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Abstract

Objective: Early life stress (ELS) occurring during childhood and adolescence is an established
risk factor for later cardiovascular disease and dysregulated reactivity to acute social stress.

This study examined whether ELS associations with baseline cardiovascular functioning,
cardiovascular stress reactivity and recovery, and emaotional stress reactivity vary across levels

of emotion-oriented, task-oriented, and avoidant coping styles.

Methods: The sample included 1,027 adolescents and young adults (Mean age 19.29 years; 50%
females; 64% Black, 34% Non-Hispanic White) who reported on their ELS exposure and coping
styles. Participants completed a standardized acute social stress test (the Trier Social Stress Test;
TSST), with heart rate (HR) and blood pressure (BP) measured before, during, and after the TSST.
Self-reports of negative emotions during the TSST indexed emotional stress reactivity.

Results: Multiple regression models adjusting for demographic factors and body mass index
(BMI) showed that ELS was associated with lower HR stress reactivity; avoidant coping was
related to lower SBP and DBP during stress and lower SBP during recovery; and higher emotion-
oriented coping and lower task-oriented coping predicted greater emotional stress reactivity. A
consistent pattern emerged where emotion-oriented coping amplified the associations between
ELS and maladaptive stress responses (blunted cardiovascular stress reactivity and recovery;
enhanced emotional stress reactivity), whereas lower levels of emotion-oriented coping were
associated with resilient profiles among those who experienced ELS (lower resting HR; lower
emotional stress reactivity; average HR and BP stress reactivity and recovery). However, low
levels of emotion-oriented coping also conferred a risk of higher BP during recovery for those
with high levels of ELS.
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Conclusions: These results suggest that low to moderate levels of emotion-oriented coping
promote optimal cardiovascular and emotional reactivity to acute stress among individuals
exposed to ELS.
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Introduction

The ability to appropriately respond to psychosocial stress is at the heart of human health.
Acute stress immediately triggers activation of the sympathetic-adrenal medullary (SAM)
pathway with consequent release of adrenaline and noradrenaline, which in turn stimulate
reactive increases in heart rate (HR) and blood pressure (BP)(1). An appropriate SAM
response to stress is associated with better health outcomes, whereas both exaggerated and
blunted stress reactivity of the SAM system are maladaptive and precede the development
of health problems(2). These relationships were highlighted by a comprehensive review of
47 prospective studies with healthy adults that showed exaggerated cardiovascular stress
responses [i.e., higher elevation of systolic and diastolic blood pressure (SBP, DBP) and
HR] predicted increased cardiovascular disease (CVD) risk over time (e.g., hypertension,
intima-media thickness, coronary artery calcification, and sudden coronary death), whereas
a blunted response to stress was associated with the development of obesity, poor health,
and cognitive and emotional problems(3, 4). In some studies, a blunted HR response also
predicted greater CVD risk, especially in Black individuals(5, 6).

A robust predictor of both CVD risk and cardiovascular (CV) stress response is early life
stress (ELS), defined as adverse and stressful life events experienced during childhood
and adolescence(7). ELS is associated with elevated resting SBP and DBP as early as in
adolescence and young adulthood(8, 9) and serves as a robust risk factor for hypertension
and CVD throughout the lifespan(10, 11). Studies have also found robust associations
between ELS and CV reactivity to acute stress. Paradoxically, most studies show that
adolescents and young adults who experienced higher levels of ELS exhibited fower (i.e.,
blunted) HR and BP reactivity to acute psychosocial stress(8, 12—16). However, a few
studies reported opposite findings, linking ELS with exaggerated DBP stress reactivity in
adolescents(17) and lower resting SBP in young adults(18).

Some of these discrepant findings may be explained by the presence of other risk

or protective factors that amplify or mitigate the relationships between ELS and CV
functioning. For example, two longitudinal studies linked ELS with CVD risk in adulthood
only in individuals who received less supportive parenting as children, but not in those

who received more supportive parenting(19, 20). Although no studies examined moderators
of the links between ELS and CV reactivity to acute stress, recent stressful life events

were more strongly related to blunted SBP stress reactivity in young adults with low
emotional stability and low openness to experience(21). Additionally, recent stressful life
events were related more strongly to blunted HR reactivity to acute stress for young

adults with more close friends(22). Finally, a study with older adults found that ELS was
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associated with a blunted cortisol response to acute stress among individuals with a history
of psychological distress, but with an augmented cortisol stress response among those
without such history(23). These studies suggest that psychosocial factors may modify the
associations between ELS and cardiovascular reactivity to acute stress.

One modifiable psychosocial factor that may alter the impact of ELS on CVD risk

is coping. Coping refers to conscious efforts to regulate one’s behavior, cognitions,
emotions, physiology, and environment in response to stressful events(24). Studies typically
distinguish between engagement coping, such as task-oriented and emotion-oriented coping,
which is directed toward the stressors or related thoughts and emotions, and disengagement
coping, such as avoidance and denial, which involves orientation away from the stressor(25).
In general, task-oriented coping tends to be associated with better health outcomes, whereas
emotion-oriented and avoidant coping are linked with poorer health(26, 27). For instance,
greater use of emotion-oriented coping predicted higher disease severity in cardiac patients
over a 3-month follow up(28). Coping styles are also related to the acute stress response. For
example, task-oriented coping was associated with an exaggerated HR response, whereas
avoidant coping was related to a blunted HR response to acute stress(29). Further, both
avoidant and emotion-oriented coping were related to higher emotional reactivity (i.e., more
negative emotions) to acute stress(30).

Although ELS has been related to less adaptive coping styles (e.g., less task-oriented and
more avoidant coping), there is variability in coping styles utilized by individuals exposed
to similar levels of ELS(31). Thus, coping styles could moderate the associations between
ELS and health outcomes, including stress reactivity. Indeed, one study with young Black
adults found that chronic stress was associated with blunted HR reactivity to stress only for
individuals using high levels of emotion-oriented coping(29), and another study with Black
college students found that both task-oriented and emotion-oriented coping amplified the
relationship between recent stressful events and DBP reactivity to acute stress(32). However,
neither of these studies examining ELS, coping, and acute stress reactivity included CV
functioning (e.g., BP and HR) at rest and during recovery from acute stress to better
understand the roles of ELS and coping in CVD risk.

In this study, we examined whether coping moderates the associations between ELS and
resting BP and HR, as well as cardiovascular and emotional reactivity to acute psychosocial
stress and cardiovascular recovery from acute stress. These relationships were examined in
late adolescence and young adulthood, when links between ELS and CVD risk typically
emerge, and included three types of coping commonly investigated in coping research

— task-oriented coping, emotion-oriented coping, and avoidant coping. Based on prior
research, it was hypothesized that ELS would be associated with higher resting BP; lower
HR and BP reactivity to stress; higher emotional reactivity to stress; and lower HR and

BP during recovery. It was also expected that these relationships would be reduced by high
levels of task-oriented coping and amplified by high levels of emotion-oriented and avoidant
coping.
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This study used a community sample of 1,027 adolescents and young adults (mean age
19.29 years, SD=1.19, range 16 to 23 years; 50.2% females, 64.0% Black, 33.6% Non-
Hispanic White, 2.4% Other race/ethnicity) who participated in Wave 4 of Healthy Passages
conducted in Birmingham, Alabama, between 2012 and 2017(33). Youth were originally
recruited from fifth grade general education classrooms in public schools in Birmingham,
Alabama, using two-stage probability sampling (58% participation rate) in 2004—2006 and
assessed in Waves 1-3 as part of the multi-site Healthy Passages study of adolescent
health(34). Because CV reactivity to stress and coping were only assessed at Wave 4

(which was conducted at the Birmingham site only), data from previous assessments are not
included in this report. Of the 1,594 participants in Wave 1, those included in this report
were more likely to be Black (64% vs. 46%, p<.001) and have lower household income
(M=7.55 vs 9.00, p<.001) than those not included, but the two groups did not differ in sex.

All study procedures were approved by the University of Alabama at Birmingham
Institutional Review Board. After providing informed consent, each participant was
interviewed individually by a trained interviewer using computer-assisted technology. The
first 60 minutes of the interview did not include sensitive or distressing questions; it included
demographic information, academic and occupational history, family relationships, and
leisure time activities. Then, participants completed the Trier Social Stress Test (TSST)(35),
a standardized psychosocial test that reliably elicits strong physiological and psychological
stress responses in both adults and adolescents(36, 37). The standard TSST procedures,
including both speech and math tasks, were followed.

Participants were taken to a different room and asked to sit down in a chair next to a desk. A
wrist cuff from a Vasotrac BP monitor(38) was attached to their non-dominant hand. BP and
HR readings were taken every 30 seconds throughout the TSST, from baseline to recovery.
Participants were asked to keep their wrist with the cuff in the same position on the armrest
and not cross their legs. Then, they were asked to rest for five minutes (baseline) alone in the
room; they could drink water and browse magazines on a table next to their chair.

After the 5-minute baseline, the interviewer returned and introduced the TSST speech and
math tasks. Participants were told that they will give a speech and do some math in front of
two people who will be judging their performance and who are trained in analyzing verbal
and nonverbal signs of stress; they will also be videotaped so other researchers can evaluate
their performance. To motivate effort, participants were asked to do their best on the tasks
and informed that those performing in the top 20% would choose a special prize; the prizes
(e.g., travel mug, nice notebook with a pen) were shown. For the speech task, participants
were asked to imagine that they applied for a job and were invited to present themselves to
the selection committee. They would have 5 minutes to introduce themselves and tell the
committee why they are the best person for the position. Then, they were asked what job
they would like to have and could realistically get right now, and describe the job and its
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duties. Two judges in white coats then entered the room (one Black, one White; one male,
one female), introduced themselves, and provided more detailed instructions for the speech
task, emphasizing the evaluative aspects of the tasks. Participants were given a pen and
paper to prepare for the speech task for the next 5 minutes alone in the room, and told they
would not be able to use the notes during the task.

After the 5-minute preparation period, the judges returned, collected the participants’ notes,
turned on the camera, set down at a table facing the participant from several meters

away, and instructed the participant to begin and speak for the full 5 minutes. The judges
maintained neutral facial expressions and eye contact with the participant, occasionally
taking notes; they did not provide any positive feedback (e.g., smiling, nodding). If the
participants moved their wrist with the cuff or crossed their legs, the judges reminded them
to keep their wrist on the armrest and uncross their legs. If the participants finished talking
early, the judges asked them to continue for the full 5 minutes. After at least 3 minutes of the
task, two prompts to speak for the full 5 minutes, and 10 seconds of silence, the judges asked
one or two questions about the participants” weaknesses, mistakes they made, or conflicts
they have had with bosses or co-workers.

Next, the judges asked the participants to perform a mental arithmetic task for 5 minutes as
quickly and accurately as possible. They explained that if the participants make a mistake,
they will need to start over, and that they will be evaluated on speed, accuracy, and signs of
stress. Participants were asked to start at 996 and serially subtract 13. If they were counting
accurately, they were asked to do it more quickly. If they made a mistake, they were asked to
start over. If participants made 3 mistakes in a row or showed signs of disengagement, they
were given an easier serial subtraction task (e.g., 509 minus 7; then 407 minus 3; etc.). If
the task was judged too easy, a more difficult task would be given (e.g., 2043 minus 17), but
this did not occur in this study. At the end of the 5-minute math task, the judges thanked the
participants, asked them to complete a questionnaire about their experiences with the task,
and rest alone for a 5-minute recovery period.

After the 5-minute recovery period, the interviewer removed the wrist cuff and congratulated
the participants on completing the tasks. The judges returned, provided positive feedback
and debriefing, and invited the participants to ask any questions about the tasks. Each
participant then selected one of the special prizes and was taken back to the interview room
to finish the individual interview.

At the end of the interview, participants’ height was measured using a portable stadiometer
and recorded to the nearest 0.1 cm. Weight was measured using a portable electronic scale
and recorded to the nearest 0.01 kg. Two height and weight measurements were taken and if
they differed by > 0.5 cm for height or > 0.5 kg for weight, a third measurement was taken.
The average of the two closest values was used to compute body mass index (BMI).

Early life stress (ELS).—Using an adapted version of the Adolescent Life Change Event
Scale(39), participants were asked whether they had experienced each of 26 stressful life
events in their lifetime. The items included events happening both to the participants and
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their parents or family members, including relationship problems, financial problems, job
loss, parental separation or divorce, trouble with the law, incarceration, crime victimization,
serious illness or death, natural disasters, military service, and military deployment to a
combat zone. Responses were coded on a 3-point scale of ‘Never’ (0), ‘More than 1 year
Ago’ (1), and ‘During the last 12 months’ (2) and averaged for a continuous ELS score. For
sensitivity analyses, the items were separated into five subscales — death (4 items), illness (5
items), interpersonal (8 items), criminal (4 item), and financial/job/other (6 items)(40, 41).

Coping.—Coping styles were measured with self-report on the Coping Inventory for
Stressful Situations (CISS)(42). Participants were asked how often they engage in each
of 48 activities when they encounter a difficult, stressful, or upsetting situation. The items
comprise three 16-item subscales of task-oriented coping (e.g., analyze the situation, try
to solve the problem, get organized), emotion-oriented coping (e.g., blame myself, feel
anxious, get angry), and avoidant coping (e.g., do other things, get together with other
people). The items were rated on a 5-point scale from ‘Do not use at all” (1) to ‘Use very
much’ (5) and were averaged to create the subscales of emotion-oriented coping (a=.86),
avoidant coping (a.=.82), and task-oriented coping (a=.89).

CV reactivity to stress.—Before the baseline TSST period started, a wrist cuff from

a Vasotrac BP monitor(38) was attached to each participant’s non-dominant hand. HR
and BP were recorded every 30 seconds during the 5-minute baseline, 5-minute speech
task, 5-minute math task, and 5-minute recovery periods. Screening of individual values
revealed a small number of failed readings (<0.25%). Out of range values (HR <38 or
>230; SBP <58 or >250; DBP <38 or >145)(43, 44) were recoded to missing (1.43%

of values). Baseline levels of HR and BP were then computed as the average of the last
two baseline measurements (to allow participants to achieve a true baseline). The 10 HR
and BP measurements taken during each period (speech, math, recovery) were averaged.
Because the values were strongly correlated between the speech and math periods (r=.78
to .81, p<.001), these two were averaged. Finally, stress reactivity and recovery reactivity
were computed by subtracting the baseline average from the stress (speech, math) average
and recovery scores for HR, SBP, and DBP, respectively. For sensitivity analyses, stress
reactivity was computed by subtracting the baseline average from average HR, SBP, and
DBP during the 5-minute preparation period.

Emotional reactivity to stress.—A self-report questionnaire was administered
immediately after the TSST to assess participants’ emotional reactivity to psychosocial
stress. Participants were asked to rate their reactions to the speech and math tasks on a
scale ranging from 1 (Not at all) to 5 (Mery much). Nine items indexing negative emotional

reactivity to stress (e.g., “During the tasks, | felt upset”, “angry”, “ashamed”, “irritated”,
“hostile™) were averaged (a=.89).

Covariates.—Covariates included age (computed from date of birth and date of interview),
self-reported sex (male, female) and race (Black, White, Other), BMI, and childhood family
SES, computed as parent-reported household income in Wave 1 (average age 11) divided by
poverty threshold for a household of the given size in the year of data collection.
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Data Analyses

Descriptive statistics and bivariate correlations among all variables were examined.
Responders to the TSST were classified as those with 10% or greater increase in HR,

SBP, or DBP from baseline to the TSST speech and math tasks. Independent samples t-tests
evaluated differences between TSST responders and non-responders in ELS, coping, and
emotional reactivity.

Main analyses of the effects of ELS and coping on cardiovascular functioning and stress
reactivity included three multivariate hierarchical linear regressions conducted in Mplus,
using Full Information Maximum Likelihood to utilize all available data (N=1,027) and
minimize bias from missing data (0.69% of data points were missing, primarily from
family SES). The first model included resting HR, SBP, and DBP as outcomes. The

second model predicted HR, SBP, DBP, and emotional reactivity to stress. The third model
included HR, SBP, and DBP recovery reactivity. In each of these models, Step 1 included
all covariates (age, sex, race/ethnicity, BMI, and childhood family SES), ELS, and the
three coping variables (task-oriented, emotion-oriented, and avoidant coping). Step 2 added
interactions between ELS and each coping variables. Significant interactions were followed
by visualization of the continuous ELS effects on the outcomes estimated at high and low
levels of coping (1 SD above and below the sample mean) using coefficients from the full
regression model. Additionally, tests of regions of significance identified levels of coping at
which ELS became significantly related to the outcome and the values of the ELS slopes

at those levels of coping. Compared to more traditional simple slope tests which would test
the significance of the ELS simple slopes at specific levels of coping (e.g., 1 SD below

or above the mean), regions of significance are recommended by current methodological
literature because they provide more detailed information (i.e., they identify the full regions
of significance across the range of coping instead of testing significance at a few specific
levels of coping) (45). Post-hoc power for significant effects of interest was computed with
GPower 3.1.

Four sets of sensitivity analyses were conducted. First, multigroup modeling tested sex
differences in the links between ELS, coping, and all outcomes. Specifically, for each

of the three main models, a likelihood ratio test compared a model where all paths

were constrained to be equal between males and females to a model where the main

and interactive effects of ELS and the three coping variables were free to vary by sex.

A significant test was followed by comparisons of the fully constrained model with a

model where only one path at a time was freed to vary by sex. The second sensitivity
analysis examined whether the cardiovascular stress reactivity results replicated during the
preparation period before the speech task began. The third analysis tested replication across
the speech and math tasks of the TSST. Instead of combining HR, SBP, and DBP across the
speech and math portions of the TSST, they were analyzed separately for the speech task and
the math task (one model for each). The final sensitivity analysis explored whether the main
results replicate across different types of ELS. The three main models were rerun for each
type of ELS — death, illness, interpersonal, criminal, and financial/job/other.
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Results

Sample Characteristics and Preliminary Analyses

The sample included 1,027 participants with mean age 19.29 years, SD=1.19; 50.2%
females; 64.0% Black, 33.6% Non-Hispanic White, and 2.4% Other race/ethnicity. Average
BMI was 26.65 (SD=7.62); the average ratio of age 11 household income to federal poverty
threshold was 2.60 (SD=2.80). Descriptive statistics and correlations among key variables
are shown in Table 1. The TSST elicited robust increases in HR, SBP, and DBP (16% to
22% over baseline) and moderate levels of negative emotional reactivity; 91% of participants
were classified as responders based on 10% or greater increase in HR, SBP, or DBP. Results
of £tests indicated that responders had lower levels of ELS than non-responders (A#=0.46
vs. 0.57, (1025)=3.98, p<.001, Cohen’s ¢=0.40), but the two groups did not differ in coping
styles or emotional reactivity to the TSST (p=.099 to .98). Bivariate correlations revealed
that higher ELS was associated with more emotion-oriented and avoidant coping, higher
baseline SBP, lower HR and SBP stress reactivity, less elevated HR during recovery, and
higher emotional stress reactivity. Emotion-oriented and avoidant coping were associated
with greater emotional reactivity to acute stress. Avoidant coping was also related to lower
SBP and DBP stress reactivity and less elevated SBP during recovery. Task-oriented coping
was associated with lower baseline HR, and emaotional stress reactivity was associated with
lower SBP and DBP stress reactivity. All of these correlations had small effect sizes.

Main Analyses

Standardized coefficients from the multivariate hierarchical regression models predicting
CV baseline, stress reactivity, and stress recovery are presented in Tables 2, 3, and 4,
respectively. After adjusting for covariates, ELS predicted lower HR reactivity to acute stress
(Table 3). Emotion-oriented coping predicted higher emotional stress reactivity, whereas
task-oriented coping predicted lower emotional stress reactivity and higher DBP during
recovery. Avoidant coping predicted lower SBP and DBP reactivity to stress, as well as
lower SBP during recovery. In Step 2, emotion-oriented coping interacted with ELS to
predict baseline HR, all three indicators of CV stress reactivity, emotional reactivity to
stress, and SBP and DBP recovery. All significant effects were of small magnitude. Post-hoc
power for significant main effects of ELS and coping ranged from 0.64 to 0.99 (average
0.79). The post-hoc power for detecting the significant ELS by emotion-oriented coping
interactions ranged between 0.47 and 0.86 (average 0.66).

The significant interactions are visualized in Figures 1 and 2. Follow up analyses indicated
that ELS was significantly associated with lower baseline HR at low levels of emotion-
oriented coping (0.68 SD below the mean and lower, B< -4.92, p<.05; Figure 1). At very
high levels of emotion-oriented coping, ELS was related to higher baseline HR (3.03 SD
above the mean or higher, B> 11.31, p<.05). For all CV stress reactivity outcomes, ELS
was significantly associated with lower reactivity above specific levels of emotion-oriented
coping (for HR above 0.29 SD below the mean, B < —4.58, p<.05; for SBP above 1.10

SD above the mean, B< -8.46, p<.05; and for DBP above 0.86 SD above the mean, B<
-4.51, p<.05; Figure 2). Additionally, ELS was associated with higher levels of DBP stress
reactivity at low levels of emotion-oriented coping (1.21 SD below the mean or lower, B
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> 6.05, p<.05). Finally, ELS was related to higher emotional stress reactivity at very high
levels of emotion-oriented coping (above 3.14 SD above the mean, 8= 0.91, p<.05) and
lower emotional stress reactivity at low levels of emotion-oriented coping (below 2.29 SD
below the mean, B< -0.76, p<.05; Figure 2).

During recovery, ELS was significantly associated with higher SBP and DBP at low levels
of emotion-oriented coping (SBP: below 1.85 SD below the mean, B> 11.32, p<.05; DBP:
below 1.20 SD below the mean, B= 6.90, p<.05). At high levels of emotion-oriented coping,
ELS was related to lower SBP and DBP during recovery (SBP: above 1.39 SD above the
mean, B< -8.18, p<.05; DBP: above 2.10 SD above the mean, B< -9.01, p<.05; Figure 1).

Sensitivity Analyses

The first set of sensitivity analyses used multigroup modeling to test sex differences in the
main and interactive effects of ELS and coping on all outcomes. The stress reactivity model
had to be split into two models for cardiovascular vs. emotional reactivity outcomes due to
nonconvergence. The three models with cardiovascular outcomes (baseline, stress reactivity,
and recovery reactivity) did not show any sex differences (X2(21) >24.43, p=.26). The
model predicting emotional stress reactivity demonstrated sex differences (X2(7) =25.91,
p<.001). Follow up tests of specific paths revealed a sex difference in the link between
avoidant coping and emotional stress reactivity (X2(1) =4.73, p=.030), which was positive
in females (B = .14, p=.002) and non-significant in males (B = .01, p= .76).

In the second sensitivity analyses, the multivariate regression predicted CV reactivity during
the preparation period. There were no main effects of ELS or coping, but the interaction of
ELS with emotion-oriented coping replicated for SBP and DBP preparation reactivity (B =
-.07, p= .041 and B = -.07, p=.020).

The third set of sensitivity analyses repeated the multivariate regressions predicting CV
reactivity to acute stress separately for the speech and math tasks of the TSST. The main
effect of ELS on lower HR stress reactivity replicated across both speech and math tasks, but
the interactions between ELS and emotion-oriented coping were only significant (0<.05) for
CV reactivity (HR, SBP, and DBP) during the speech task and not during the math task. This
may have been due to generally higher stress reactivity during the speech task compared

to the math task [HR: M=16.08 vs. 12.33, {1022)=8.81, p<.001; SBP: M=20.28 vs.

18.21, (1022)=1.56, p=.12; DBP: M=13.39 vs. 12.47, {1022)=2.29, p=.022]. Additionally,
emotion-oriented coping was associated with higher HR and SBP stress reactivity during the
speech task (=.09, p=.006; p=.07, p=.034) but not during the math task, and task-oriented
coping was related to higher HR stress reactivity during the speech task (f =.07, p=.020) but
not during the math task.

The final set of sensitivity analyses repeated all models with specific subtypes of ELS
(death, illness, interpersonal, criminal, and financial/job/other). In the model predicting
baseline HR and BP, the significant interaction of ELS with emotion-oriented coping
replicated for illness and interpersonal stressors. Additionally, an interaction between
criminal stress and avoidant coping predicted baseline HR (B =—.07, p=.047). In the model
predicting stress reactivity, the main effect of ELS on lower HR stress reactivity replicated
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for death, interpersonal, and criminal stressors. The interaction between ELS and emotional
coping replicated as follows: with illness stress for HR stress reactivity; with interpersonal
and financial stress for SBP stress reactivity; with illness, interpersonal, and financial/job/
other stress for DBP stress reactivity; and with death-related stress for emotional reactivity.
In the last model predicting CV recovery, the interaction between ELS and emotion-oriented
coping replicated for interpersonal and financial/job/other stressors for both SBP and DBP,
and for illness-related stress for DBP. A new main effect of interpersonal stress emerged

for predicting lower HR in recovery (B =—.08, p=.009), and a new interaction emerged
between criminal stress and task-oriented coping predicting DBP during recovery (p =.08,
p=.007). In sum, across the seven ELS by emotion-oriented coping interaction effects
significant in the main analyses, five replicated for interpersonal stress, four replicated for
each illness-related and financial/job/other stress, one replicated for death-related stress, and
none replicated for criminal stress.

Discussion

This was the one of the first studies to examine coping as a moderator of associations
between ELS, baseline CV functioning, and reactivity to acute stress, including recovery
from stress. The results replicated previous findings of ELS being associated with blunted
HR stress reactivity in healthy adolescents and young adults(12-16), as well as links
between coping and stress reactivity(29, 30). However, the present results also showed
that the relationships between ELS, resting HR, and stress reactivity and recovery varied
across levels of emotion-oriented coping typically employed to deal with stress. Specifically,
ELS was only related to greater emotional reactivity, blunted HR, SBP, and DBP reactivity
to stress, and lower SBP and DBP during recovery among individuals who frequently
utilized emotion-oriented coping to deal with stress. These results suggest that emotion-
oriented coping amplifies the adverse effects of ELS on heightened emotional reactivity
and inadequate cardiovascular mobilization in response to acute stress. By contrast, among
young people who did not frequently utilize emotion-oriented coping, ELS was associated
with average HR and SBP response to acute stress, lower emotional reactivity to stress,
and lower resting HR, but also higher DBP during stress and higher SBP and DBP during
recovery. These results suggest that the ability to refrain from emotion-oriented coping
may support cardiovascular and emotional resilience during acute stress in individuals who
experienced ELS. However, low levels of emotion-oriented coping also confer risk for
individuals with high levels of ELS exposure, who evidenced higher DBP reactivity to
acute stress and higher BP during recovery compared to those with lower ELS. Sensitivity
analyses showed that the main findings did not vary by sex; that emotion-oriented coping
amplified the ELS effect on reduced BP mobilization also during the preparation period;
that the cardiovascular stress reactivity results were mainly driven by the first speech task
instead of the second math task; and that the results replicated most consistently across
interpersonal, illness-related, and financial/job types of ELS.

Partially consistent with prior studies of adolescents and young adults(8, 9), ELS was
correlated with elevated resting SBP in this study, although this relationship was of small
magnitude and was no longer significant after adjusting for demographics, BMI and coping
in the multivariate model. Although rarely conducted, longitudinal studies found that the
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effects of ELS on BP become more pronounced with increasing age in young adulthood (in
20’s and 30’s)(9, 46), suggesting that the present cohort may have been too young to detect
meaningful associations between ELS and resting BP. Although the mechanisms linking
ELS with elevated CVD risk have not been fully elucidated, studies with adolescents and
young adults show that ELS is linked with vascular dysfunction, as well as oxidative stress
and endothelin pathways, that may contribute to hypertension and cardiovascular risk as
individuals age(47-49).

ELS was also correlated with blunted HR and SBP stress reactivity, lower HR during
recovery, and higher emotional reactivity to acute stress. These associations were also of
small magnitude. After adjusting for covariates, ELS only showed a unique association

with lower HR stress reactivity, in line with a number of prior studies with adolescents

and young adults(12, 13, 15, 16). Although a blunted CV response to stress has been
traditionally viewed as protective for health, more recent research has linked it with the
development of poor health outcomes, including obesity, self-reported poor health, and
cognitive and emotional problems(3). Blunted HR response also preceded increased CVD
risk, especially in Black individuals(5, 6). Thus, a blunted CV response to stress may reflect
a dysregulated stress response system(7) arising from habituation to stress following chronic
stress exposure during development.

Importantly, the relationships between ELS and reactivity to stress, as well as resting HR,
varied across levels of emotion-oriented coping that individuals typically utilized to deal
with stress. Specifically, ELS was associated with blunted reactivity to acute stress across
HR, SBP, and DBP only when individuals utilized above average levels of emotion-oriented
coping. At high levels of emotion-oriented coping (1.39 to 3.14 SD above the mean),

ELS also became related to higher resting HR, greater emotional reactivity to stress, and
lower SBP and DBP during recovery. Findings of this study extend previous results linking
chronic stress with blunted HR stress reactivity only at high levels of emotion-oriented
coping in Black young adults(29) to a broader range of cardiovascular outcomes (i.e., HR,
SBP and DBP) in a racially diverse sample. The results are also consistent with a prior
study finding that negative life events were associated with blunted SBP stress reactivity
for individuals with low emotional stability(21). However, the results contrast with a report
that linked recent stress with Aigher DBP stress reactivity at high levels of emotion-oriented
coping in Black college students(32). Taken together, these findings suggest that under high
levels of emotion-oriented coping, chronic or early life stress downregulate but recent stress
upregulates BP responses to acute stress.

By contrast, individuals who experienced ELS but used low (below average) levels of
emotion-oriented coping evidenced resilient patterns of functioning at rest and during acute
stress, marked by lower resting HR, lower emotional reactivity to stress, and average HR
and SBP stress reactivity. However, ELS was also associated with higher DBP during

stress and higher SBP and DBP during recovery among these individuals, suggesting that
low levels of emotion-oriented coping may be protective during acute stress but may not
prevent delayed blood pressure increase after the acute stress abates. Collectively, the
pattern of these moderating effects indicates that high levels of emotion-oriented coping
potentiate ELS effects on emotional reactivity and blunted cardiovascular response, whereas
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low levels of emotion-oriented coping help ELS-exposed individuals cope with acute
stress temporarily, with delayed blood pressure increase when acute stress terminates. In
this context, average levels of emotion-oriented coping may be most adaptive for young
people who experienced ELS, as they were accompanied by normative emotional and
cardiovascular responses to stress and cardiovascular stress recovery. Various interventions
help individuals develop more flexible ways of coping and employ optimal levels of
emotion-oriented coping, including mindfulness-based(50, 51) and cognitive-behavioral
stress management and emotion-regulation interventions(52, 53). In addition to traditional
individual or group therapy sessions, these evidence-based intervention strategies are

now easily accessible through many publicly available free or paid apps targeting stress
management or mindfulness(54-56).

Importantly, the effects of ELS and coping on cardiovascular functioning did not vary

by sex, despite evidence for sex differences in stress, coping, and physiological processes
relating stress to cardiovascular risk(57-59). It is possible that sex differences in some of

the studied relationships emerge later in life or are modified by other risk or protective
factors that will need to be elucidated by future research (e.g., social support, psychological
distress, risky health behaviors). Only one sex difference emerged in this study of avoidant
coping being related to emotional stress reactivity in females but not males, in line with
other research suggesting sex-specific associations between distinct coping styles and mental
health(60).

Sensitivity analyses also indicated that the majority of interactive effects of ELS with coping
on cardiovascular stress reactivity only replicated for the speech task and not the math task.
This could be explained by greater stress reactivity experienced during the speech task,
either because it was administered first or because it was inherently more stressful than

the math task. Future studies that randomize the order of these two tasks will be able to
disentangle these possibilities.

Finally, sensitivity analyses pointed to some types of stressors being more relevant to

stress reactivity. Specifically, most robust effects were observed for interpersonal, illness-
related, and financial/job/other types of stress. These results are consistent with a recent
review summarizing decades of research on stressful life events and health, revealing that
stressful events that threaten aspects of individuals’ core identity are most harmful to health;
these events typically take the form of interpersonal problems, loss of social status, and
employment difficulties(58). Indeed, many of the interpersonal events assessed in this

study (feeling rejected, frequent conflicts, break ups, losing friends) may elicit sense of
rejection, which is more strongly linked to poor health outcomes compared to other forms
of interpersonal stress(58, 61). Likewise, experiencing serious illness in oneself, family
members, and close friends and relatives confronts young people with mortality that may
threaten their sense of self and alter their life trajectories(62). Finally, job/financial/other
stressors in this study involved experiences of self or parent losing a job, financial stress,
military employment and deployment, and natural disaster. These stressful experiences
threaten individuals’ identities and financial security, and have been robustly associated with
poorer health in prior work(58, 63). By contrast, this study found less robust effects for
stressful events related to death (of close relatives and friends) and criminality (self or parent
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being in jail, crime victimization), which may occur relatively less frequently and may exert
less chronic stress compared to interpersonal, financial, and illness-related stressors.

The interaction effects had small effect sizes (absolute values of standardized regression
coefficients between .06 and .09), as would be expected for complex phenotypes and
psychological research in general(64). Nevertheless, many of the associations between ELS
and stress reactivity were of meaningful magnitude at high or low levels of emotion-oriented
coping (e.g., at levels of emotion-oriented coping where ELS became significantly related
to the outcomes based on regions of significance tests). For example, at high levels of
emotion-oriented coping (0.86 to 2.10 SD above the mean), individuals with maximum ELS
scores were estimated to have 10 points lower SBP and 5 to 11 points lower DBP during
stress and recovery compared to those with minimum ELS scores, respectively. Similarly,

at low levels of emotion-oriented coping (1.85 to 1.21 SD below the mean), individuals
with maximum ELS scores were estimated to have 7 points higher DBP during stress,

as well as 13 points higher SBP and 8 points higher DBP during recovery compared to
those with minimum ELS scores. Given that the effects of ELS on cardiovascular risk only
increase across the lifespan and may not become apparent until the late 20°s(9, 46), small
effect sizes would be expected in late adolescence and emerging adulthood. However, these
small effects may increase in magnitude with increasing age and progressing cardiovascular
dysfunction(65).

Regardless of ELS levels, emotion-oriented coping was a unique predictor of greater
emotional reactivity to stress, consistent with the emotionally reactive nature of this style of
coping. By contrast, task-oriented coping was uniquely related to lower emotional reactivity
to stress but also higher DBP during recovery, perhaps reflecting prolonged arousal from
active coping. Finally, avoidant coping was a unique predictor of lower SBP and DBP during
stress and lower SBP during recovery, likely reflecting disengagement from the stress tasks.
These results extend previous findings linking task-oriented coping and lower avoidant and
emotion-oriented coping with more adaptive stress responses(29, 30) and support the need
for more research on the role of coping in CV reactivity to acute stress.

Together, these results suggest that reducing emotion-focused coping in young people
exposed to ELS may mitigate the detrimental effects of ELS on blunted CV stress reactivity
and subsequent poor health outcomes. However, very low levels of emotion-oriented

coping may also be harmful by potentiating ELS effects on increased BP during and

after stress. Thus, the best intervention goal may be the acquisition of various coping
strategies and their flexible use in different stressful situations, while avoiding extreme

use or non-use of emotion-oriented coping. Several types of psychological interventions
effectively improve emotion regulation and reduce high levels of emotion-oriented coping.
For example, 10 sessions of cognitive-behavioral therapy reduced emotion-oriented coping
in adolescents and young adults with depression and substance use(66), and a three-week
internet-administered mindfulness intervention produced large effects in reducing emotion-
oriented coping and decreasing stress in college students(67). Research shows that internet-
delivered psychological interventions are equally effective as traditional face to face therapy,
but can be more accessible and practical(68, 69). Thus, young people who have experienced
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ELS may benefit from cognitive-behavioral or mindfulness-based therapies to adjust their
coping styles that may be administered over the internet.

In addition to the numerous strengths of this study, some limitations need to be
acknowledged. First, ELS was assessed retrospectively and thus may be subject to recall
bias. However, we expect this would have biased our findings toward the null hypothesis due
to underreporting of ELS exposure. Second, the measure of ELS did not include some types
of stressors, such as racial discrimination, that may be especially salient for Black and other
racial/ethnic minority individuals. It also did not assess perceived severity of the stressful
events. Third, coping was assessed through a self-report of generally used coping strategies,
which may also contain some elements of bias. Although emotion-oriented and task-oriented
coping match well with coping strategies used to deal with specific recent stressors(70),

the coping strategies used during the acute stress manipulation were not measured. Next,
some differential attrition occurred in the larger longitudinal study, with the current sample
including more individuals who were Black and from lower-income households. Thus,

the results may be less generalizable to people who are from more affluent backgrounds,
non-Black, or from other geographic or cultural settings than those used in this study.
Finally, perceptions of threat were not directly assessed during the TSST and this study did
not measure vascular dysfunction or physiological pathways that may link ELS with CVD
risk.

Conclusions

In conclusion, this study identified emotion-oriented coping as a potentially malleable
moderator that was associated with blunted CV reactivity to acute stress among young
people who previously experienced ELS. By contrast, low levels of emotion-oriented coping
were associated with resilient profiles among those exposed to ELS, including lower

resting HR, reduced emotional reactivity to acute stress, and average CV reactivity and
recovery in response to acute stress. Although not directly addressed by this study, these
results suggest that psychosocial interventions that reduce emotion-oriented coping (e.g.,
cognitive-behavioral or mindfulness-based therapies) may help normalize the CV stress
response system in young people with a history of ELS, and in turn prevent long-term health
problems in these individuals. Future studies would benefit from measuring a broader set

of ELS, including racial discrimination and pandemic-related stress, throughout childhood
and adolescence to represent the cumulative presence of ELS with more accuracy, assess
coping used during the acute stress induction, and include measures of vascular dysfunction
and related physiological pathways to better understand the links between ELS, coping, and
CVD risk. Future research should also evaluate the impact of interventions aiming to reduce
emotion-focused coping on acute stress reactivity in individuals exposed to ELS.
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Figure 1.
Emotion-oriented coping modifies the effects of ELS on resting HR and change in BP from

baseline to recovery.

Note: The x-axis depicts the full range of ELS scores; high and low emotion-oriented coping
are depicted at 1 SD above and below the mean based on results of the regression model
with continuous ELS and coping variables.
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Figure 2.
Emotion-oriented coping modifies the effects of ELS on cardiovascular and emotional

reactivity to acute stress.

Note: The x-axis depicts the full range of ELS scores; high and low emotion-oriented coping
are depicted at 1 SD above and below the mean based on results of the regression model
with continuous ELS and coping variables.
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