivity tasks and was followed by a final 10-min rest pe-
riod. Sensors were removed, and participants completed the SSI.
Participants were paid $75 for completing the protocol in addition
to money earned in the reaction time task.

An average of 3 years later, participants were invited back
for a follow-up study. Parents gave current information about
their occupation and education for SES calculations. Children
participated in the same three laboratory reactivity tasks and
completed a revised SSI (protocol same as described earlier).
Participants were paid $65 for completing this protocol in addi-
tion to money earned in the reaction time task.

Data Reduction

Data for HR and CO were collected on a minute-by-minute
basis during the last 3 min of the initial (baseline) rest period,
and during all 3 min of reaction time and mirror tracing. Of each
minute, 55 sec were used for ensemble averaging. These min-
ute-by-minute values were averaged to form means for each pe-
riod. Data were collected in 10-sec blocks during the 1 min of
the cold forehead task (7 sec of each 10-sec block were ensem-
ble averaged). The six 10-sec blocks during the cold stimulus
were averaged to form a mean for that task.

Blood pressures were recorded at the 5-, 7-, and 9-min mark of
the baseline rest period, and the last two readings were averaged to
form SBP and DBP means, coincident with impedance cardiogra-
phy sampling. Three readings were taken during the reaction time
and mirror tracing task, and these readings were averaged to form
task means. One blood pressure reading, initiated 15 sec into the
icebag application, was taken during the cold forehead task.

Reactivity scores were derived in two ways. For HR, SBP, and
DBP, change scores were computed by subtracting baseline (ini-
tial) resting mean level of a variable from the task mean. Change
scores were then summed across the three tasks. In addition, base-
line levels were used as a covariate for all reactivity change score
analyses. For impedance-derived variables involving vol-
ume-based measures (CO, TPR), the accuracy of absolute levels of
these variables is questionable, and we therefore derived percent
change scores for baseline to task mean for these variables. Percent
change scores were summed across the three tasks.

Data Analyses

To disentangle the effects of race and SES on our variables
of interest, we first conducted multiple regression analyses in
which cognitive bias was regressed onto race, SES (centered),
and the interaction of race and centered SES, as suggested by
Aiken and West (54). Similar analyses were performed for car-
diovascular reactivity. Significant interaction effects were
probed further by examining the associations of SES with cog-
nitive appraisal bias and reactivity for each race separately. For
nonsignificant interactions, analyses with the whole sample
were conducted.
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To assess whether cognitive appraisal bias operated as a
pathway through which SES is associated with cardiovascular
reactivity, we followed Stone’s recommendations for testing sta-
tistical mediation (55). Three criteria must be met for data to be
consistent with a mediational model: (a) the predictor variable
must be associated with the outcome variable, (b) the predictor
variable must be associated with the proposed mediator, and (c)
the magnitude of the association between the predictor variable
and the outcome variable must be substantially reduced when
the proposed mediator is statistically controlled.

Thus, to test the first criterion, we regressed reactivity
change scores onto baseline physiological levels in the first step,
and SES in the second step (or regressed percent change scores
directly onto SES). To test the second criterion, we conducted
correlations of SES with cognitive bias. To test the third crite-
rion, we regressed reactivity change scores onto baseline physi-
ological levels and cognitive bias in the first step, and SES in the
second step. We then examined the difference in percentage
variance accounted for by SES in the equation for Criterion 3
versus Criterion 1, with substantial decreases in variance indi-
cating at least partial mediation. These analyses were conducted
for both family and paternal SES scores at Time 1 (single-ses-
sion analyses).

Longitudinally, we explored whether patterns in cognitive
bias served as a mediator between Time 1 SES and Time 2 reac-
tivity. Mean intensity of cognitive bias over time was calculated
by averaging the hostile appraisal or anger scores across Times 1
and 2. Mediational analyses were conducted as described ear-
lier, except that Time 1 reactivity was added in the first step of
Criteria 1 and 3 as a control variable.

RESULTS

Differences Between Study Completers
and Noncompleters

We first tested whether those participants who completed all
Time 2 measures differed from those who did not on any Time 1
SES, cognitive appraisal bias, or physiological measures. Com-
pleters did not differ from noncompleters in family or paternal
SES (all ts < 1.0, all ps > .5). The two groups also did not differ on
any measures related to ambiguous scenarios (all ts < 1.0, all ps >
.3). However, study completers reported greater anger during
negative stories than study noncompleters, t(193) = 2.45, p <
.025. The two groups did not differ in HR, SBP, or DBP reactivity
at Time 1 (all ts < 1.0, all ps > .3). However, study completers
showed less CO reactivity, t(194) = 2.35, p < .05, and greater TPR
reactivity, t(192) = 2.46, p < .025, at Time 1. These reactivity dif-
ferences are due to the fact that older participants who did not
complete the echocardiogram at Time 1 were not invited back.
When age is controlled, study completers and noncompleters did
not differ in CO or TPR reactivity (ps > .05).

SES of Sample

Family SES at Time 1 averaged 30.92 (SD = 9.76) across
the whole sample (possible range = 8–66). This translates into
parents having, on average, approximately a high school educa-

tion (M = 13.28 for fathers; M = 12.78 for mothers). Fathers, on
average, fell into the category of skilled manual workers, and
mothers, on average, fell into the category of semiskilled man-
ual workers.

At Time 2, family SES averaged 32.06 (SD = 10.30) across
the whole sample. Family SES did not differ across the two
time points, t(87) = 1.73, p > .05. In addition, paternal SES did
not differ from Time 1 to Time 2, t(69) < 1.0, p > .5. However,
African American children in our sample had lower average
family and paternal SES scores, both at Time 1 and Time 2,
compared to White children (ts = 3.22–7.03, all ps < .01). In
addition, those children who did not have a paternal head of
household had lower family SES scores than those who did (ts
= 2.18–6.18, ps < .05). This was because children who lived in
single-parent families were disproportionately African Ameri-
can and came from lower SES households. Because of this dif-
ferential elimination of participants for paternal SES analyses,
all paternal SES analyses described next were repeated substi-
tuting maternal SES scores for missing values when no pater-
nal figure existed. Patterns remained the same, and thus results
are reported next for paternal-only scores.

Single-Session Associations of SES, Cognitive
Appraisal Bias, and Reactivity

No significant Race × SES interactions emerged for any of
the cognitive appraisal bias measures at Time 1. No significant
Race × SES interactions emerged for any of the cardiovascular
reactivity measures at Time 1. Therefore, all Time 1 analyses
were conducted with the entire sample.

Our first hypothesis states that lower SES is associated with
greater cardiovascular reactivity during laboratory stressors.
Across the whole sample, lower family SES was associated with
greater TPR reactivity at Time 1, β = –.17, t(191) = 2.41, p <
.025. In contrast, higher family SES was associated with greater
CO reactivity at Time 1, β = .23, t(193) = 3.25, p < .01 (this is ex-
pected because TPR and CO are inversely related mathemati-
cally). No associations between paternal SES and reactivity
were found. This pattern of results suggests that lower family
SES is associated with greater vascular reactivity and less car-
diac reactivity across the whole sample. All mediational tests for
Time 1 were therefore conducted with TPR reactivity as the de-
pendent measure.

Our second hypothesis states that lower SES is associated
with greater perceptions of hostile intent and anger during ambig-
uous scenarios. Correlations revealed that lower family SES was
associated with greater hostile intent appraisals, r(195) = –.24, p
< .01, and greater anger, r(193) = –.20, p < .01, during ambiguous
stories at Time 1. Lower paternal SES was associated with greater
hostile intent appraisals during ambiguous stories, r(146) = –.24,
p < .01, and greater anger, r(145) = –.21, p < .025, during ambigu-
ous stories at Time 1. Neither family nor paternal SES was associ-
ated with responses to negative stories (see Table 1).

Mediational Tests

Given that lower SES is associated with greater TPR re-
activity and greater cognitive appraisal bias at Time 1, we
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tested cognitive bias as a mediator. The amount of variance in
TPR reactivity that family SES accounts for is 3.0% (R2 = .03,
β = –.17), t(191) = 2.41, p < .025. When hostile intent percep-
tions during ambiguous scenarios are partialled out, the per-
centage of variance in TPR reactivity that SES accounts for
decreases by 33% (R2 changes from .030 to .020). Addi-
tionally, SES is a weaker predictor of TPR reactivity when
hostile intent is controlled, β = –.14, t(188) = 1.93, p > .05.
When anger during ambiguous scenarios is partialled out, the
percentage of variance in TPR that SES accounts for de-
creases by 27% (R2 changes from .030 to .022). However,
SES remains a significant predictor of TPR reactivity when
anger is controlled, β = –.15, t(186) = 2.03, p < .05 (see Table
1). We did not test for mediation with paternal SES because
the TPR relation was not significant. Overall, the analyses are
consistent with the hypothesis that hostile intent and anger
during ambiguous situations partially mediate the relation be-
tween family SES and vascular reactivity. It should be noted
that hostile intent and anger during ambiguous scenarios are
significantly correlated, r(196) = .65, p < .001.

Longitudinal Associations of SES, Cognitive
Appraisal Bias, and Reactivity

Longitudinally, a Race × SES interaction effect emerged for
mean intensity of hostile intent appraisals during ambiguous
scenarios using paternal SES, ∆R2 = .05, F(1, 70) = 4.13, p < .05.
A Race × SES interaction effect also emerged for mean intensity
of anger during ambiguous scenarios using paternal SES, ∆R2 =
.07, F(1, 69) = 4.97, p < .05. Given the significant Race × SES
effects for these cognitive bias measures, longitudinal analyses
were conducted separately by race. In addition, note that cogni-
tive appraisal bias scores from Time 1 to Time 2 were correlated
more highly in African American (r = .24 and .41, p = .12 and
.01, for hostile intent and anger, respectively) than White partic-
ipants (r = –.01 and .25, p = .94 and .08, for hostile intent and an-
ger, respectively).

Mean Intensity of Cognitive Appraisal Bias
Across Time

African Americans

Our first set of hypotheses states that, with respect to longi-
tudinal measures, lower SES at Time 1 is associated with greater
cardiovascular reactivity to laboratory stressors at Time 2, con-
trolling for Time 1 reactivity. Among African Americans, lower
paternal SES at Time 1 was associated with greater SBP reactiv-
ity at Time 2, controlling for both resting SBP at Time 2 and
SBP reactivity at Time 1, β = –.39, t(29) = 3.26, p < .05. This
analysis indicates that the relation between Time 1 SES and
Time 2 reactivity is independent of any association of SES and
reactivity at Time 1. Family SES was not associated with longi-
tudinal reactivity. All longitudinal mediational analyses were
therefore conducted on only SBP reactivity.

Our second set of hypotheses also states that lower SES at
Time 1 is associated with higher mean intensity of hostile intent
appraisals and anger across the two time points in response to
ambiguous scenarios. Among African Americans, lower pater-
nal SES at Time 1 was associated with higher mean intensity of
hostile intent across Times 1 and 2 during ambiguous scenarios,
r(30) = –.55, p < .05. Lower paternal SES at Time 1 also was as-
sociated with higher mean intensity of anger during ambiguous
scenarios across Times 1 and 2, r(29) = –.37, p < .05, and during
negative scenarios, r(29) = –.45, p < .05 (see Table 2). Family
SES was not associated with cognitive bias.

Mediational tests. Given that lower paternal SES at Time 1
is associated with both greater SBP reactivity at Time 2 and
higher mean intensity of cognitive appraisal bias among African
Americans, we tested mean intensity of cognitive bias as a medi-
ator. The amount of variance in Time 2 SBP reactivity that Time
1 SES accounts for is 11.9%, ∆R2 = .119, β = –.39, t(29) = 2.16,
p < .05. When mean intensity of hostile intent during ambiguous
scenarios is partialled out, the percentage of variance in SBP re-

Volume 23, Number 2, 2001 SES and Cognitive Bias 107

TABLE 1
Single-Session Associations at Time 1 Among SES, Social Scenarios Interview Responses, and Cardiovascular Reactivity

Social Scenarios Interview Family SES n Paternal SES n

Ambiguous scenarios
Hostile intent appraisals –.24** 195 –.24** 146
Anger –.20* 193 –.21* 145

Negative scenarios
Hostile intent appraisals –.07 193 .00 144
Anger .05 192 .08 144

β ∆R2

SES–TPR relation –.17* .030

SES–TPR with hostile intent controlled –.14 .020
SES–TPR with anger controlled –.15* .022

Note. SES = socioeconomic status; TPR = total peripheral resistance.
*p < .05. **p < .01.



activity that SES accounts for decreases by 28% (R2 changes
from .119 to .086). Additionally, SES is no longer a significant
predictor of SBP reactivity when hostile intent is controlled, β =
–.38, t(29) = 1.80, p > .05 (see Table 2).

When mean intensity of anger during ambiguous scenarios
is partialled out, the percentage of variance in SBP reactivity
that SES accounts for does not decrease, indicating that high
mean intensity of anger is not a mediator of the relation between
Time 1 SES and Time 2 reactivity. Similarly, when mean inten-
sity of anger during negative scenarios is partialled out, the per-
cent of variance in SBP reactivity that SES accounts for does not
decrease. These analyses suggest that only high mean intensity
of hostile intent appraisals during ambiguous situations mediate
the relation between SES and 3-year increases in SBP reactivity
among African Americans.

Whites

Lower paternal SES at Time 1 was associated with greater
HR reactivity at Time 2, controlling for both resting HR at Time
2 and HR reactivity at Time 1, β = –.29, t(42) = 2.08, p < .05.
Again, this relation between Time 1 SES and Time 2 reactivity is
independent of any association of SES and reactivity at Time 1.
Family SES was not associated with reactivity.

Higher paternal SES at Time 1 was associated with higher
mean intensity of anger only during negative scenarios, r(44) =
.33, p < .05 (see Table 2). Family SES was not associated with
cognitive bias. Given the lack of association of SES and responses
to ambiguous scenarios, no mediational tests were conducted.

DISCUSSION

Our results support the hypothesis that biases in cognitive
appraisal partially mediate the relation between low SES and
heightened cardiovascular reactivity among children and ado-
lescents. We demonstrated that lower SES children are more in-
clined to appraise ambiguous situations as containing hostile in-
tent and, in some cases, to respond with greater anger during

these situations. At Time 1, lower SES was associated with
greater hostile interpretations and anger during ambiguous situ-
ations. In contrast, during negative situations, SES was not asso-
ciated with hostile perceptions or anger. Longitudinally, lower
SES African American children were more likely to have higher
mean intensity of hostile intent and anger during ambiguous
scenarios. Overall, these findings support the notion of low SES
as a factor that predisposes individuals toward cognitive ap-
praisal biases—that is, toward interpreting situations negatively,
based on perceptions of relevance, potential for harm, being the
fault of others, and likely to happen again (the components of
appraisal as described by Lazarus [38]).

Second, the tendency to perceive hostile intent and to expe-
rience anger during ambiguous situations accounted for a sub-
stantial portion of the variability primarily in the longitudinal
SES and reactivity relation among African American children.
Mean intensity of hostile intent appraisals mediated the relation
between Time 1 SES and Time 2 reactivity among African
American children, reducing the percentage of variance in reac-
tivity that SES accounted for by 28%. In contrast, at Time 1, al-
though SES was associated with cognitive bias, associations be-
tween SES and cardiovascular reactivity were weak.
Controlling for cognitive appraisal bias substantially reduced
the percentage of variance in reactivity that SES accounted for;
however, this percentage was quite small (3% at Time 1 com-
pared to 12% longitudinally). Thus it may be that the effects of
both SES and cognitive appraisal biases are cumulative, such
that their impact on reactivity become more pronounced over
time, particularly for African American children.

In exploring the SES and reactivity relation, it becomes ap-
parent that children’s responses during ambiguous, rather than
negative, situations play a key role. This represents a critical dis-
tinction in social information processing styles between
low-SES children and aggressive children. Low-SES children,
because of a tendency to overgeneralize perceptions of threat,
show biased responses when encountering ambiguous outcome
situations (in which the intent of the story character is also am-
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TABLE 2
Longitudinal Associations Among SES, Social Scenarios Interview Responses, and Cardiovascular Reactivity

Social Scenarios Interview White n African American n

Ambiguous scenarios
Mean hostile intent appraisals –.06 44 –.55** 30
Mean anger .16 44 –.37* 29

Negative scenarios
Mean hostile intent appraisals –.03 44 –.07 30
Mean anger .33* 44 –.45* 29

β ∆R2

SES–SBP relationship –.39* .119

SES–SBP with hostile intent controlled –.38 .086
SES–SBP with anger controlled –.53* .196

Note. SES is measured by paternal Hollingshead’s Four Factor Index of Social Status (61). SES–SBP coefficients are for African American participants
only. SES = socioeconomic status; SBP = systolic blood pressure.

*p < .05. **p < .01.



biguous). In contrast, aggressive children, because of a tendency
to utilize aggressive schemata in interpreting social interactions,
show biased responses when encountering negative outcome sit-
uations (with ambiguous intent) (56). Thus, although both
groups of children demonstrate biases in information process-
ing, these biases emerge in different types of social situations
with different implications. Aggressive children, in part because
of these processing biases, display behavioral reactions that are
extreme in proportion to the situation (e.g., beating up another
child because that child accidentally bumped him in line). These
responses often lead the aggressive child to become socially re-
jected by peers (56). Low-SES children, in contrast, appear to
develop a constantly vigilant nature that revolves around pro-
tecting themselves from external threats. This monitoring may
take a physiological toll on the self rather than harming relation-
ships with others. Over time this physiological burden may lead
to health problems such as hypertension and coronary heart dis-
ease, both of which have been associated with low SES in adult-
hood (13,15).

Furthermore, it appears that hostile intent perceptions are a
more potent mediator of the SES and reactivity relation than is
anger during ambiguous scenarios. For example, even though
both mean intensity of hostile intent appraisals and anger were
associated with SES among African Americans, only mean in-
tensity of hostile intent perceptions reduced the magnitude of
the SES and reactivity relation. This suggests that heightened
physiological reactivity exhibited during stressful situations re-
sults from negative cognitive interpretations rather than directly
from negative emotions experienced during the interaction. That
is, it suggests that negative emotions alone are not sufficient to
produce elevated reactivity and may, in fact, have to be accom-
panied by specific negative cognitions about the individual with
whom one is interacting. It is also possible that the scenarios
may have produced negative emotions other than anger (e.g.,
anxiety) and that these other emotions would have been more
relevant to the SES and reactivity relation.

Race Effects

Results supported our hypothesis that SES differences in
cognitive appraisal biases would grow stronger over time in Afri-
can American children. At Time 1, these biases were apparent in
both low-SES African American and White children. However,
over time, it was only low-SES African American children’s bi-
ases that persisted. As described earlier, we believe that these re-
lations may strengthen over time in African American children
due to their experiences with racism and life stressors. Our longi-
tudinal results suggest that experiencing low SES early in life
may set African American children on a trajectory of increasingly
hostile appraisals to ambiguous situations over time.

Measurement of SES

We also found that over time, paternal SES measures were
more strongly linked to cognitive appraisal biases and reactivity
than family SES measures. This research is consistent with SES
and health research among adults, which has demonstrated that
male head of household’s SES is most predictive of health out-

comes (3,57). However, the predictive value of family SES may
increase in the years to come as women’s employment opportu-
nities and salaries become more commensurate with men’s. It
should be noted that the findings with paternal SES are inter-
twined with race, such that longitudinal relations held for pater-
nal SES of African American children. It is unclear whether
family SES measures would be predictive among White chil-
dren for other health outcomes.

Limitations to this study include the measure of only one
potential mediator of the SES and reactivity relation. Other pos-
sible noncognitive mediators such as health behaviors may also
play an important role in this relation. Low SES in childhood
has been associated with lower levels of physical activity and
poor diet, and these factors may impact reactivity to stressors
(7). Future studies could test the respective contributions of sev-
eral classes of mediators in the SES and reactivity relation. A
second important step for future studies would be to examine re-
activity during the social scenarios rather than during separate
laboratory stressors. The fact that relations were found despite
this limitation suggests that the links between SES, cognitive
appraisal bias, and cardiovascular reactivity in children may be
more robust than indicated in our analyses. If so, there could be
important intervention implications. If balanced with a recogni-
tion that such cognitions are adaptive in threatening environ-
ments, interventions that help low-SES children to minimize
such biases in nonthreatening situations may reduce the physio-
logical toll of such cognitions, which may lead to reductions in
risk for cardiovascular disease later in life.

In sum, this is the first study known to date to test children’s
appraisals of and responses to social situations as a mediator of
the relation between SES and cardiovascular reactivity. Our
findings support the model of cognitive appraisal biases as a me-
diator for specific groups of children under certain conditions.
That is, cognitive appraisal bias (hostile intent) was found to be
a mediator of the longitudinal relation between SES and reactiv-
ity among African American children. To the extent that
low-SES African American children show higher average levels
of hostile intent across time, this accounts for increases that they
display in reactivity to stressors over time. Finally, we found that
paternal measures of SES had the most potent influence on Afri-
can American children’s health.
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