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Background: Optimism has been shown to be positively associated with better

cardiovascular health (CVH). However, there is a dearth of prospective studies showing

the benefits of optimism on CVH, especially in the presence of adversities, i.e.,

psychosocial risks. This study examines the prospective relationship between optimism

and CVH outcomes based on the Life’s Simple 7 (LS7) metrics and whether multilevel

psychosocial risks modify the aforementioned relationship.

Methods: We examined self-reported optimism and CVH using harmonized data

from two U.S. cohorts: Multi-Ethnic Study of Atherosclerosis (MESA) and Jackson

Heart Study (JHS). Modified Poisson regression models were used to estimate the

relationship between optimism and CVH using LS7 among MESA participants (N =

3,520) and to examine the relationship of interest based on four biological LS7 metrics

(body mass index, blood pressure, cholesterol, and blood glucose) among JHS and

MESA participants (N = 5,541). For all CVH outcomes, we assessed for effect measure

modification by psychosocial risk.

Results: AmongMESA participants, the adjusted risk ratio (aRR) for ideal or intermediate

CVH using LS7 comparing participants who reported high or medium optimism to those

with the lowest level of optimism was 1.10 [95% Confidence Interval (CI): 1.04–1.16]

and 1.05 (95% CI: 0.99–1.11), respectively. Among MESA and JHS participants, the

corresponding aRRs for having all ideal or intermediate (vs. no poor) metrics based on

the four biological LS7 metrics were 1.05 (0.98–1.12) and 1.04 (0.97–1.11), respectively.

The corresponding aRRs for having lower cardiovascular risk (0–1 poor metrics) based on

the four biological LS7 metrics were 1.01 (0.98–1.03) and 1.01 (0.98–1.03), respectively.
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There was some evidence of effect modification by neighborhood deprivation for the LS7

outcome and by chronic stress for the ideal or intermediate (no poor) metrics outcome

based on the four biological LS7 metrics.

Conclusion: Our findings suggest that greater optimism is positively associated with

better CVH based on certain LS7 outcomes among a racially/ethnically diverse study

population. This relationship may be effect measure modified by specific psychosocial

risks. Optimism shows further promise as a potential area for intervention on CVH.

However, additional prospective and intervention studies are needed.

Keywords: optimism, resilience, psychosocial factors, effect measure modification, cardiovascular health (CVH)

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death

in men and women, and in most racial/ethnic groups in the

United States (U.S.) (1). In 2018, the prevalence of CVD in
the U.S. was highest among White non-Hispanic adults (2).

However, the mortality rate among Black non-Hispanic adults

was higher than White non-Hispanic adults and was almost
2-fold higher than Hispanic adults (3). These racial/ethnic
health disparities are shaped by structural racism that negatively
impacts the social determinants of health (4), resulting in greater
exposures to psychosocial risks and engagement in adverse health
behaviors related to CVD (5–10).

To improve an individual’s cardiovascular health (CVH) and
reduce and prevent CVD incidence and mortality, the American
Heart Association proposed Life’s Simple 7 (LS7) (11). CVH
is determined by LS7 metrics that consist of three behavioral
(smoking, physical activity, diet) and four biological factors (body
mass index (BMI), blood pressure (BP), total cholesterol, and
fasting glucose) (11). This measure, which can be categorized into
ideal, intermediate, or poor CVH for each indicator or the sum
total of LS7 metrics, has been examined in various studies and
shown to be a strong independent marker for CVD outcomes
(12–14). Specifically, there is growing evidence based on several
longitudinal and meta-analytic studies of CVH that show the
relationship between higher CVH scores and lower risk of CVD
and mortality (12, 15–20).

Psychosocial risks may also affect CVH and contribute to
observed racial/ethnic disparities (6, 7). Psychosocial risk has
been defined as social or psychological factors that negatively
influence health (21). Prior work suggests that psychosocial
risks at multiple levels, such as experiencing chronic stress
(individual-level), discrimination (interpersonal-level), and low
neighborhood socioeconomic position (SEP), are associated
with poor CVH outcomes (5–7), disproportionately impact
racial/ethnic minorities like African American or Black adults,
and are important to address in order to improve CVH
(22). However, compared to psychosocial risks, resilience
may be protective and a more readily malleable intervention
target for improving CVH and reducing related racial/ethnic
disparities (23–29).

Resilience is defined as an individual’s ability to overcome
and positively adapt to adversities to reduce the harmful effects

of adverse situations on health and development (30, 31).
Individuals can utilize resilience resources at multiple levels,
for example, at the individual, interpersonal, or neighborhood
level (32). Furthermore, conceptual frameworks such as the
Reserve Capacity Model posit that resilience resources help
individuals adapt to the adverse effects of threats to CVH
(33, 34). This hypothesis is supported by a recent systematic
review and meta-analysis (35). In particular, greater individual-
level resilience resources are associated with lower adverse
CVD outcomes. These encouraging results may be due to
individual-level resilience resources operating through indirect
pathways that may increase healthy behaviors and reduce adverse
CVD outcomes when individuals are exposed to psychosocial
risks (28).

Optimism, which can be defined as an individual’s positive
mindset with beliefs or expectations that good things will happen,
is a potentiallymodifiable individual-level resilience resource that
may affect CVH (36, 37). Optimism may positively impact CVH
through biobehavioral mechanisms; for example, an optimistic
individual may use more adaptive coping strategies to overcome
adversities and have reduced inflammation and improved blood
pressure to enhance cardiovascular functioning (22, 38–40). A
limited number of cross-sectional studies have demonstrated
a positive relationship between optimism and ideal CVH. For
instance, cross-sectional data from the Multi-Ethnic Study of
Atherosclerosis (MESA) showed that participants in the highest
quartile of optimism were more likely to have ideal CVH
when compared to the least optimistic group. In another cross-
sectional study in the Hispanic Community Health Study/Study
of Latinos (HCHS/SOL), higher individual optimism levels were
associated with higher CVH scores (38). In one longitudinal
study among Black and White adults in the U.S., optimism
was positively associated with better CVH over time (41). Thus,
individual-level resilience resources, such as optimism, have the
potential to be an effective intervention target in improving CVH
(37, 40–42).

Currently, there are several research gaps in the literature
on optimism and CVH. First, the link between optimism and
individual components of LS7, such as smoking or physical
activity, has been documented (26, 41, 42). However, there
is a lack of studies that examine the composite LS7 measure
prospectively. Second, most studies on optimism have not been
conducted in populations that include racial/ethnic minorities
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despite some racial/ethnic minorities experiencing a considerable
burden of CVD (1–3). Third, psychosocial risks, such as stress
and discrimination associated with poor CVH (5–7), may differ
across populations. For example, Black non-Hispanic adults and
people in low socioeconomic positions (SEP) experience more
psychosocial risks compared to other groups (43–45). These
differences in psychosocial risks may result in differences in
the benefits of resilience resources across populations. However,
most optimism research in the context of CVH has not assessed
for effect measure modification by psychosocial risks, one at a
time, at the individual, interpersonal, or neighborhood level.

Given the previously mentioned gaps in the literature, the
objective of this study is to examine the relationship between
optimism and ideal CVH prospectively, where composite LS7
metrics will measure CVH outcomes. In addition, we will assess
if multilevel psychosocial risks modify this relationship.

METHODS

Study Population
Data in this study come from a retrospective data harmonization
that integrated longitudinal data from three U.S. cohorts
on CVD: the Jackson Heart Study (JHS), MESA, and the
Mediators of Atherosclerosis in South Asians Living in
America (MASALA) study. These cohorts included measures
of resilience, psychosocial risks, and neighborhood-level
socioeconomic factors in Exams 1, 2, and/or their annual follow-
up interviews. Also, the three cohorts assessed most, if not all,
LS7 metrics during all study exams and included measures on
incident CVD events during the exams or the annual follow-up
interviews. Additional details on these three cohorts can be
found elsewhere (46–48).

JHS is a prospective cohort study among African American
men and women in the Jackson, Mississippi metropolitan area
who were 21 years or older. Participant data from three JHS
exams (Exam 1: September 2000-March 2004, Exam 2: October
2005-December 2008, Exam 3: February 2009-January 2013)
and the annual follow-up interviews were included in this
study. The annual follow-up interviews in JHS were conducted
approximately every 12 months from the date of the first
examination (i.e., Exam 1) to collect information on clinical
events and additional health-related measures, such as optimism
and neighborhood social cohesion (49). MESA is a prospective
cohort study of White non-Hispanic, African American, Asian,
and Hispanic men and women from six U.S. sites (New York,
New York, Baltimore, Maryland, Chicago, Illinois, Los Angeles,
California, Minneapolis-St. Paul, Minnesota, and Winston-
Salem, North Carolina) who were over 45 and free of clinical
CVD at Exam 1. MESA participant data from Exams 1-5 were
included in this study (Exam 1: July 2000-August 2002, Exam 2:
September 2002-February 2004, Exam 3: March 2004-September
2005, Exam 4: September 2005-May 2007, Exam 5: April 2010-
December 2011). MASALA study participants were excluded
from the harmonized study population becauseMASALA did not
assess for optimism.

The three cohort studies (JHS, MASALA, and MESA) were
approved by the Institutional Review Board (IRB) at the

participating institutions, and the secondary analysis of the data
analyzed in this paper was approved by the IRB at Brown
University (Providence, Rhode Island).

Measures
The exposure variable was time-fixed, self-reported optimism
measured during the second annual follow-up telephone
interview (between Exams 1 and 2) in JHS and Exam 2 in
MESA. Because we did not have the exact date of the second
annual follow-up interview in JHS when optimism was assessed,
we assumed that optimism was assessed 2 years after Exam
1 for all JHS participants included in our study. Optimism
was measured by a 6-item questionnaire, Life Orientation Test-
Revised (LOT-R) (50). The LOT-R demonstrated an acceptable
level of reliability with a Cronbach’s alpha of 0.69 in the JHS and
MESA data combined (0.64 in the JHS alone and 0.73 in MESA
alone). Since the optimism scale does not have a clinical cut-
off value and to be consistent with prior research on optimism,
we considered optimism as tertiles, i.e., categorized into low,
medium, and high (40).

Potential confounding variables included time-fixed,
individual-level (religiosity), interpersonal-level (social support),
or neighborhood-level (social cohesion) resilience resources.
A 6-item Daily Spiritual Experiences Scale (51) measured
religiosity during Exam 1 in JHS and 2 in MESA. Social support
was measured by summing the items that captured the constructs
of “someone to talk to,” “someone to give advice,” “someone to
be there emotionally,” and “someone to help with chores” from
the Interpersonal Social Support Evaluation List (52) in JHS and
Social Support Inventory (53) in MESA, both during Exam 1.
Neighborhood social cohesion was based on a 5-item perceived
social environment/cohesion scale (54) during the third annual
follow-up interview in JHS (between Exams 1 and 2) and Exam
1 in MESA. All measures were self-reported and dichotomized
into a binary variable using a median split (high vs. not high)
consistent with previous studies (40, 55, 56).

Other confounding variables included age (continuous),
sex (male, female), race/ethnicity (White non-Hispanic, Asian,
African American, Hispanic), geographical region (West,
South, Midwest, Northeast), nativity (U.S.-born, other), marital
status (married, never married/separated/divorced/widowed),
self-rated health (good, not good), health insurance type
(public/private, none), self-history of CVD and stroke (yes,
no), and family history of CVD and stroke (yes, no). These
variables were self-reported, time-fixed, and assessed during
Exam 1 in both cohorts. Further, based on previous literature
(42), we considered all confounding variables to be potentially
related to the exclusion of some participants with missing data
or censoring. Thus, all confounding variables were used to
minimize selection bias.

Psychosocial risks that negatively influence physical health
at the individual level (anger, depressive symptoms, chronic
stress, education, employment status, income), interpersonal
level (discrimination), and neighborhood level (neighborhood
deprivation, neighborhood safety) were considered as potential
effect measure modifiers. These psychosocial factors may alter
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the optimism-CVH relationship based on previous literature (5–
7, 42). Anger, measured using the Anger-Out in JHS and State-
Trait inMESA from the Spielberger State-Trait Anger Expression
Inventory (57), was considered as tertiles (low, medium, high).
Depressive symptoms were measured using the Center for
Epidemiologic Studies-Depression (CES-D) scale (58), and a cut-
off of 16 was used to determine a binary depression variable.
Chronic stress, measured by summing items related to stress
from medical, job, finances, and relationships from the Global
Perceived Stress Scale developed for JHS and the Chronic Burden
scale for MESA (59), was categorized into tertiles. Education
was categorized into less than high school, high school or some
college, and college degree or more. Annual family income was
categorized into $0-$19,999, $20,000-$49,999, and more than
$50,000. Employment status was dichotomized into employed
at least part-time and unemployed. Perceived discrimination,
which was measured by the Everyday Discrimination Scale (60),
was categorized into tertiles. Neighborhood deprivation was
measured by a census-tract level neighborhood summary score
of socioeconomic indicators using principal component factor
analysis (61), and was categorized into tertiles. Briefly, a summary
score indicating the neighborhood socioeconomic deprivation
was created by combining the z-scores of six measures
derived from the 2000U.S. Census and American Community
Survey 2005–2009 and 2007–2013. These measures included
median household income, median housing value, percentage
of households with interest, dividend, or net rental income,
percentage of adults age 25 or older with a high school degree
or higher, percentage of adults age 25 or older with a Bachelor’s
degree or higher, and percentage of people employed in executive,
managerial, or professional occupation. Higher neighborhood
summary scores indicated lower neighborhood deprivation (i.e.,
a better socioeconomic context) (61). Neighborhood safety
was a 1-item neighborhood safety from crime question and
was dichotomized into safe and not safe. All potential effect
measure modifiers except for neighborhood deprivation were
self-reported, assessed during Exam 1 in both cohorts, and the
categorization of each measure was consistent with past studies
in JHS and MESA (62–66). Further, all potential effect measure
modifiers were considered to be potential sources of confounding
or selection bias.

The primary outcome variable was CVH determined by non-
repeated-measures LS7 metrics at MESA Exam 5. The poor
categories for each of the LS7 metrics were as follows: (1) poor
smoking: current smokers; (2) poor BMI: ≥ 30 kg/m2; (3) poor
physical activity: 0min per week; (4) poor diet: 0-1 healthy
dietary components; (5) poor cholesterol: ≥ 240 mg/dL; (6) poor
BP: ≥140/90mm Hg; (7) poor blood glucose: ≥ 126 mg/dL.
Additional details on each category of CVH (poor, intermediate,
and ideal) can be found elsewhere (11, 67, 68). These metrics
were based on self/proxy-reported and/or physical examinations
at Exam 5. Scores of 0, 1, 2 for each poor, intermediate, and ideal
metric, respectively, were summed to represent a total CVH score
ranging from 0 to 14. CVH was considered as a binary indicator
comparing ideal or intermediate CVH (scores ranging between 8
and 14) with poor CVH (score ranging between 0 and 7) due to
a small number of study participants with ideal CVH. JHS study

participants were excluded from analyses that used the primary
outcome variable because there was no complete LS7 CVHmetric
(ranging from 0 to 14) available after optimism assessment for
these participants. Thus, we only included MESA participants at
Exam 5 in analyses that used the primary outcome variable.

The secondary outcome variables used repeated-measures of
the four biological LS7 metrics (BMI, BP, blood glucose, and
cholesterol) assessed during exams subsequent to when optimism
was assessed, i.e., JHS Exams 2-3 and MESA Exams 3-5. Because
some LS7 metrics were not collected during follow-up exams, we
created the secondary outcome variables by adapting methods
used in previous studies (69, 70). We categorized the variables
into “all ideal metrics,” “at least 1 intermediate but no poor
metrics,” and “at least 1 poor metric.” Due to a small sample size
in the “all ideal” category, we created a binary outcome variable
to compare “ideal or intermediate (no poor) metrics” vs. “at least
1 poor metric.” Additionally, we compared participants with 0-
1 poor metrics (lower cardiovascular risk) with 2-4 poor metrics
(non-lower cardiovascular risk).

Statistical Analysis
Characteristics at the relevant interview or relevant exams
were compared between the included and a subset of
the excluded participants (i.e., participants without an
outcome measurement), using chi-squared and Wilcoxon
Mann-Whitney tests.

Primary analyses from a sample of the MESA participants
were conducted using unadjusted and adjusted modified Poisson
regression models while accounting for within neighborhood
clustering (71). Modified Poissonmodels allow for the estimation
of risk ratios from correlated binary outcomes in prospective
data, and it also provides valid estimates and standard errors
for clustered data (71). To estimate the overall relationship
between optimism and ideal CVH in the MESA study, time-
fixed optimism was included in an unadjusted model. The
corresponding adjustedmodel included time-fixed optimism and
covariates to minimize sources of confounding and selection
bias. Restricted quadratic splines (RQS) with 4 knots at unequal
intervals (i.e., 5, 35, 65, and 95th percentiles) were used to
model the continuous age variable in all adjusted models to
facilitate correct model specification and in turn, better control
for potential sources of confounding and selection bias (72). To
assess effect measure modification by each psychosocial risk one
at a time, each adjusted model was revised as needed to include
product terms between optimism and the relevant psychosocial
risk. A global chi-squared test was conducted to obtain a p-
value that indicated whether at least one of the product term
coefficients between optimism and the relevant psychosocial risk
measure was different from zero.

Secondary analyses from a harmonized sample of JHS
and MESA participants were conducted using unadjusted
and adjusted repeated-measures modified Poisson regression
models with observations clustered at the neighborhood level
(71). To estimate the overall relationship between optimism
and the secondary outcomes, the unadjusted model included
time-fixed optimism, time-updated visit, and a product term
between optimism and visit (optimism-visit). The corresponding
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adjusted model additionally included covariates to control for
confounding and selection bias. For the continuous age variable,
RQS with 4 knots at unequal intervals were also included. Since
neighborhood social cohesion was measured after optimism
was assessed in JHS, we did not adjust for neighborhood
social cohesion in the secondary analyses. For parsimony, we
also analyzed the unadjusted and adjusted models without the
optimism-visit product term. Similar to the primary analyses, we
assessed for effect measure modification by psychosocial risk one
at a time with and without the optimism-visit product term. In
the adjustedmodels for effect measuremodification that included
the optimism-visit product term, we also had a 3-way product
term between optimism, visit, and the relevant psychosocial risk,
as well as all relevant lower-order product terms (73). Again, a
global chi-squared test was conducted to obtain a p-value for
relevant product terms.

The harmonized data that included JHS and MESA studies
had differing times between subsequent exams. With no exact
exam dates available in the MESA study, we assumed the 1st
day of the month for the exam date. By design, JHS conducted
exams every 4–5 years, and MESA conducted exams every 2–3
years. We, therefore, grouped the follow-up times into two 4-
year bins (i.e., visits 1 and 2) given the maximum of 8 years of
follow-up time. This 4-year binning approach resulted in some
participants having more than one exam within a 4-year interval.
Therefore, we took the furthest follow-up observation as our
visit so that all participants had one observation per bin. We
censored participants at the minimum of the first missed visit due
to missing data because of death or another reason and reaching
the administrative censoring visit (i.e., visit 2). Because of the
small proportion of deaths during the follow-up period (7.0%),
we treated death as a censoring event rather than an event that
results in the CVH outcome being undefined (74, 75).

Based on the published literature (76) that indicates that
valid inference can be made using an independent working
correlation structure when analyzing clustered outcome data
with generalized estimating equations (GEE), we selected an
independent working correlation structure for both the primary
and secondary analyses to account for within-neighborhood
clustering. For the secondary analyses, we assumed that subjects
were nested within the neighborhood. Therefore, clustering on
the neighborhood in the secondary analyses should also account
for clustering by subject (71).

For sensitivity analyses, we further adjusted for years of
follow-up since the exposure (i.e., optimism) assessment in our
primary analyses by using RQS with 4 knots at unequal intervals.
In our secondary analyses, we repeated all analyses by clustering
on the subject, and not the neighborhood, to see if inferences
changed. We also repeated all primary and secondary analyses
assuming an exchangeable working correlation structure. Last,
we conducted the secondary analyses stratified by cohort.

We used an alpha level of 0.05 for statistical tests and
calculated 95% CIs for all relevant analyses. Findings (e.g., point
estimates, confidence intervals, and p-values) were interpreted
based on data compatibility rather than solely on statistical
significance (i.e., p ≤ 0.05) to reflect the recent literature
on significance and hypothesis testing (77–79). Therefore, the

inclusion of the null value in the confidence interval or a p> 0.05
was by itself not deemed as sufficient evidence for the absence
of an association or effect measure modification (78, 80). All
analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

Primary Analyses
A total of 3,520 MESA participants were included in the
primary analyses (Figure 1). Table 1 shows the demographic
characteristics and the distribution of the tertiles of optimism,
psychological risk, and resilience measures of the included and
a subset of the excluded participants at relevant exams. The
median (25–75th percentile) age and follow-up time since the
exposure assessment of the included participants were 60 (52–67)
and 7.8 (7.6–8.0) years, respectively. Most included participants
were female (54.6%), White non-Hispanic (41.8%), U.S.-born
(70.9%), and married (64.0%). Most had good self-rated health
(92.4%), public or private health insurance (92.6%), a family
history of CVD (58.2%), and a high school or some college
education (46.5%). Further, most were employed at least part-
time (55.1%), reported more than $50,000 annual family income
(45.0%), were not depressed (88.2%), and reported that their
neighborhood was safe (84.2%). Ideal, intermediate, and poor
CVH assessed at Exam 5 was reported in 5.4, 60.6, and 34.0%
of the included participants, respectively. In comparison to the
excluded participants, the included participants were similar in
age and more likely to be male, White non-Hispanic, non-U.S.-
born, married, have good self-rated health, have health insurance,
report a family history of CVD, achieve higher levels of education,
have a higher annual family income, and were less likely to
be depressed.

Table 2 shows the unadjusted and adjusted risk ratios (aRRs)
for the overall relationship between optimism at Exam 2 and
the primary outcome, LS7 at Exam 5 in MESA. The aRR
comparing high to low optimism was 1.10 (1.04–1.16) and the
aRR comparing medium to low optimism was 1.05 (0.99–1.11).
Table 3 shows the adjusted relationship between optimism and
the primary outcome by level of psychosocial risk, i.e., the aRRs
represent the relationship between optimism and LS7 in each
psychosocial risk category in MESA. Although psychosocial risk
measures largely did not show clear evidence for effect measure
modification, there was some evidence for effect modification by
neighborhood deprivation. Specifically, participants were more
likely to achieve ideal or intermediate CVH with high optimism
if they lived in neighborhoods with high- [1.15 (1.02–1.29)] or
medium-level deprivation [1.18 (1.08–1.29)]. Strong evidence
for the benefits for high optimism was not observed among
participants who lived in neighborhoods with low neighborhood
deprivation (aRR: 1.00, 95% CI: 0.93–1.08). The point estimates
by education, income, and neighborhood safety suggested that
participants with lower education, the lowest income, and a not
safe neighborhood were more likely to have ideal or intermediate
CVH with high optimism. However, there was considerable
overlap in the corresponding 95% CIs.
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FIGURE 1 | Exclusion criteria applied to identify 3,520 MESA participants who were included in the primary analysis sample. *This exclusion step resulted in the

exclusion of all MASALA participants because optimism was not assessed in MASALA. †This exclusion step resulted in the exclusion of all remaining JHS participants

because Life’s Simple 7 (LS7) metrics for CVH outcome was not assessed subsequent to the assessment of optimism in JHS. CVH, cardiovascular health; JHS,

Jackson Heart Study; MASALA, Mediators of Atherosclerosis Among South Asians Living in America; MESA, Multi-Ethnic Study of Atherosclerosis.

Secondary Analyses
In the secondary analyses, 5,541 participants were included
from JHS and MESA studies (Figure 2). Table 4 shows the
demographic characteristics and distributions of optimism,
psychosocial risk, and resilience measures comparing the
included and a subset of the excluded participants at the relevant
interview or relevant exams. In general, comparisons between
the included and excluded participants in the secondary analysis
sample were similar to the primary analysis sample. However,
in this analytic sample, the included participants were older
than the excluded participants (median age: 60 vs. 58 years),
and most included participants were African American (37.2%).
Additionally, 0.7% of the included participants self-reported a
history of CVD and stroke.

Table 5 shows the unadjusted and adjusted RRs for the overall
relationship between optimism and the secondary outcomes

using the four biological LS7 metrics. Without the optimism-visit
product terms, the aRR (95% CI) for having ideal or intermediate
(no poor) metrics compared to having at least 1 poor metric
among those with high optimism (vs. low) was 1.05 (0.98–1.12)
and the aRR (95% CI) among those with medium optimism
(vs. low) was 1.04 (0.97–1.11). The aRR for having a lower
cardiovascular risk as a function of high optimism was 1.01
(0.98–1.03), and for medium optimism, the corresponding aRR
was 1.01 (0.98–1.03).

For analyses concerning the overall relationship between
optimism and the secondary outcomes that include the
optimism-visit product terms, the aRRs are presented by visit
in Table 5. For both secondary outcomes, the aRRs with
and without the optimism-visit product term did not differ
meaningfully. Also, for both secondary outcomes, the aRRs from
the models with the optimism-visit product terms did not differ
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TABLE 1 | Characteristics at the exam that optimism was assessed or exams

concurrent with or before optimism assessment comparing the included and a

subset of the excluded MESA participants (i.e., participants with no CVH outcome

measure subsequent to the exam that optimism was assessed) in the primary

analyses.

Characteristic Included Excluded P-value*

(n = 3,520) (n = 2,972)

N % N %

Optimism† at Exam 2

High 1,045 29.7 924 31.1 0.03

Medium 1,130 32.1 1,006 33.9

Low 1,345 38.2 1,042 35.1

Follow-up years‡ 7.8 (7.6–8.0)

Age‡ in years at Exam 1 60 (52–67) 59 (49–69) <0.01

Sex at Exam 1

Female 1,922 54.6 1,723 58.0 <0.01

Male 1,598 45.4 1,249 42.0

Self-reported race/ethnicity at Exam 1

White non-Hispanic 1,471 41.8 430 14.5 <0.01

Asian 366 10.4 152 5.1

African American 899 25.5 2,056 69.2

Hispanic 784 22.3 334 11.2

Nativity at Exam 1

Other 1,024 29.1 432 14.5 <0.01

U.S.-born 2,496 70.9 2,540 85.5

Region at Exam 1

West 571 16.2 366 12.3 <0.01

South 624 17.7 1,870 62.9

Midwest 1,273 36.2 340 11.4

Northeast 1,052 29.9 396 13.3

Marital status at Exam 1

Never married,

separated/divorced,

widowed

1,267 36.0 1,246 41.9 <0.01

Married 2,253 64.0 1,726 58.1

Self-rated health§ at Exam 1

Not good 266 7.6 553 18.6 <0.01

Good 3,254 92.4 2,419 81.4

Health insurance at Exam 1

None 261 7.4 357 12.0 <0.01

Public or Private 3,259 92.6 2,615 88.0

Family history of CVD and stroke at Exam 1

No 1,473 41.9 1,310 44.1 0.07

Yes 2,047 58.2 1,662 55.9

Education at Exam 1

Less than high school 476 13.5 482 16.2 <0.01

High school or some

college

1,637 46.5 1,398 47.0

College degree or more 1,407 40.0 1,092 36.7

Employment at Exam 1

Unemployed 1,581 44.9 1,499 50.4 <0.01

Employed (Part/full-time) 1,939 55.1 1,473 49.6

Income at Exam 1

$0–$19,999 638 18.1 801 27.0 <0.01

(Continued)

TABLE 1 | Continued

Characteristic Included Excluded P-value*

(n = 3,520) (n = 2,972)

N % N %

$20,000–$49,999 1,299 36.9 1,086 36.5

$50,000+ 1,583 45.0 1,085 36.5

Anger† at Exam 1

Low 1,370 38.9 1,087 36.6 <0.01

Medium 1,206 34.3 848 28.5

High 944 26.8 1,037 34.9

Depression (CES-D≥16) at Exam 1

No 3,103 88.2 2,432 81.8 <0.01

Yes 417 11.9 540 18.2

Chronic stress† at Exam 1

Low 1,729 49.1 917 30.9 <0.01

Medium 861 24.5 703 23.7

High 930 26.4 1,352 45.5

Discrimination† at Exam 1

Low 1,026 29.2 828 27.9 <0.01

Medium 1,318 37.4 933 31.4

High 1,176 33.4 1,211 40.8

Neighborhood deprivation† at Exam 1

Low 1,242 35.3 686 23.1 <0.01

Medium 1,193 33.9 755 25.4

High 1,085 30.8 1,531 51.5

Neighborhood safety at Exam 1

Safe 2,965 84.2 2,111 71.0 <0.01

Not safe 555 15.8 861 29.0

Religiosity at Exam 2

Not high 1,675 47.6 1,035 34.8 <0.01

High 1,845 52.4 1,937 65.2

Social support at Exam 1

Not high 1,355 38.5 906 30.5 <0.01

High 2,165 61.5 2,066 69.5

Neighborhood social cohesion at Exam 1

Not high 1,632 46.4 1,186 39.9 <0.01

High 1,888 53.6 1,786 60.1

Ideal CVH at Exam 5

Poor (0–7) 1,197 34.0

Intermediate (8–11) 2,133 60.6

Ideal (12–14) 190 5.4

*Pearson’s χ
2-test or Wilcoxon-Mann-Whitney test.

†Tertiles not 33% due to ties at boundaries and no participants with the same values were

included in different tertiles.
‡Median (25th percentile-75th percentile).
§Due to harmonization of different self-rated health measures across JHS, MESA, and

MASALA cohort studies, a binary variable for self-rated health was used to indicate “Good”

and “Not good” categories.

CVD, cardiovascular disease; CVH, cardiovascular health; MESA, Multi-Ethnic Study

of Atherosclerosis.

meaningfully across the two visits. Therefore, the remainder of
the results section and the discussion pertaining to the secondary
analyses primarily focus on the results without the optimism-
visit product term (Tables 5–7). However, secondary analysis
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TABLE 2 | Risk ratios (RR) for ideal or intermediate vs. poor CVH assessed at exam 5 by optimism levels at exam 2 among MESA participants (N = 3,520).

Outcome High (vs. low) optimism RR (95% CI) Medium (vs. low) optimism RR (95% CI)

Unadjusted Adjusted* Unadjusted Adjusted*

Ideal or intermediate vs. poor CVH 1.10 (1.03–1.17) 1.10 (1.04–1.16) 1.08 (1.02–1.15) 1.05 (0.99–1.11)

Clustering of observations by neighborhood was used in each outcome model (71).

*Adjusted for age, sex, race, nativity, geographic region, marital status, self-rated health, insurance, family CVD history, religiosity, social support, neighborhood social cohesion, education,

income, employment, anger, depression, chronic stress, discrimination, neighborhood deprivation, and neighborhood safety.

TABLE 3 | Assessment of effect measure modification of adjusted risk ratios* (aRR) for the relationship between optimism at exam 2 and ideal or intermediate vs. poor

CVH at exam 5 by levels of psychosocial risk measures among MESA participants included in the primary analysis sample.

Psychosocial risk

measure (Potential effect

measure modifier)

Optimism levels (N = 3,520) High vs. low optimism: aRR for

ideal or intermediate CVH by

psychosocial risk levels

Medium vs. low optimism: aRR

for ideal or intermediate CVH

by psychosocial risk levels

p†

Low Medium High aRR 95% CI aRR 95% CI

Education at Exam 1

College degree or more 442 514 451 1.03 (0.95–1.11) 1.03 (0.96–1.10) 0.29

High school or some college 693 496 448 1.17 (1.06–1.28) 1.07 (0.97–1.18)

Less than high school 210 120 146 1.15 (0.95–1.38) 1.03 (0.84–1.27)

Employment at Exam 1

Employed 735 638 566 1.11 (1.04–1.20) 1.07 (0.99–1.14) 0.82

Unemployed 610 492 479 1.08 (0.99–1.18) 1.03 (0.94–1.13)

Income at Exam 1

$50,000+ 517 551 515 1.09 (1.01–1.17) 1.03 (0.96–1.11) 0.51

$20,000–$49,999 559 405 335 1.07 (0.97–1.19) 1.09 (0.99–1.20)

$0–$19,999 269 174 195 1.18 (1.02–1.36) 1.03 (0.88–1.21)

Anger at Exam 1

Low 408 416 546 1.14 (1.04–1.24) 1.07 (0.96–1.18) 0.91

Medium 460 425 321 1.09 (0.99–1.20) 1.05 (0.96–1.15)

High 477 289 178 1.06 (0.94–1.19) 1.05 (0.95–1.15)

Depression at Exam 1

No 1,082 1,044 977 1.11 (1.04–1.18) 1.06 (1.00–1.13) 0.70

Yes 263 86 68 1.02 (0.82–1.28) 0.98 (0.80–1.20)

Chronic stress at Exam 1

Low 591 558 580 1.13 (1.04–1.22) 1.06 (0.98–1.14) 0.92

Medium 322 284 255 1.06 (0.94–1.19) 1.04 (0.94–1.16)

High 432 288 210 1.08 (0.95–1.23) 1.05 (0.93–1.19)

Discrimination at Exam 1

Low 325 311 390 1.15 (1.04–1.27) 1.01 (0.91–1.13) 0.42

Medium 490 434 394 1.05 (0.95–1.17) 1.08 (0.97–1.19)

High 530 385 261 1.10 (1.00–1.22) 1.05 (0.96–1.16)

Neighborhood deprivation at Exam 1

Low 452 423 367 1.00 (0.93–1.08) 1.01 (0.94–1.08) 0.06

Medium 490 382 321 1.18 (1.08–1.29) 1.13 (1.04–1.24)

High 403 325 357 1.15 (1.02–1.29) 1.02 (0.89–1.15)

Neighborhood safety at Exam 1

Safe 1,101 982 882 1.08 (1.02–1.15) 1.05 (0.99–1.11) 0.44

Not safe 244 148 163 1.19 (1.03–1.38) 1.05 (0.89–1.25)

Clustering of observations by neighborhood was used in each outcome model (71).

*Adjusted for age, sex, race, nativity, geographic region, marital status, self-rated health, insurance, family CVD history, religiosity, social support, neighborhood social cohesion, education,

income, employment, anger, depression, chronic stress, discrimination, neighborhood deprivation, and neighborhood safety.
†P-values were obtained from a global chi-squared test to examine whether at least one of the product term coefficients between optimism and psychosocial risk was different from zero.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 December 2021 | Volume 8 | Article 788194

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Park et al. Optimism and Cardiovascular Health

FIGURE 2 | Exclusion criteria applied to identify 5,541 JHS and MESA participants who were included in the secondary analysis sample. The CVH outcome measure

was defined using four biological Life’s Simple 7 (LS7) metrics that were assessed at exams subsequent to optimism assessment in both the JHS and MESA study.

*This exclusion step resulted in the exclusion of all MASALA participants because optimism was not assessed in MASALA. CVH, cardiovascular health; JHS, Jackson

Heart Study; LS7, Life’s Simple 7; MASALA, Mediators of Atherosclerosis Among South Asians Living in America; MESA, Multi-Ethnic Study of Atherosclerosis.

results that are stratified by level of psychosocial risk and include
the optimism-visit product term are included in the supplement
(Supplementary Tables 1, 2). The secondary analysis results that
are stratified by level of psychosocial risk and include the
optimism-visit product term are largely consistent with and do
not differ meaningfully from the corresponding stratified results
that exclude the optimism-visit product term.

Table 6 shows some evidence of heterogeneity for the ideal or
intermediate (no poor)metrics vs. at least 1 poormetric outcome.
Low or medium chronic stress exposure was compatible with
a positive relationship between medium optimism and the
outcome [aRR: 1.06, 95% CI: 0.96–1.16 and 1.10 (0.99–1.22),
respectively]. However, exposure to high chronic stress suggested
compatibility with a negative relationship between medium
optimism and the outcome (aRR: 0.89, 95% CI: 0.76–1.05)
(Table 6).

For lower cardiovascular risk outcomes, we observed
largely null relationships and there was little evidence for
effect modification by psychosocial risks (Table 7). Visual
illustrations of all of the previously described effect measure
modification results (Tables 3, 6, 7) are provided as plots in
Supplementary Figures 1–3.

Sensitivity Analyses
Our sensitivity analysis did not observe any change to the aRRs
in our primary analyses when we also controlled for follow-up
time since the exposure assessment (not reported). Our findings
did not change in the secondary analyses when we clustered by
subject (not reported). Further, using an exchangeable working
correlation structure did not change inferences in our primary or
secondary analyses (not reported).
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TABLE 4 | Characteristics at the exam or interview that optimism was assessed

or exams concurrent with or before optimism assessment comparing the included

and a subset of the excluded MESA and JHS participants (i.e., participants without

all four biological LS7 metrics assessed at least once during the first 4 years of

follow-up subsequent to optimism assessment) in the secondary analyses.

Characteristics Included Excluded P-value*

(n = 5,541) (n = 720)

N % N %

Optimism† at MESA Exam 2 or JHS AF2 Interview

High 1,686 30.4 203 28.2 0.37

Medium 1,819 32.8 252 35.0

Low 2,036 36.7 265 36.8

Age‡ (years) at Exam 1 60 (52–68) 58 (48–65) <0.01

Sex at Exam 1

Female 3,051 55.1 454 63.1 <0.01

Male 2,490 44.9 266 36.9

Self-reported race/ethnicity at Exam 1

White non-Hispanic 1,872 33.8 29 4.0 <0.01

Asian 504 9.1 14 1.9

African American 2,062 37.2 662 91.9

Hispanic 1,103 19.9 15 2.1

Nativity at Exam 1

Other 1,422 25.7 34 4.7 <0.01

U.S.-born 4,119 74.3 686 95.3

Region at Exam 1

West 924 16.7 13 1.8 <0.01

South 1,618 29.2 645 89.6

Midwest 1,598 28.8 15 2.1

Northeast 1,401 25.3 47 6.5

Marital status at Exam 1

Never married,

separated/divorced,

widowed

2,102 37.9 306 42.5 0.02

Married 3,439 62.1 414 57.5

Self-rated health§ at Exam 1

Not good 568 10.3 182 25.3 <0.01

Good 4,973 89.8 538 74.7

Health insurance at Exam 1

None 486 8.8 86 11.9 <0.01

Public or Private 5,055 91.2 634 88.1

Self-history of CVD and stroke at Exam 1

No 5,501 99.3 663 92.1 <0.01

Yes 40 0.7 57 7.9

Family history of CVD and stroke at Exam 1

No 2,387 43.1 291 40.4 0.17

Yes 3,154 56.9 429 59.6

Education at Exam 1

Less than high school 826 14.9 99 13.8 0.11

High school or some

college

2,583 46.6 315 43.8

College degree or more 2,132 38.5 306 42.5

Employment at Exam 1

Unemployed 2,641 47.7 354 48.8 0.58

Employed 2,900 52.3 369 51.3

(Continued)

TABLE 4 | Continued

Characteristics Included Excluded P-value*

(n = 5,541) (n = 720)

N % N %

Income at Exam 1

$0–$19,999 1,197 21.6 182 25.3 0.04

$20,000–$49,999 2,023 36.5 265 36.8

$50,000+ 2,321 41.9 273 37.9

Anger† at Exam 1

Low 2,170 39.2 234 32.5 <0.01

Medium 1,810 32.7 185 25.7

High 1,561 28.2 301 41.8

Depression at Exam 1

No 4,787 86.4 576 80.0 <0.01

Yes 754 13.6 144 20.0

Chronic stress† at Exam 1

Low 2,458 44.4 147 20.4 <0.01

Medium 1,847 33.3 297 41.3

High 1,236 22.3 276 38.3

Discrimination† at Exam 1

Low 2,053 37.1 190 26.4 <0.01

Medium 1,848 33.4 216 30.0

High 1,640 29.6 314 43.6

Neighborhood deprivation† at Exam 1

Low 2,150 38.8 152 21.1 <0.01

Medium 1,842 33.2 208 28.9

High 1,549 28.0 360 50.0

Neighborhood safety at Exam 1

Safe 4,491 81.1 445 61.8 <0.01

Not safe 1,050 19.0 275 38.2

Religiosity at MESA Exam 2 or JHS Exam 1

Not high 2,782 50.2 276 38.3 <0.01

High 2,759 49.8 444 61.7

Social support at Exam 1

Not high 1,976 35.7 211 29.3 <0.01

High 3,565 64.3 509 70.7

*Pearson’s χ
2-test or Wilcoxon-Mann-Whitney test.

†Tertiles not 33% due to ties at boundaries and no participants with the same values were

included in different tertiles.
‡Median (25th percentile-75th percentile).
§Due to the harmonization of different self-rated health measures across JHS, MESA,

and MASALA cohort studies, a binary variable for self-rated health was used to indicate

“Good” and “Not good” categories.

CVD, cardiovascular disease; AF2, Second Annual Follow-up; JHS, Jackson Heart Study;

MESA, Multi-Ethnic Study of Atherosclerosis.

When we stratified by cohort in our secondary analyses
without the optimism-visit product terms, the aRRs for high
or medium optimism were similar in both the JHS and MESA
cohorts but were slightly stronger in MESA compared to the JHS
cohort (Table 8). With the inclusion of optimism-visit product
terms, the association for ideal or intermediate (no poor) metrics
with high optimism seemed to be stronger at visit 2 compared
to visit 1 in both cohorts. In JHS, the association was reversed
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TABLE 5 | Risk ratios (RR) for ideal or intermediate (no poor) metrics vs. at least 1 poor metric and RR for lower cardiovascular risk (0–1 poor metrics) vs. non-lower

cardiovascular risk (2–4 poor metrics) by optimism levels at exam 2 in MESA and the second annual follow-up interview in JHS using four biological life’s simple 7

measures (BMI, blood pressure, cholesterol, and glucose) assessed during follow-up subsequent to optimism assessment among MESA and JHS participants included in

the secondary analysis sample (N = 5,541).

Outcome Optimism-visit product term

in outcome model

High vs. low optimism RR (95% CI) Medium vs. low optimism RR (95% CI)

Unadjusted Adjusted‡ Unadjusted Adjusted‡

Ideal or intermediate (no

poor) metrics vs. 1 or

more poor metrics

No optimism-visit product term 1.02 (0.95–1.10) 1.05 (0.98–1.12) 1.03 (0.95–1.10) 1.04 (0.97–1.11)

Optimism-visit product

term is present

Visit 1* 1.02 (0.95–1.10) 1.04 (0.97–1.12) 1.05 (0.97–1.13) 1.05 (0.98–1.13)

Visit 2* 1.02 (0.92–1.13) 1.06 (0.96–1.16) 0.99 (0.90–1.09) 1.01 (0.92–1.11)

Lower cardiovascular risk

(0–1 poor metrics) vs.

non-lower cardiovascular

risk (2–4 poor metrics)

No optimism-visit product term 1.00 (0.98–1.03) 1.01 (0.98–1.03) 1.01 (0.98–1.03) 1.01 (0.98–1.03)

Optimism-visit product

term is present

Visit 1† 1.02 (0.99–1.05) 1.02 (0.99–1.05) 1.00 (0.97–1.03) 1.00 (0.97–1.03)

Visit 2† 0.98 (0.94–1.02) 0.98 (0.95–1.02) 1.01 (0.98–1.05) 1.02 (0.98–1.05)

Clustering of observations by neighborhood was used in each repeated-measures modified Poisson regression model. Clustering by neighborhood should also account for within

subject correlation in the outcome when subjects are nested within neighborhoods (76). Clustering by subject did not change inference.

*Optimism-visit product term coefficients for unadjusted model: −0.06, 0.0007, p = 0.40; adjusted model: −0.04, 0.02, p = 0.48.
†Optimism-visit product term coefficients for unadjusted model: 0.01, −0.04, p = 0.03; adjusted model: 0.02, −0.04, p = 0.03.
‡Adjusted for visit, age, sex, race, nativity, geographic region, marital status, self-rated health, insurance, self-history of CVD, family CVD history, religiosity, social support, education,

income, employment, anger, depression, chronic stress, discrimination, neighborhood deprivation, and neighborhood safety.

in visit 2 compared to visit 1. For medium optimism in JHS,
the association for ideal or intermediate (no poor) metrics was
reversed in visit 2 compared to visit 1, and in MESA, the
association was positive at visit 1 but null at visit 2. For the
lower cardiovascular risk outcome, the relationship did not differ
meaningfully by visit in MESA. However, the aRRs were reversed
in visit 2 compared to visit 1 in JHS for medium optimism.

DISCUSSION

The present study utilized harmonized data from two U.S.-
based cardiovascular cohorts (MESA and JHS) to examine
the relationship between optimism, psychosocial risk factors,
and CVH. The results from the primary analyses in MESA
participants provided evidence that those who report a higher
level of optimism compared to a lower level were more likely
to have ideal or intermediate CVH. However, participants who
lived in neighborhoods with low neighborhood deprivation
did not seem to benefit from high optimism, which provided
some evidence of effect measure modification by psychosocial
risk. Our secondary analyses that included MESA and JHS
participants showed similar or less compelling evidence for a
positive association between higher levels of optimism and CVH
and for effect measure modification.

Our findings suggesting that high optimism is beneficial
for CVH is supported by prior studies. Past cross-sectional
studies, including studies from the JHS and MESA cohorts,
have indicated that participants with high optimism were more
likely to have better CVH outcomes (38–40). Moreover, there is
increasing evidence that suggests high optimism leads to better
health behaviors and CVD outcomes (81), such as in a meta-
analysis showing the positive association between high optimism
and better CVD-related outcomes (82). Further, optimism was
associated with higher LS7 scores over time among young adults
in the U.S. (41). These findings, including our results, may be
due to both physiological and behavioral mechanisms by which

optimism may influence CVH. The physiological mechanism
may involve the processes such as reduced inflammation, and
the behavioral mechanism may involve optimistic individuals
engaging in more physical activities, eating a healthier diet,
and/or not smoking, as well as using adaptive coping strategies
against stress (33, 42, 83). Hence, there is now a growing pool
of evidence supporting a positive association between higher
optimism and better CVH outcomes, including evidence based
on prospective analyses.

We hypothesized that individuals with the greatest exposure
to psychosocial risks would benefit the most from higher levels
of resilience resources. In our study, neighborhood deprivation
and chronic stress demonstrated some evidence of effect
measure modification for certain CVH outcomes (i.e., ideal or
intermediate CVH using LS7 and ideal or intermediate (no poor)
metrics based on four biological LS7 metrics). Specifically, high
optimism only appeared to be beneficial for participants who
lived in neighborhoods with higher neighborhood deprivation.
In contrast, only participants who had lower exposure to chronic
stress (as measured by self-report) benefitted from medium
optimism. Although the present study findings for chronic stress
were inconsistent with our hypothesis, the concept of allostatic
load may explain the apparent inconsistency. In short, the
repeated activation of physiological systems designed tomaintain
homeostasis of the body (e.g., cardiovascular system, sympathetic
nervous system) during repeated stressor exposures may lead
to dysregulation (e.g., fail to activate) when the stressors are
chronic (84). Living in neighborhoods with high deprivation
is also considered a chronic stressor, but it is plausible that
people living in neighborhoods with high deprivation may have
access to built environment resources, such as access to healthy
foods or physical activity resources, which may favorably support
healthy behaviors. Further, the Reserve Capacity Model posits
that individuals in low SEP are exposed to more adversities
or chronic stress exposures (33), have higher allostatic load
and experience over-response to these chronic stressors (85).
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TABLE 6 | Assessment of effect measure modification of adjusted risk ratios*

(aRR) for the relationship between optimism at exam 2 in MESA and the second

annual follow-up interview in JHS and ideal or intermediate (no poor) metrics vs. at

least 1 poor metric using four biological Life’s Simple 7 metrics (BMI, blood

pressure, cholesterol, and glucose) by levels of psychosocial risk measures

among MESA and JHS participants included in the secondary analysis sample (N

= 5,541).

Psychosocial risk

measure (Potential

effect measure

modifier)

High vs. low

optimism: aRR for

ideal or intermediate

(no poor) metrics by

psychosocial risk

levels

Medium vs. low

optimism: aRR for

ideal or intermediate

(no poor) metrics by

psychosocial risk

levels

p†

aRR 95% CI aRR 95% CI

Education at Exam 1

College degree or more 1.01 (0.91–1.11) 1.01 (0.92–1.10) 0.73

High school or some

college

1.09 (0.98–1.21) 1.04 (0.93–1.16)

Less than high school 1.05 (0.87–1.28) 1.12 (0.93–1.34)

Employment at Exam 1

Employed 1.06 (0.97–1.17) 1.03 (0.94–1.13) 0.83

Unemployed 1.03 (0.93–1.14) 1.04 (0.94–1.15)

Income at Exam 1

$50,000+ 1.10 (1.00–1.21) 1.09 (1.00–1.19) 0.14

$20,000–$49,999 0.93 (0.83–1.05) 0.97 (0.87–1.10)

$0–$19,999 1.14 (0.97–1.33) 1.03 (0.88–1.21)

Anger at Exam 1

Low 1.07 (0.95–1.20) 1.07 (0.94–1.21) 0.92

Medium 1.05 (0.94–1.18) 1.05 (0.95–1.17)

High 1.02 (0.89–1.16) 0.98 (0.87–1.11)

Depression at Exam 1

Low 1.05 (0.98–1.13) 1.03 (0.95–1.11) 0.49

High 0.96 (0.75–1.23) 1.12 (0.91–1.37)

Chronic stress at Exam 1

Low 1.09 (0.99–1.21) 1.06 (0.96–1.16) 0.11

Medium 0.98 (0.87–1.11) 1.10 (0.99–1.22)

High 1.04 (0.88–1.23) 0.89 (0.76–1.05)

Discrimination at Exam 1

Low 1.00 (0.90–1.12) 1.01 (0.90–1.13) 0.59

Medium 1.07 (0.95–1.20) 1.09 (0.98–1.22)

High 1.10 (0.95–1.27) 1.00 (0.88–1.14)

Neighborhood deprivation at Exam 1

Low 1.00 (0.90–1.10) 1.03 (0.94–1.14) 0.67

Medium 1.07 (0.95–1.21) 1.04 (0.92–1.17)

High 1.11 (0.96–1.28) 1.03 (0.88–1.21)

Neighborhood safety at Exam 1

Safe 1.04 (0.97–1.12) 1.04 (0.97–1.12) 0.81

Not safe 1.08 (0.90–1.29) 1.01 (0.85–1.20)

Clustering of observations by neighborhood was used in each outcome model. Clustering

by neighborhood should also account for within subject correlation in the outcome

when subjects are nested within neighborhoods (76). Clustering by subject did not

change inference.

*Adjusted for visit, age, sex, race, nativity, geographic region, marital status, self-rated

health, insurance, self-history of CVD, family CVD history, religiosity, social support,

education, income, employment, anger, depression, chronic stress, discrimination,

neighborhood deprivation, and neighborhood safety.
†P-values were obtained from a global chi-squared test to examine whether at least one

of the product term coefficients between optimism and psychosocial risk was different

from zero.

TABLE 7 | Assessment of effect measure modification of adjusted risk ratios*

(aRR) for the relationship between optimism at exam 2 in MESA and the second

annual follow-up interview in JHS and lower cardiovascular risk (0–1 poor metrics)

compared with non-lower cardiovascular risk (2–4 poor metrics) using the four

biological Life’s Simple 7 metrics (BMI, blood pressure, cholesterol, and glucose)

by levels of psychosocial risk measures among MESA and JHS participants

included in the secondary analysis sample (N = 5,541).

Psychosocial risk

measure (Potential

effect measure

modifier)

High vs. low

optimism: aRR for

lower CV risk (0–1

poor metrics) by

psychosocial risk

levels

Medium vs. low

optimism: aRR for

lower CV risk (0–1

poor metrics) by

psychosocial risk

levels

p†

aRR 95% CI aRR 95% CI

Education at Exam 1

College degree or more 1.01 (0.97–1.04) 1.02 (0.99–1.05) 0.91

High school or some

college

1.01 (0.97–1.05) 1.00 (0.96–1.04)

Less than high school 1.00 (0.93–1.08) 1.01 (0.94–1.09)

Employment at Exam 1

Employed 1.02 (0.98–1.05) 1.02 (0.99–1.06) 0.39

Unemployed 0.99 (0.96–1.03) 0.99 (0.95–1.03)

Income at Exam 1

$50,000+ 1.04 (1.00–1.07) 1.04 (1.00–1.07) 0.24

$20,000–$49,999 0.98 (0.93–1.02) 0.98 (0.94–1.02)

$0–$19,999 1.00 (0.94–1.06) 1.00 (0.94–1.06)

Anger at Exam 1

Low 1.01 (0.97–1.05) 1.03 (0.99–1.08) 0.50

Medium 0.99 (0.95–1.04) 1.00 (0.96–1.04)

High 1.03 (0.98–1.08) 0.99 (0.94–1.04)

Depression at Exam 1

Low 1.00 (0.98–1.03) 1.01 (0.98–1.04) 0.63

High 1.04 (0.96–1.13) 0.99 (0.92–1.07)

Chronic stress at Exam 1

Low 1.00 (0.97–1.04) 1.01 (0.97–1.04) 0.61

Medium 1.02 (0.98–1.07) 1.04 (0.99–1.08)

High 0.99 (0.92–1.06) 0.97 (0.91–1.03)

Discrimination at Exam 1

Low 1.00 (0.96–1.04) 1.02 (0.98–1.07) 0.15

Medium 0.99 (0.95–1.04) 1.01 (0.97–1.05)

High 1.04 (0.99–1.10) 0.99 (0.94–1.04)

Neighborhood deprivation at Exam 1

Low 1.01 (0.97–1.04) 1.02 (0.99–1.05) 0.87

Medium 1.01 (0.97–1.06) 1.00 (0.96–1.04)

High 1.00 (0.94–1.06) 1.01 (0.95–1.07)

Neighborhood safety at Exam 1

Safe 1.00 (0.97–1.03) 1.01 (0.99–1.04) 0.27

Not safe 1.03 (0.96–1.11) 0.99 (0.92–1.06)

Clustering of observations by neighborhood was used in each outcome model. Clustering

by neighborhood should also account for within subject correlation in the outcome

when subjects are nested within neighborhoods (76). Clustering by subject did not

change inference.

*Adjusted for visit, age, sex, race, nativity, geographic region, marital status, self-rated

health, insurance, self-history of CVD, family CVD history, religiosity, social support,

education, income, employment, anger, depression, chronic stress, discrimination,

neighborhood deprivation, and neighborhood safety.
†P-values were obtained from a global chi-squared test to examine whether at least one

of the product term coefficients between optimism and psychosocial risk was different

from zero.
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Consequently, the chronic activation of these physiological
systems may be too substantial to be offset by higher levels
of optimism or other resilience resources (34, 86). However,
despite the apparent inconsistency concerning chronic stress, our
study findings regarding higher neighborhood deprivation were
consistent with our hypothesis. Although compelling evidence
for effect modification of the relationship between optimism and
CVH outcomes was not observed for other psychosocial risks,
this lack of evidence may partly be due to random error. Hence,
effect modification by psychosocial risks, particularly by self-
reported chronic stress and objectively measured neighborhood
deprivation, warrants further study.

The findings from our study may have practical implications
for optimism-based interventions aimed at reducing and
preventing adverse CVH outcomes. Despite some research
considering optimism as an unmodifiable trait (87), optimistic
mindsets may be induced by intervention or practice via
broadly termed “cognitive-behavioral therapies” (CBT) (87–
89). In general, there is a lack of optimism-based intervention
studies in populations with and without CVD, but existing
CBT interventions have shown to improve short-term optimism
(83). Another possible strategy to improve optimism is the
“Best Possible Self ” (BPS) intervention, which is based on
the positive writing paradigm, i.e., patients/clients write about
the positive topics, such as focusing on their best possible
future, that improves their positive mood and psychological
well-being (90). Two meta-analytic studies have shown that
BPS interventions could effectively improve optimism compared
to controls (91, 92). In addition, interventions on positive
psychological well-being have demonstrated favorable health
behaviors, such as increased physical activity (93, 94). For
example, the positive psychology intervention group had an
increased odds of achieving higher physical activity levels than
the control group (odds ratio = 1.74) (93), while another study
showed a moderate effect size (Cohen’s d = 1.19, p = 0.007)
for improvements in healthy behavior adherence that included
physical activity and diet among those in the intervention
group compared to controls (94); however, there is varying
evidence on the biological effects (95). Some trials targeting
optimism have also shown improvements in psychosocial
risk exposures, such as reduced depressive symptoms (96).
Hence, optimism-focused interventions may improve optimism,
reduce psychosocial risks and have beneficial CVH outcomes.
Therefore, our findings concerning effect measure modification
may help to identify subgroups who would benefit most from
interventions targeted at building optimism to improve CVH.
For example, individuals who live in neighborhoods with higher
neighborhood deprivation may benefit from interventions to
improve optimism, while individuals who live in neighborhoods
with low neighborhood deprivation may not.

Although some of our findings are compelling, there are
several limitations to our study. Psychometric analyses (i.e.,
confirmatory factor analyses and reliability analyses) were
conducted on the harmonized JHS, MESA, and MASALA cohort
data for each of the various resilience and psychosocial risk
measures used in the study. In general, no measure displayed
each of three ideal psychometric characteristics (excellent model

fit, high item loadings, and high internal consistency reliability)
across the harmonized JHS, MESA, and MASALA cohorts
and also within each cohort. Although some measures did
display relatively better psychometric characteristics than others,
there was general concern about the overall quality of the
resilience and psychosocial risk measures. Another limitation of
harmonization was that we could only use the data available
in the cohorts. For example, self-rated health was measured
using different assessment tools in JHS and MESA studies,
and we dichotomized the variable into good and not good to
harmonize the measure. Similarly, all of the LS7 metrics and
neighborhood social cohesion were only available to be used,
or able to be controlled for, in the primary analyses which may
explain some of the observed differences in the findings between
the primary and secondary analyses. In addition, there may be
residual confounding or selection bias or measurement error,
especially given that many measures were self-reported. Further,
there may be model misspecification of our outcome regression
models (e.g., the relationship between continuous covariate
and outcome is not completely accurate even with the use of
restricted quadratic splines) (72, 97). Lastly, we may not have
been adequately powered to explore effect measure modification.

Despite these limitations, our study has several strengths.
First, to the best of our knowledge, our study is the first to
examine effect measure modification by levels of psychosocial
risks in the relationship between optimism and CVH outcomes
in racially/ethnically diverse populations, i.e., among African
American,White non-Hispanic, Asian, and Hispanic adults from
the MESA and JHS study. In the comparison between the two
cohort studies in our secondary analyses, we showed that the
findings from the data from the JHS participants, who were all
African American adults, were similar to the findings from the
data from MESA participants. However, the relationship was
weaker among the JHS participants, and even reversed in the
analyses by visit. This weakening or reversal in the relationship
between optimism and CVH outcomes may have been due
to random error because of a smaller sample size in JHS.
Second, utilizing harmonized data allowed for increased power to
examine the relationship between optimism and CVH outcomes
and for comparability between different cohorts. Third, we used
prospective observational cohort data to establish temporality.
Last, we used a modified Poisson regression model fit with
generalized estimating equations to estimate RRs and obtain
robust variances that account for clustered data (71).

The present study provided some evidence of a positive
relationship between higher optimism and better CVH using LS7
metrics in two U.S.-based cohorts. However, we did not find
clear evidence for a relationship between optimism and lower
cardiovascular risk (secondary analysis). Our study could not
utilize more metrics in the secondary analyses because dietary
intake and physical activity were not assessed in all follow-up
exams. However, some of the findings from this study suggest
that optimism is a promising area for intervention to improve
CVH, and prevent and reduce adverse CVD outcomes. Further
prospective studies are needed to assess the beneficial effects of
optimism-based interventions on CVH, especially in a diverse
population in the presence of varying levels of psychosocial risks.
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TABLE 8 | Cohort-stratified adjusted* risk ratios (aRR) for ideal or intermediate (no poor) metrics vs. at least 1 poor metric and aRR for lower cardiovascular risk (0–1 poor

metrics) vs. non-lower cardiovascular risk (2–4 poor metrics) by optimism levels at exam 2 in MESA and the second annual follow-up interview in JHS using four biological

Life’s Simple 7 measures (BMI, blood pressure, cholesterol, and glucose) assessed during follow-up subsequent to optimism assessment.

Outcome Optimism-visit product term in

outcome model

High vs. low optimism aRR (95% CI) Medium vs. low optimism aRR (95% CI)

JHS MESA JHS MESA

(N = 851) (N = 4,690) (N = 851) (N = 4,690)

Ideal or intermediate (no

poor) metrics vs. 1 or

more poor metrics

No optimism-visit product term 1.02 (0.82–1.26) 1.05 (0.98–1.13) 1.00 (0.77–1.30) 1.04 (0.97–1.11)

Optimism-visit product

term is present

Visit 1† 0.99 (0.81–1.22) 1.04 (0.97–1.12) 0.93 (0.70–1.23) 1.06 (0.99–1.14)

Visit 2† 1.06 (0.77–1.45) 1.07 (0.97–1.18) 1.11 (0.79–1.55) 1.00 (0.91–1.10)

Lower cardiovascular

risk (0–1 poor metrics)

vs. non–lower

cardiovascular risk (2–4

poor metrics)

No optimism-visit product term 0.96 (0.87–1.05) 1.01 (0.99–1.04) 0.96 (0.89–1.05) 1.01 (0.99–1.04)

Optimism-visit product

term is present

Visit 1‡ 0.99 (0.89–1.09) 1.02 (0.99–1.05) 0.93 (0.85–1.02) 1.01 (0.98–1.04)

Visit 2‡ 0.93 (0.82–1.04) 1.00 (0.96–1.03) 1.01 (0.90–1.12) 1.02 (0.98–1.05)

Clustering of observations by neighborhood was used in each outcome model. Clustering by neighborhood should also account for within subject correlation in the outcome when

subjects are nested within neighborhoods (76). Clustering by subject did not change inference.

*Adjusted for visit, age, sex, race, nativity, geographic region, marital status, self-rated health, insurance, self-history of CVH, family CVD history, religiosity, social support, education,

income, employment, anger, depression, chronic stress, discrimination, neighborhood deprivation, and neighborhood safety. In JHS, race, nativity, and geographic region were excluded

from the model because all participants were African American residing in one geographic region. In MESA, self-history of CVD was excluded from the model because all participants

were free of CVD at study enrollment.
†Optimism-visit product term coefficients for adjusted model in JHS: 0.18, 0.06, p = 0.52; in MESA: −0.06, 0.03, p = 0.21; p-value obtained from global chi-squared test.
‡Optimism-visit product term coefficients for adjusted model in JHS 0.07, −0.06, p = 0.07; in MESA: 0.01, −0.03, p = 0.23; p-value obtained from global chi-squared test.

DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because the data may be available by request and with permission
from the study sites at JHS, MASALA, and MESA. Requests
to access the datasets should be directed to JHS (https://www.
jacksonheartstudy.org/Research/Study-Data/Data-Access),
MASALA (https://www.masalastudy.org/for-researchers), and
MESA (https://www.mesa-nhlbi.org/Publications.aspx).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Boards (IRB) at each study
sites (JHS, MESA, and MASALA). The secondary analysis of the
data analyzed in this paper was approved by the IRB at Brown
University (Providence, Rhode Island). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

AD and CH contributed to the conception and design of the
study. AD, LD, and MS organized and harmonized the database.
JP performed the statistical analysis with the supervision of CH.
JP wrote the first draft of the manuscript. JP, AD, BN, MS, EL, JF,
LD, MS, CE, and CH contributed to manuscript revision, read,
and approved the submitted version. All authors contributed to
the article and approved the submitted version.

FUNDING

Research reported in this publication was supported by the
National Heart, Lung, and Blood Institute of the National

Institutes of Health under Award Number R01HL135200. One
hundred percent of the project costs ($438,847) are financed with
Federal money. The content is solely the responsibility of the
authors and does not necessarily represent the official views of
the National Institutes of Health.

The Jackson Heart Study (JHS) was supported
and conducted in collaboration with Jackson State
University (HHSN268201800013I), Tougaloo College
(HHSN268201800014I), the Mississippi State Department of
Health (HHSN268201800015I), and the University of Mississippi
Medical Center (HHSN268201800010I, HHSN268201800011I
and HHSN268201800012I) contracts from the National Heart,
Lung, and Blood Institute (NHLBI) and the National Institute on
Minority Health and Health Disparities (NIMHD).

The Multi-Ethnic Study of Atherosclerosis (MESA)
study was supported by contracts 75N92020D00001,
HHSN268201500003I, N01-HC-95159, 75N92020D00005,
N01-HC-95160, 75N92020D00002, N01-HC-95161,
75N92020D00003, N01-HC-95162, 75N92020D00006, N01-HC-
95163, 75N92020D00004, N01-HC-95164, 75N92020D00007,
N01-HC-95165, N01-HC-95166, N01-HC-95167, N01-HC-
95168, and N01-HC-95169 from the National Heart, Lung, and
Blood Institute, and by grants UL1-TR-000040, UL1-TR-001079,
and UL1-TR-001420 from the National Center for Advancing
Translational Sciences (NCATS). A full list of participating
MESA investigators and institutions can be found at: http://
www.mesa-nhlbi.org.

The Mediators of Atherosclerosis in South Asians Living
in America (MASALA) project described was supported by
Grant Number R01HL093009 from the National Heart, Lung,
and Blood Institute and the National Center for Research
Resources and the National Center for Advancing Translational
Sciences, National Institutes of Health, through UCSF-CTSI
Grant Number UL1RR024131.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 14 December 2021 | Volume 8 | Article 788194

https://www.jacksonheartstudy.org/Research/Study-Data/Data-Access
https://www.jacksonheartstudy.org/Research/Study-Data/Data-Access
https://www.masalastudy.org/for-researchers
https://www.mesa-nhlbi.org/Publications.aspx
http://www.mesa-nhlbi.org
http://www.mesa-nhlbi.org
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Park et al. Optimism and Cardiovascular Health

ACKNOWLEDGMENTS

The authors thank the investigators, the staff, and the
participants of the JHS, MESA, and MASALA study for their
valuable contributions.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.
2021.788194/full#supplementary-material

REFERENCES

1. CDC. Centers for Disease Control and Prevention: Heart Disease Facts. (2017).

Available online at: https://www.cdc.gov/heartdisease/facts.htm (accessed

September 4, 2019).

2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW,

Carson AP, et al. Heart disease and stroke statistics-2020 update: a

report from the American heart association. Circulation. (2020) 141:E139–

596. doi: 10.1161/CIR.0000000000000746

3. CDC. Health, United States Spotlight: Racial and Ethnic Disparities in Heart

Disease. (2019). Available online at: https://www.cdc.gov/nchs/hus/spotlight/

HeartDiseaseSpotlight_2019_0404.pdf

4. Churchwell K, Elkind MSV, Benjamin RM, Carson AP, Chang EK, Lawrence

W, et al. Call to action: structural racism as a fundamental driver of health

disparities: a presidential advisory from the American Heart Association.

Circulation. (2020) 142:e454–68. doi: 10.1161/CIR.0000000000000936

5. Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on

the pathogenesis of cardiovascular disease and implications for therapy.

Circulation. (1999) 99:2192–217. doi: 10.1161/01.CIR.99.16.2192

6. Lewis TT, Williams DR, Tamene M, Clark CR. Self-reported experiences of

discrimination and cardiovascular disease. Curr Cardiovasc Risk Rep. (2014)

8:365. doi: 10.1007/s12170-013-0365-2

7. Everson-Rose SA, Lewis TT. Psychosocial factors and

cardiovascular diseases. Annu Rev Public Health. (2005) 26:469–

500. doi: 10.1146/annurev.publhealth.26.021304.144542

8. Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, et

al. Social determinants of risk and outcomes for cardiovascular disease: a

scientific statement from the American Heart Association. Circulation. (2015)

132:873–98. doi: 10.1161/CIR.0000000000000228

9. Bailey ZD, Krieger N, Agenor M, Graves J, Linos N, Bassett MT. Structural

racism and health inequities in the USA: evidence and interventions. Lancet.

(2017) 389:1453–63. doi: 10.1016/S0140-6736(17)30569-X

10. Williams DR, Lawrence JA, Davis BA. Racism and health:

evidence and needed research. Annu Rev Public Health. (2019)

40:105–25. doi: 10.1146/annurev-publhealth-040218-043750

11. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van

Horn L, et al. Defining and setting national goals for cardiovascular

health promotion and disease reduction: the American Heart Association’s

strategic Impact Goal through 2020 and beyond. Circulation. (2010) 121:586–

613. doi: 10.1161/CIRCULATIONAHA.109.192703

12. Enserro DM, Vasan RS, Xanthakis V. Twenty-Year trends in the American

heart association cardiovascular health score and impact on subclinical and

clinical cardiovascular disease: The Framingham Offspring Study. J Am Heart

Assoc. (2018) 7:8741. doi: 10.1161/JAHA.118.008741

13. Folsom AR, Yatsuya H, Nettleton JA, Lutsey PL, Cushman M,

Rosamond WD, et al. Community prevalence of ideal cardiovascular

health, by the American Heart Association definition, and relationship

with cardiovascular disease incidence. J Am Coll Cardiol. (2011)

57:1690–6. doi: 10.1016/j.jacc.2010.11.041

14. Ford ES, Greenlund KJ, Hong Y. Ideal cardiovascular health

and mortality from all causes and diseases of the circulatory

system among adults in the United States. Circulation. (2012)

125:987–95. doi: 10.1161/CIRCULATIONAHA.111.049122

15. Nayor M, Enserro DM, Vasan RS, Xanthakis V. Cardiovascular health status

and incidence of heart failure in the Framingham Offspring Study. Circ Heart

Fail. (2016) 9:e002416. doi: 10.1161/CIRCHEARTFAILURE.115.002416

16. Zhao HY, Liu XX, Wang AX, Wu YT, Zheng XM, Zhao XH,

et al. Ideal cardiovascular health and incident hypertension: The

longitudinal community-based Kailuan study. Medicine. (2016)

95:e5415. doi: 10.1097/MD.0000000000005415

17. Kim S, Chang Y, Cho J, Hong YS, Zhao D, Kang J, et al. life’s simple 7

cardiovascular health metrics and progression of coronary artery calcium

in a low-risk population. Arterioscler Thromb Vasc Biol. (2019) 39:826–

33. doi: 10.1161/ATVBAHA.118.311821

18. Fang N, Jiang M, Fan Y. Ideal cardiovascular health metrics and risk of

cardiovascular disease or mortality: A meta-analysis. Int J Cardiol. (2016)

214:279–83. doi: 10.1016/j.ijcard.2016.03.210

19. Guo L, Zhang S. Association between ideal cardiovascular health metrics and

risk of cardiovascular events or mortality: A meta-analysis of prospective

studies. Clin Cardiol. (2017) 40:1339–46. doi: 10.1002/clc.22836

20. Sanchez E. Life’s simple 7: vital but not easy. J Am Heart Assoc. (2018)

7:9324. doi: 10.1161/JAHA.118.009324

21. Martikainen P, Bartley M, Lahelma E. Psychosocial determinants

of health in social epidemiology. Int J Epidemiol. (2002)

31:1091–3. doi: 10.1093/ije/31.6.1091

22. Rozanski A. Optimism and other sources of psychological well-being: a

new target for cardiac disease prevention. Circ Heart Fail. (2014) 7:385–

7. doi: 10.1161/CIRCHEARTFAILURE.114.001303

23. Burton NW, Pakenham KI, Brown WJ. Evaluating the effectiveness of

psychosocial resilience training for heart health, and the added value of

promoting physical activity: a cluster randomized trial of the READY

program. BMC Public Health. (2009) 9:427. doi: 10.1186/1471-2458-9-427

24. Felix AS, Lehman A, Nolan TS, Sealy-Jefferson S, Breathett K,

Hood DB, et al. Stress, resilience, and cardiovascular disease risk

among black women. Circ Cardiovasc Qual Outcomes. (2019)

12:e005284. doi: 10.1161/CIRCOUTCOMES.118.005284

25. SteinhardtMA,MamerowMM, Brown SA, Jolly CA. A resilience intervention

in African American adults with type 2 diabetes: a pilot study of efficacy.

Diabetes Educ. (2009) 35:274–84. doi: 10.1177/0145721708329698

26. Boehm JK, Kubzansky LD. The heart’s content: the association between

positive psychological well-being and cardiovascular health. Psychol Bull.

(2012) 138:655–91. doi: 10.1037/a0027448

27. Chan IWS, Lai JCL, Wong KWN. Resilience is associated with better recovery

in Chinese people diagnosed with coronary heart disease. Psychol Health.

(2006) 21:335–49. doi: 10.1080/14768320500215137

28. Gallo LC, Ghaed SG, Bracken WS. Emotions and cognitions in coronary

heart disease: Risk, resilience, and social context. Cognitive Ther Res. (2004)

28:669–94. doi: 10.1023/B:COTR.0000045571.11566.19

29. DuBois CM, Lopez OV, Beale EE, Healy BC, Boehm JK, Huffman JC.

Relationships between positive psychological constructs and health outcomes

in patients with cardiovascular disease: A systematic review. Int J Cardiol.

(2015) 195:265–80. doi: 10.1016/j.ijcard.2015.05.121

30. Luthar SS, Cicchetti D, Becker B. The construct of resilience: a critical

evaluation and guidelines for future work. Child Dev. (2000) 71:543–

62. doi: 10.1111/1467-8624.00164

31. Masten AS, Obradovic J. Competence and resilience in development. Ann N

Y Acad Sci. (2006) 1094:13–27. doi: 10.1196/annals.1376.003

32. Dulin AJ, Dale SK, Earnshaw VA, Fava JL, Mugavero MJ, Napravnik S, et al.

Resilience and HIV: a review of the definition and study of resilience. AIDS

Care. (2018) 30:S6–17. doi: 10.1080/09540121.2018.1515470

33. Gallo LC, Matthews KA. Understanding the association between

socioeconomic status and physical health: do negative emotions play a

role? Psychol Bull. (2003) 129:10–51. doi: 10.1037/0033-2909.129.1.10

34. Gallo LC, de Los Monteros KE, Shivpuri S. Socioeconomic status and health:

what is the role of reserve capacity? Curr Dir Psychol Sci. (2009) 18:269–

74. doi: 10.1111/j.1467-8721.2009.01650.x

Frontiers in Cardiovascular Medicine | www.frontiersin.org 15 December 2021 | Volume 8 | Article 788194

https://www.frontiersin.org/articles/10.3389/fcvm.2021.788194/full#supplementary-material
https://www.cdc.gov/heartdisease/facts.htm
https://doi.org/10.1161/CIR.0000000000000746
https://www.cdc.gov/nchs/hus/spotlight/HeartDiseaseSpotlight_2019_0404.pdf
https://www.cdc.gov/nchs/hus/spotlight/HeartDiseaseSpotlight_2019_0404.pdf
https://doi.org/10.1161/CIR.0000000000000936
https://doi.org/10.1161/01.CIR.99.16.2192
https://doi.org/10.1007/s12170-013-0365-2
https://doi.org/10.1146/annurev.publhealth.26.021304.144542
https://doi.org/10.1161/CIR.0000000000000228
https://doi.org/10.1016/S0140-6736(17)30569-X
https://doi.org/10.1146/annurev-publhealth-040218-043750
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1161/JAHA.118.008741
https://doi.org/10.1016/j.jacc.2010.11.041
https://doi.org/10.1161/CIRCULATIONAHA.111.049122
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002416
https://doi.org/10.1097/MD.0000000000005415
https://doi.org/10.1161/ATVBAHA.118.311821
https://doi.org/10.1016/j.ijcard.2016.03.210
https://doi.org/10.1002/clc.22836
https://doi.org/10.1161/JAHA.118.009324
https://doi.org/10.1093/ije/31.6.1091
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001303
https://doi.org/10.1186/1471-2458-9-427
https://doi.org/10.1161/CIRCOUTCOMES.118.005284
https://doi.org/10.1177/0145721708329698
https://doi.org/10.1037/a0027448
https://doi.org/10.1080/14768320500215137
https://doi.org/10.1023/B:COTR.0000045571.11566.19
https://doi.org/10.1016/j.ijcard.2015.05.121
https://doi.org/10.1111/1467-8624.00164
https://doi.org/10.1196/annals.1376.003
https://doi.org/10.1080/09540121.2018.1515470
https://doi.org/10.1037/0033-2909.129.1.10
https://doi.org/10.1111/j.1467-8721.2009.01650.x
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Park et al. Optimism and Cardiovascular Health

35. Park JW, Mealy R, Saldanha IJ, Loucks EB, Needham BL, Sims M,

et al. Multilevel resilience resources and cardiovascular disease in the

United States: A systematic review and meta-analysis. Health Psychol.

(2021). doi: 10.1037/hea0001069. [Epub ahead of print].

36. Scheier MF, Carver CS. Dispositional optimism and physical well-being:

the influence of generalized outcome expectancies on health. J Pers. (1987)

55:169–210. doi: 10.1111/j.1467-6494.1987.tb00434.x

37. Rozanski A, Bavishi C, Kubzansky LD, Cohen R. Association of

optimism with cardiovascular events and all-cause mortality: a

systematic review and meta-analysis. JAMA Netw Open. (2019)

2:e1912200. doi: 10.1001/jamanetworkopen.2019.12200

38. Hernandez R, González HM, Tarraf W, Moskowitz JT, Carnethon MR,

Gallo LC, et al. Association of dispositional optimism with life’s simple 7’s

cardiovascular health index: results from the hispanic community health

study/study of latinos (HCHS/SOL) sociocultural ancillary study (SCAS). BMJ

Open. (2018) 8:e019434. doi: 10.1136/bmjopen-2017-019434

39. Hernandez R, Kershaw KN, Siddique J, Boehm JK, Kubzansky LD,

Diez-Roux A, et al. Optimism and cardiovascular health: multi-ethnic

study of atherosclerosis (MESA). Health Behav Policy Rev. (2015) 2:62–

73. doi: 10.14485/HBPR.2.1.6

40. Sims M, Glover LM, Norwood AF, Jordan C, Min YI, Brewer LC, et al.

Optimism and cardiovascular health among African Americans in the Jackson

Heart Study. Prev Med. (2019) 129:105826. doi: 10.1016/j.ypmed.2019.105826

41. Boehm JK, Qureshi F, Chen Y, Soo J, Umukoro P, Hernandez R, et al.

Optimism and cardiovascular health: longitudinal findings from the coronary

artery risk development in young adults study. Psychosom Med. (2020)

82:774–81. doi: 10.1097/PSY.0000000000000855

42. Boehm JK, Chen Y, Koga H, Mathur MB, Vie LL, Kubzansky

LD. Is optimism associated with healthier cardiovascular-related

behavior? Meta-analyses of 3 health behaviors. Circ Res. (2018)

122:1119–34. doi: 10.1161/CIRCRESAHA.117.310828

43. Clark CR, Ommerborn MJ, Hickson DA, Grooms KN, Sims M, Taylor HA,

et al. Neighborhood disadvantage, neighborhood safety and cardiometabolic

risk factors in African Americans: biosocial associations in the Jackson Heart

study. PLoS ONE. (2013) 8:e63254. doi: 10.1371/journal.pone.0063254

44. Sims M, Diez-Roux AV, Dudley A, Gebreab S, Wyatt SB, Bruce MA, et

al. Perceived discrimination and hypertension among African Americans

in the Jackson Heart Study. Am J Public Health. (2012) 102:S258–

65. doi: 10.2105/AJPH.2011.300523

45. Kershaw KN, Roux AVD, Bertoni A, Carnethon MR, Everson-Rose SA,

Liu K. Associations of chronic individual-level and neighbourhood-

level stressors with incident coronary heart disease: the Multi-

Ethnic Study of Atherosclerosis. J Epidemiol Commun H. (2015)

69:136–41. doi: 10.1136/jech-2014-204217

46. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, et al.

Multi-Ethnic Study of Atherosclerosis: objectives and design. Am J Epidemiol.

(2002) 156:871–81. doi: 10.1093/aje/kwf113

47. Taylor HA Jr, Wilson JG, Jones DW, Sarpong DF, Srinivasan A, et al. Toward

resolution of cardiovascular health disparities in African Americans: design

and methods of the Jackson Heart Study. Ethn Dis. (2005) 15(4 Suppl 6):S6–

4–17.

48. Kanaya AM, Kandula N, Herrington D, Budoff MJ, Hulley S, Vittinghoff

E, et al. Mediators of atherosclerosis in South Asians living in America

(MASALA) study: objectives, methods, and cohort description. Clin Cardiol.

(2013) 36:713–20. doi: 10.1002/clc.22219

49. Keku E, Rosamond W, Taylor HA, Garrison R, Wyatt SB. Cardiovascular

disease event classification in the Jackson Heart Study: methods and

procedures. Ethn Dis. (2005) 15(4 Suppl 6):S6–62–70.

50. Scheier MF, Carver CS. Optimism, coping, and health: assessment and

implications of generalized outcome expectancies. Health Psychol. (1985)

4:219–47. doi: 10.1037/0278-6133.4.3.219

51. Underwood LG, Teresi JA. The daily spiritual experience scale: development,

theoretical description, reliability, exploratory factor analysis, and preliminary

construct validity using health-related data. Ann Behav Med. (2002) 24:22–

33. doi: 10.1207/S15324796ABM2401_04

52. Payne TJ, Andrew M, Butler KR, Wyatt SB, Dubbert PM, Mosley

TH. Psychometric evaluation of the interpersonal support evaluation

list-short form in the ARIC study cohort. SAGE Open. (2012)

2:2158244012461923. doi: 10.1177/2158244012461923

53. Mitchell PH, Powell L, Blumenthal J, Norten J, Ironson G, Pitula CR, et

al. A short social support measure for patients recovering from myocardial

infarction: the ENRICHD Social Support Inventory. J Cardiopulm Rehabil.

(2003) 23:398–403. doi: 10.1097/00008483-200311000-00001

54. Sampson RJ, Raudenbush SW, Earls F. Neighborhoods and violent

crime: a multilevel study of collective efficacy. Science. (1997) 277:918–

24. doi: 10.1126/science.277.5328.918

55. Glover LM, Bertoni AG, Golden SH, Baltrus P, Min YI, Carnethon MR, et

al. Sex differences in the association of psychosocial resources with prevalent

type 2 diabetes amongAfrican Americans: The JacksonHeart Study. J Diabetes

Complications. (2019) 33:113–7. doi: 10.1016/j.jdiacomp.2018.11.005

56. Barber S, Hickson DA, Kawachi I, Subramanian SV, Earls F. Double-

jeopardy: The joint impact of neighborhood disadvantage and low social

cohesion on cumulative risk of disease among African American men

and women in the Jackson Heart Study. Soc Sci Med. (2016) 153:107–

15. doi: 10.1016/j.socscimed.2016.02.001

57. Spielberger C, Gorsuch R, Lushene R, Vaag P, Jacobs G. Manual for the State-

Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologist Press (1983).

58. Radloff LS. The CES-D Scale: a self-report depression scale for

research in the general population. Appl Psychol Measure. (1977)

1:385–401. doi: 10.1177/014662167700100306

59. Troxel WM, Matthews KA, Bromberger JT, Sutton-Tyrrell K. Chronic

stress burden, discrimination, and subclinical carotid artery disease in

African American and Caucasian women. Health Psychol. (2003) 22:300–

309. doi: 10.1037/0278-6133.22.3.300

60. Williams DR, Yan Y, Jackson JS, Anderson NB. Racial differences in physical

and mental health: socio-economic status, stress and discrimination. J Health

Psychol. (1997) 2:335–51. doi: 10.1177/135910539700200305

61. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto FJ, et al.

Neighborhood of residence and incidence of coronary heart disease. N Engl J

Med. (2001) 345:99–106. doi: 10.1056/NEJM200107123450205

62. Sims M, Glover LSM, Gebreab SY, Spruill TM. Cumulative psychosocial

factors are associated with cardiovascular disease risk factors andmanagement

among African Americans in the Jackson Heart Study. BMC Public Health.

(2020) 20:566. doi: 10.1186/s12889-020-08573-0

63. Spruill TM, Shallcross AJ, Ogedegbe G, Chaplin WF, Butler M, Palfrey

A, et al. Psychosocial correlates of nocturnal blood pressure dipping in

African Americans: The Jackson Heart Study. Am J Hypertens. (2016) 29:904–

12. doi: 10.1093/ajh/hpw008

64. Roy B, Diez-Roux AV, Seeman T, Ranjit N, Shea S, Cushman M. Association

of optimism and pessimism with inflammation and hemostasis in the Multi-

Ethnic Study of Atherosclerosis (MESA). Psychosom Med. (2010) 72:134–

40. doi: 10.1097/PSY.0b013e3181cb981b

65. Ranjit N, Diez-Roux AV, Shea S, Cushman M, Ni H, Seeman

T. Socioeconomic position, race/ethnicity, and inflammation in

the multi-ethnic study of atherosclerosis. Circulation. (2007)

116:2383–90. doi: 10.1161/CIRCULATIONAHA.107.706226

66. Anderson MD, Merkin SS, Everson-Rose SA, Widome R, Seeman T, Magnani

JW, et al. Health literacy within a diverse community-based cohort: the

multi-ethnic study of atherosclerosis. J Immigr Minor Health. (2020) 23:659–

67. doi: 10.1007/s10903-020-01123-1

67. Brewer LC, Redmond N, Slusser JP, Scott CG, Chamberlain AM, Djousse L,

et al. Stress and achievement of cardiovascular health metrics: The American

heart association life’s simple 7 in blacks of the Jackson heart study. J AmHeart

Assoc. (2018) 7:8855. doi: 10.1161/JAHA.118.008855

68. Ogunmoroti O, Oni E, Michos ED, Spatz ES, Allen NB, Rana JS, et al. Life’s

simple 7 and incident heart failure: the multi-ethnic study of atherosclerosis. J

Am Heart Assoc. (2017) 6:5180. doi: 10.1161/JAHA.116.005180

69. Perak AM, Lancki N, Kuang A, Labarthe DR, Allen NB, Shah SH,

et al. Associations of maternal cardiovascular health in pregnancy with

offspring cardiovascular health in early adolescence. JAMA. (2021) 325:658–

68. doi: 10.1001/jama.2021.0247

70. Vandersmissen GJM, Schouteden M, Verbeek C, Bulterys S, Godderis L.

Prevalence of high cardiovascular risk by economic sector. Int Arch Occup

Environ Health. (2020) 93:133–42. doi: 10.1007/s00420-019-01458-9

Frontiers in Cardiovascular Medicine | www.frontiersin.org 16 December 2021 | Volume 8 | Article 788194

https://doi.org/10.1037/hea0001069
https://doi.org/10.1111/j.1467-6494.1987.tb00434.x
https://doi.org/10.1001/jamanetworkopen.2019.12200
https://doi.org/10.1136/bmjopen-2017-019434
https://doi.org/10.14485/HBPR.2.1.6
https://doi.org/10.1016/j.ypmed.2019.105826
https://doi.org/10.1097/PSY.0000000000000855
https://doi.org/10.1161/CIRCRESAHA.117.310828
https://doi.org/10.1371/journal.pone.0063254
https://doi.org/10.2105/AJPH.2011.300523
https://doi.org/10.1136/jech-2014-204217
https://doi.org/10.1093/aje/kwf113
https://doi.org/10.1002/clc.22219
https://doi.org/10.1037/0278-6133.4.3.219
https://doi.org/10.1207/S15324796ABM2401_04
https://doi.org/10.1177/2158244012461923
https://doi.org/10.1097/00008483-200311000-00001
https://doi.org/10.1126/science.277.5328.918
https://doi.org/10.1016/j.jdiacomp.2018.11.005
https://doi.org/10.1016/j.socscimed.2016.02.001
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1037/0278-6133.22.3.300
https://doi.org/10.1177/135910539700200305
https://doi.org/10.1056/NEJM200107123450205
https://doi.org/10.1186/s12889-020-08573-0
https://doi.org/10.1093/ajh/hpw008
https://doi.org/10.1097/PSY.0b013e3181cb981b
https://doi.org/10.1161/CIRCULATIONAHA.107.706226
https://doi.org/10.1007/s10903-020-01123-1
https://doi.org/10.1161/JAHA.118.008855
https://doi.org/10.1161/JAHA.116.005180
https://doi.org/10.1001/jama.2021.0247
https://doi.org/10.1007/s00420-019-01458-9
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Park et al. Optimism and Cardiovascular Health

71. Zou GY, Donner A. Extension of the modified Poisson regression model to

prospective studies with correlated binary data. Stat Methods Med Res. (2013)

22:661–70. doi: 10.1177/0962280211427759

72. Howe CJ, Cole SR, Westreich DJ, Greenland S, Napravnik S, Eron JJ. Splines

for trend analysis and continuous confounder control. Epidemiology. (2011)

22:874–5. doi: 10.1097/EDE.0b013e31823029dd

73. Greenland S, Pearce N. Statistical foundations for model-

based adjustments. Annu Rev Public Health. (2015) 36:89–

108. doi: 10.1146/annurev-publhealth-031914-122559

74. Chiba Y, VanderWeele TJ. A simple method for principal strata effects when

the outcome has been truncated due to death. Am J Epidemiol. (2011)

173:745–51. doi: 10.1093/aje/kwq418

75. Vanderweele TJ. Principal stratification–uses and limitations. Int J Biostat.

(2011) 7:1329. doi: 10.2202/1557-4679.1329

76. Miglioretti DL, Heagerty PJ. Marginal modeling of nonnested

multilevel data using standard software. Am J Epidemiol. (2007)

165:453–63. doi: 10.1093/aje/kwk020

77. Wasserstein RL, Schirm AL, Lazar NA. Moving to a world beyond “p < 0.05”.

Am Statistician. (2019) 73:1–19. doi: 10.1080/00031305.2019.1583913

78. Amrhein V, Greenland S, McShane B. Scientists rise up against statistical

significance. Nature. (2019) 567:305–7. doi: 10.1038/d41586-019-00857-9

79. Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman

SN, et al. Statistical tests, P values, confidence intervals, and

power: a guide to misinterpretations. Eur J Epidemiol. (2016)

31:337–50. doi: 10.1007/s10654-016-0149-3

80. Greenland S. Effect Modification and Interaction. Wiley StatsRef: Statistics

Reference Online (2015). doi: 10.1002/9781118445112.stat03728.pub2

81. Huffman JC, Legler SR, Boehm JK. Positive psychological well-being and

health in patients with heart disease: a brief review. Future Cardiol. (2017)

13:443–50. doi: 10.2217/fca-2017-0016

82. Rasmussen HN, Scheier MF, Greenhouse JB. Optimism and

physical health: a meta-analytic review. Ann Behav Med. (2009)

37:239–56. doi: 10.1007/s12160-009-9111-x

83. Boehm JK, Vie LL, Kubzansky LD. The promise of well-being interventions

for improving health risk behaviors. Curr Cardiovasc Risk Rep. (2012) 6:511–

519. doi: 10.1007/s12170-012-0273-x

84. Guidi J, Lucente M, Sonino N, Fava GA. Allostatic load and its impact

on health: a systematic review. Psychother Psychosom. (2021) 90:11–

27. doi: 10.1159/000510696

85. Matthews KA, Gallo LC. Psychological perspectives on pathways linking

socioeconomic status and physical health. Annu Rev Psychol. (2011) 62:501–

30. doi: 10.1146/annurev.psych.031809.130711

86. Boehm JK, Chen Y, Williams DR, Ryff C, Kubzansky LD. Unequally

distributed psychological assets: are there social disparities in

optimism, life satisfaction, and positive affect? PLoS ONE. (2015)

10:e0118066. doi: 10.1371/journal.pone.0118066

87. Carver CS, Scheier MF, Segerstrom SC. Optimism. Clin Psychol Rev. (2010)

30:879–89. doi: 10.1016/j.cpr.2010.01.006

88. Meevissen YM, Peters ML, Alberts HJ. Become more optimistic by imagining

a best possible self: effects of a two week intervention. J Behav Ther Exp

Psychiatry. (2011) 42:371–8. doi: 10.1016/j.jbtep.2011.02.012

89. Carver CS, Scheier MF. Dispositional optimism. Trends Cogn Sci. (2014)

18:293–9. doi: 10.1016/j.tics.2014.02.003

90. Carrillo A, Martinez-Sanchis M, Etchemendy E, Banos RM.

Qualitative analysis of the best possible self-intervention: underlying

mechanisms that influence its efficacy. PLoS ONE. (2019)

14:e0216896. doi: 10.1371/journal.pone.0216896

91. Carrillo A, Rubio-Aparicio M, Molinari G, Enrique A, Sanchez-

Meca J, Banos RM. Effects of the best possible self-intervention:

a systematic review and meta-analysis. PLoS ONE. (2019)

14:e0222386. doi: 10.1371/journal.pone.0222386

92. Malouff JM, Schutte NS. Can psychological interventions

increase optimism? A meta-analysis. J Posit Psychol. (2017)

12:594–604. doi: 10.1080/17439760.2016.1221122

93. Peterson JC, Charlson ME, Hoffman Z, Wells MT, Wong SC, Hollenberg JP,

et al. A randomized controlled trial of positive-affect induction to promote

physical activity after percutaneous coronary intervention. Arch Intern Med.

(2012) 172:329–36. doi: 10.1001/archinternmed.2011.1311

94. Celano CM, Freedman ME, Beale EE, Gomez-Bernal F, Huffman JC. A

positive psychology intervention to promote health behaviors in heart

failure: a proof-of-concept trial. J Nerv Ment Dis. (2018) 206:800–

8. doi: 10.1097/NMD.0000000000000883

95. Kubzansky LD, Huffman JC, Boehm JK, Hernandez R, Kim ES, Koga

HK, et al. Positive psychological well-being and cardiovascular disease:

JACC health promotion series. J Am Coll Cardiol. (2018) 72:1382–

96. doi: 10.1016/j.jacc.2018.07.042

96. Huffman JC, Millstein RA, Mastromauro CA, Moore SV, Celano CM, Bedoya

CA, et al. A positive psychology intervention for patients with an acute

coronary syndrome: treatment development and proof-of-concept trial. J

Happiness Stud. (2016) 17:1985–2006. doi: 10.1007/s10902-015-9681-1

97. HernanMA, Robins JM. Causal Inference: What If. Boca Raton, FL: Chapman

& Hall/CRC (2020).

Author Disclaimer: The views expressed in this manuscript are those of the

authors and do not necessarily represent the views of the National Heart, Lung,

and Blood Institute; the National Institutes of Health; or the U.S. Department of

Health and Human Services.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Park, Dulin, Needham, Sims, Loucks, Fava, Dionne, Scarpaci,

Eaton and Howe. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 17 December 2021 | Volume 8 | Article 788194

https://doi.org/10.1177/0962280211427759
https://doi.org/10.1097/EDE.0b013e31823029dd
https://doi.org/10.1146/annurev-publhealth-031914-122559
https://doi.org/10.1093/aje/kwq418
https://doi.org/10.2202/1557-4679.1329
https://doi.org/10.1093/aje/kwk020
https://doi.org/10.1080/00031305.2019.1583913
https://doi.org/10.1038/d41586-019-00857-9
https://doi.org/10.1007/s10654-016-0149-3
https://doi.org/10.1002/9781118445112.stat03728.pub2
https://doi.org/10.2217/fca-2017-0016
https://doi.org/10.1007/s12160-009-9111-x
https://doi.org/10.1007/s12170-012-0273-x
https://doi.org/10.1159/000510696
https://doi.org/10.1146/annurev.psych.031809.130711
https://doi.org/10.1371/journal.pone.0118066
https://doi.org/10.1016/j.cpr.2010.01.006
https://doi.org/10.1016/j.jbtep.2011.02.012
https://doi.org/10.1016/j.tics.2014.02.003
https://doi.org/10.1371/journal.pone.0216896
https://doi.org/10.1371/journal.pone.0222386
https://doi.org/10.1080/17439760.2016.1221122
https://doi.org/10.1001/archinternmed.2011.1311
https://doi.org/10.1097/NMD.0000000000000883
https://doi.org/10.1016/j.jacc.2018.07.042
https://doi.org/10.1007/s10902-015-9681-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Examining Optimism, Psychosocial Risks, and Cardiovascular Health Using Life's Simple 7 Metrics in the Multi-Ethnic Study of Atherosclerosis and the Jackson Heart Study
	Introduction
	Methods
	Study Population
	Measures
	Statistical Analysis

	Results
	Primary Analyses
	Secondary Analyses
	Sensitivity Analyses

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


