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Abstract

Empirical research regarding the health benefits of positive
psychological well-being (e.g., positive emotions, life satis-
faction, purpose in life, and optimism) has flourished in
recent years, particularly with regard to cardiovascular
disease. This paper reviews the state of evidence for well-
being's association with cardiovascular disease in both
healthy individuals and those diagnosed with a disease.
Prospective studies consistently indicate well-being re-
duces cardiovascular events in healthy and, to a lesser
extent, patient populations. Potential pathways that link
well-being with cardiovascular disease are discussed
(including health behaviors, physiological processes, and
stress buffering), although the existing evidence is mostly
cross-sectional which limits conclusions about direction-
ality. Issues related to development across the lifespan are
considered and childhood is identified as a crucial period
for establishing healthy cardiovascular trajectories.
Outstanding questions for future research are provided
with recommendations to focus on well-powered and pro-
spective study designs with rigorous assessment of both

well-being and cardiovascular-related outcomes.
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H_WILEY BOEHM
1 | INTRODUCTION

In the last 30 years, empirical research related to positive psychological well-being (hereafter shortened to well-
being) has exploded. Well-being is distinct from markers of psychological distress such as depression and anxiety,
the latter of which may indicate the presence of poor psychological functioning. By contrast, well-being is defined
as the “positive feelings, cognitions, and strategies of individuals who function well in their life and evaluate their
life favorably” (Boehm & Kubzansky, 2012, p. 656). Rather than signaling a deficit or problem to be solved, well-
being signals that life is going well or that psychological resources are present. Well-being is a broad concept
that encompasses constructs from various theoretical traditions including positive emotions, life satisfaction,
purpose in life, and optimism. Different taxonomies of well-being have been proposed (Diener, Suh, et al., 1999;
Keyes et al., 2002; Ryan & Deci, 2001; Steptoe, 2019), the most prominent of which include hedonic well-being
(colloquially referred to as happiness and assessed via positive emotions and satisfaction with life) and eudai-
monic well-being (fulfilling one's potential and assessed via purpose in life).

Well-being feels good in its own right, but is also associated with beneficial outcomes including supportive
social relationships (Algoe, 2019; Diener et al., 2018), career success (Walsh et al., 2018), and healthier and longer
lives (Boehm & Kubzansky, 2012; Martin-Maria et al., 2017; Steptoe, 2019). Perhaps the most robust evidence for
the latter comes from the area of cardiovascular disease (CVD), which is the leading cause of death worldwide and
includes diagnoses such as coronary heart disease and stroke (Virani et al., 2020). Although a robust association
exists between psychological distress and increased risk of CVD (Suls, 2018), only recently has well-being
demonstrated its own independent associations with CVD. Research in this area has caught the attention of the
American Heart Association, which identified well-being as “an important frontier of knowledge” in its 2030 goal to
promote healthier lives for all members of the population (Angell et al., 2020, p. e127). As such, this is a key time to
evaluate the current state of evidence for well-being's connection to CVD.

The primary hypothesis guiding this work is that people with greater levels of well-being have reduced risk of
CVD. Moreover, any apparent association may be due to underlying processes related to health behaviors,
physiological function, and buffering against stress. The overarching theoretical framework for these associations is
depicted in Figure 1. To evaluate these connections, this paper first reviews the evidence for an association
between well-being and CVD, as depicted by the green rectangle and red diamond in Figure 1. Next, well-being's
association with pathways that potentially link well-being with CVD (represented by the blue double-headed arrow
and yellow triangle in Figure 1) will be examined. These associations are discussed within a development context
(represented by the unidirectional arrow at the bottom of Figure 1) and issues related to the social and physical
environment are briefly considered. Finally, outstanding questions for future research are discussed.

2 | ASSESSING AND CONCEPTUALIZING WELL-BEING

Although well-being is displayed concisely in Figure 1, its assessment and theoretical conceptualization are not
straightforward in practice. There is substantial debate about which measure of well-being should be prioritized for
assessment and how well-being should be optimally assessed (Ryff et al., 2020; VanderWeele et al., 2020). Oftentimes,
there are even moderately strong intercorrelations between different indicators of well-being (Kashdan et al., 2008),
so strict theoretical distinctions in well-being may not be adequately captured with current assessment methods.
Moreover, most research in this area has been based on large epidemiological cohorts that assess thousands of people
over time to determine who develops CVD. Until recently, such epidemiological cohorts had only limited assessments
of psychological factors and even more rare, assessments of well-being. Thus, researchers have been somewhat
constrained by the specific indicators of well-being that were assessed (often single items, sometimes shortened or
unvalidated scales). Given that one indicator of well-being is not consistently used in this area of research and evi-

dence is not clear regarding which indicator of well-being is most relevant, the review that follows considers a variety
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of common well-being indicators including life satisfaction (an overall evaluation of one's life; Pavot & Diener, 2008),

positive affect (the experience of positive emotions; Pressman et al., 2018), life purpose (having valued goals and
activities in one's life; McKnight & Kashdan, 2009), and optimism (favorable expectations for the future; Carver
et al,, 2010). Whenever possible, the specific indicator of well-being used in each study is noted.

3 | WELL-BEING'S LONGITUDINAL ASSOCIATION WITH CVD

The association between well-being and cardiovascular outcomes may look different depending on whether
well-being is assessed when people are initially healthy or after they have been diagnosed with CVD. Indeed,
cardiovascular outcomes and study methodologies (e.g., size and length of investigation) may also differ between
these groups. For people who start a study healthy, researchers tend to measure well-being at baseline and then
follow participants across years or decades to see which baseline characteristics were associated with the first
diagnosis of CVD. CVD can be defined in a variety of ways, but often include physician-diagnosed heart attack or
stroke, or death from a cardiovascular-related cause. The relevant question for these types of studies is whether
baseline levels of well-being reduce the risk of initial CVD diagnoses during a subsequent time period (i.e., incident
CVD). For people diagnosed with CVD prior to a study's baseline, the outcome of interest is typically a secondary
event like another heart attack, hospitalization, or death. The question then becomes whether well-being reduces risk
of these secondary CVD events (i.e., whether well-being delays disease processes that are already underway). Because
well-being's role may differ in these two scenarios, we review the evidence published to date separately. In general,
however, strong evidence for well-being's association with reduced risk of CVD is characterized by longitudinal
studies that assess well-being with a validated measure, follow individuals across multiple years to see who goes on to
experience an objectively assessed cardiovascular event, and statistically adjust for potential confounders or

mechanisms such as socioeconomic status, health behaviors, and psychological distress (Boehm & Kubzansky, 2012).

3.1 | Well-being's longitudinal association with CVD in initially healthy individuals

Consistent with the primary hypothesis guiding this work, evidence from the studies of initially healthy people show
that higher levels of well-being tend to be associated with reduced risk of incident CVD (i.e., the first diagnosis of
CVD). For example, in one study with nearly 8000 British civil servants, those with the highest baseline levels of life
satisfaction had 13% reduced risk of coronary heart disease 5 years later (Boehm et al., 2011). These findings were
robust to confounders including psychological distress. In addition, among nearly 7000 older adults in the United
States, those with low versus high levels of purpose in life had higher risk of death due to heart-related conditions
(Alimujiang et al., 2019). Two meta-analyses have summarized existing work and found that higher levels of
optimism and life purpose were each associated with 35% reduced risk of experiencing a first-time cardiovascular
event (Cohen et al., 2015; Rozanski et al., 2019). Thus, it appears that well-being is prospectively associated with
better cardiovascular outcomes among people who start studies healthy.

3.2 | Well-being's longitudinal association with CVD in individuals diagnosed with CVD

In line with evidence from initially healthy individuals, well-being appears to be related to reduced risk of a
secondary CVD event in those people with a pre-existing CVD diagnosis. One systematic review has examined
studies of people with known heart disease to determine whether well-being was associated with reduced risk for
cardiovascular events such as re-hospitalizations and death (DuBois et al., 2015). Although participant charac-

teristics (e.g., diagnosis type) and study methodologies (e.g., outcomes, sample sizes, duration of follow-up, and
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control for confounders) differed, individuals with higher versus lower levels of well-being had 11% reduced risk of

mortality and 19% reduced risk of re-hospitalization (DuBois, et al., 2015). For example, one study assessed positive
emotions in more than 800 cardiac patients and then re-assessed them 11 years later (Brummett et al., 2005).
Individuals with higher levels of positive emotions had 20% reduced risk of mortality. However, when depression
was considered alongside positive emotions, associations were attenuated.

The association between well-being and longevity among CVD patients may exist because well-being is related
to better treatment adherence (Bassett et al., 2019). For example, among more than 600 people with coronary
heart disease, increases in positive emotions across 5 years co-occurred with improved medication adherence when
accounting for sociodemographic characteristics, body mass index (BMI), lipids, and depressive symptoms. In
another study, 400 individuals reported their positive emotions and optimism within 1 month of percutaneous
coronary intervention (a non-surgical procedure to open blood vessels near the heart). Higher levels of optimism
and positive emotions were each associated with better self-reported adherence to recommended treatments 6
months later; however, only optimism's association was maintained when adjusting for covariates like psychological
distress (van Montfort et al., 2016).

3.2.1 | Summary of findings for well-being's longitudinal association with CVD

Prospective longitudinal studies of initially healthy individuals provide the most robust evidence to date that well-
being may precede and reduce CVD risk. However, such observational studies may be subject to residual con-
founding by unmeasured variables and cannot establish causality. Future work that examines changes in well-being
over time in relation to CVD (Martin-Maria, et al., 2017) or that targets well-being in randomized trials (Kubzansky,
Huffman, et al., 2018) are necessary next steps.

In general, well-being also seems to play a role in the progression of CVD (i.e., experiencing subsequent cardio-
vascular events after a CVD diagnosis). However, these associations may not be as large or as robust as those in healthy
populations, perhaps because disease processes are well-underway once a diagnosis is received. Moreover, well-be-
ing's relatively small effects may not be enough to counter entrenched disease trajectories. It is also possible that well-

being and psychological distress may be more closely intertwined in patient populationsrelative to healthy populations.

4 | PATHWAYS LINKING WELL-BEING AND CVD

Given evidence pointing to an association between well-being and CVD, researchers have proposed underlying
pathways linking the two together. These include an indirect pathway via health behaviors, a direct pathway
through physiological processes, and buffering against the detrimental effects of stress (Figure 1). Well-being is
expected to bolster restorative processes like sleep and high-density lipoprotein cholesterol (HDL-C; i.e., “good”
cholesterol that removes “bad” cholesterol like low-density lipoprotein cholesterol [LDL-C] from the bloodstream;
Robles & Carroll, 2011) as well as diminish deteriorative processes like cigarette smoking and atherosclerosis (i.e.,
buildup of plaque in the arteries). In turn, restorative processes are expected to reduce the risk of CVD while
deteriorative processes are expected to increase the risk of CVD. Evidence for well-being's association with each

potential pathway appears in the subsequent subsections.

4.1 | Well-being's association with health behaviors

Well-being may reduce risk of CVD by encouraging individuals to engage in restorative, health-promoting

behaviors (e.g., eating fruits and vegetables) and avoid deteriorative, health-diminishing behaviors (e.g.,



S—Wl LEY BOEHM

cigarette smoking). In other words, well-being may foster a healthy lifestyle (Trudel-Fitzgerald, James,

et al,, 2019). A meta-analysis examining optimism's association with three health behaviors critical for CVD—
physical activity, dietary consumption, and cigarette smoking (Virani, et al., 2020)—found that individuals with
higher versus lower levels of optimism tended to engage in more frequent exercise, ate healthier foods, and
were less likely to smoke cigarettes (Boehm, Chen, et al., 2018). Two notable conclusions emerged (see similar
conclusions from a systematic review regarding the association between positive emotions and better sleep;
Ong et al,, 2017). First, the magnitude of association between optimism and health behaviors was relatively
modest (r = 0.07-0.12). Second, most evidence was cross-sectional. As an example of cross-sectional evidence,
a representative sample of more than 2.5 million people in the United States showed that higher levels of
positive emotions and life satisfaction were each associated with eating fruits and vegetables and exercising 30
min a day (Kushlev et al., 2020). However, cross-sectional evidence cannot establish whether greater well-being
precedes healthier behavior or whether healthier behaviors precede greater well-being. Although it is likely
that bi-directional relationships exist, evaluating the direction of associations presented in Figure 1 will help
determine whether well-being could serve as an intervention target for fostering restorative health behaviors,
minimizing deteriorative health behaviors, and reducing risk of CVD (Boehm et al., 2012). Thus, to establish
temporal order, the next sections review longitudinal evidence that well-being precedes restorative and
deteriorative health behaviors.

4.1.1 | Well-being's longitudinal association with restorative health behaviors

In the few longitudinal studies published to date, greater well-being precedes restorative or health-
promoting behaviors. For example, higher versus lower levels of well-being co-occurred with more fruit
and vegetable consumption in older English adults. Although fruit and vegetable consumption declined across
the 7-year study, older adults with higher baseline well-being also showed slower declines in fruit and
vegetable consumption (Boehm, Soo, et al, 2018). Additionally, greater baseline levels of purpose in older
US adults were associated with lower likelihood of experiencing disrupted sleep across 4-8 years when
accounting for numerous confounders (Kim et al., 2015a; Kim, Shiba, et al, 2020). Longitudinal evidence
from another US cohort similarly found that optimism was linked to better self-reported sleep quality across
5 years, but not objectively assessed sleep parameters (Hernandez et al., 2019).

Well-being also shows longitudinal associations with physical activity, another health-promoting behavior. In
two different cohorts of older adults who engaged in physical activity at baseline, those with greater well-being had
approximately 20%-24% reduced risk of becoming sedentary across 8-11 years (Kim et al., 2017; Kim, Shiba,
et al., 2020). Similarly, the most versus least optimistic postmenopausal women were 15% more likely to engage in
vigorous physical activity, even when controlling for sociodemographic characteristics, health status, other health
behaviors, and depression (Progovac, Donohue, et al., 2017).

Individuals with greater well-being may also be more likely to use preventive health services that delay the
onset of disease. For example, among adults over 50 years, both satisfaction and purpose were associated with
increased use of cholesterol tests, colonoscopies, mammograms and pap smears for women, and prostate exams for
men during 6 years of follow-up (Kim et al., 2014, 2015b).

4.1.2 | Well-being's longitudinal association with deteriorative health behaviors
The most prominent deteriorative or health-diminishing behavior relevant for CVD is cigarette smoking. Although

cross-sectional associations between well-being and cigarette smoking are evident (e.g., Kelloniemi et al., 2005;

Morimoto et al., 2018), longitudinal associations have not been reliably confirmed. For example, among older US
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adults, higher levels of baseline purpose in life were associated with reduced likelihood of cigarette smoking across

8 years in age-adjusted analyses, but associations did not hold when other covariates were taken into account (Kim,
Shiba, et al., 2020). Similarly, among older women smokers, age-adjusted analyses showed only a modest associ-
ation between optimism and smoking cessation during a 6-year period; multivariable-adjusted analyses showed no
association (Progovac, Chang, et al., 2017). Other evidence from young Finnish adults showed that optimism was
not associated with being a non-smoker across 6 years; these findings rigorously controlled for baseline smoking
status and pessimism (Serlachius et al., 2015). Thus, existing longitudinal evidence does not support a robust as-
sociation between well-being and cigarette smoking.

4.2 | Well-being's association with physiological function

Well-being may be tied to physiological processes relevant to CVD such as autonomic cardiac control, lipids,
atherosclerosis, inflammation, glucose regulation, and blood pressure (BP; Castelli et al, 1986; Chobanian
et al., 2004; Herrington et al., 2016; Khaw et al., 2004; Pearson et al., 2003; Thayer & Lane, 2007). Although most of
these processes are considered deteriorative such that the presence of higher levels may signal poor functioning, a
few restorative indicators of physiological function such as heart rate variability and the previously mentioned
HDL-C also exist. Figure 1 posits that well-being precedes more restorative physiological function and less dete-
riorative physiological function. Relevant evidence is reviewed in the next sections; due to a dearth of longitudinal

findings, results from both cross-sectional and longitudinal studies are included.

421 | Well-being's association with restorative physiological function

Although fewer restorative physiological processes have been identified relative to deteriorative processes
(Kubzansky et al., 2015), existing evidence suggests possible links with well-being. The restorative lipid of HDL-C,
which carries other cholesterols out of the bloodstream, has shown the most robust associations. For example, in a
middle-age cohort of US adults, greater optimism was cross-sectionally associated with higher (i.e., healthier) levels
of HDL-C (Boehm et al., 2013). Using the same cohort and building on those findings, continuously high levels of
eudaimonic well-being across 9-10 years were also associated with high levels of HDL-C (Radler et al., 2018).
Finally, in a prospective longitudinal study of older adults in England, baseline well-being was associated with
healthier trajectories of HDL-C over 9 years, controlling for multiple covariates (Soo et al., 2018). Thus, greater
well-being is linked with higher levels of HDL-C.

Besides HDL-C, well-being may also foster enhanced regulation of the autonomic nervous system, which can be
assessed via heart rate variability (HRV). Early work by Oveis et al. (2009) reported both positive emotions and
optimism were positively associated with HRV in students (see also Geisler et al., 2010; Lu & Wang, 2018; Wang
et al, 2013). Yet, neither positive emotions nor eudaimonic well-being were related to HRV in a representative
sample of nearly 1000 US adults (Sloan et al., 2017). In another study of more than 2500 women, HRV was tested
as a potential pathway in optimism's relationship with heart disease. However, baseline optimism was not linked
with HRV 3 years later and HRV did not attenuate optimism's association with heart disease, suggesting HRV may
not mediate associations between well-being and CVD (Salmoirago-Blotcher et al., 2019). Certain conditions may
explain inconsistent findings for well-being's association with HRV. For example, a nonlinear relationship may exist
such that moderate but not high levels of well-being correlate with vagal tone (Duarte & Pinto-Gouveia, 2017;
Kogan et al., 2013). Moreover, distinct positive emotions (e.g., amusement, awe) and, more broadly, different in-
dicators of well-being may show different associations with vagal activity (Duarte & Pinto-Gouveia, 2017; Shiota
et al., 2011). Thus, more research is necessary before firm conclusions are drawn about well-being's association
with HRV.
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422 | Well-being's association with deteriorative physiological function

Besides showing consistent relationships with the restorative lipid of HDL-C, well-being also appears to be
associated with deteriorative lipids and other indicators of deteriorative physiology (i.e., those where lower
levels indicate better health). For example, in middle-age adults, greater optimism and eudaimonic well-being
were associated with lower (i.e., healthier) levels of triglycerides, but no associations were evident for LDL-C
(Boehm, Williams, et al., 2013; Radler, et al., 2018). In the related process of atherosclerosis (a pre-disease
indicator of CVD characterized by plaque buildup in the arteries; Folsom et al., 2008), cross-sectional findings
are somewhat mixed for an association with well-being (Matthews, Owens, et al., 2006; Shahabi et al., 2016).
However, longitudinal analyses found that relative to the less optimistic, the most optimistic middle-age women
showed less progression in carotid atherosclerosis across 3 years (Matthews, Raikkonen, Sutton-Tyrrell, &
Kuller, 2004).

Cross-sectional studies have also reported associations between reduced inflammation and positive emotions
(Ironson et al., 2018; Stellar et al., 2015; Steptoe et al., 2008), purpose in life (Steptoe & Fancourt, 2019), and
optimism (Roy et al., 2010). Yet longitudinal studies provide conflicting evidence. In more than 300 older men,
inflammatory markers were assessed up to four times across as many as 8 years (lkeda et al., 2011). Optimistic men
had lower baseline levels of interleukin-6, but optimism was not associated with changes in inflammation over time.
In another longitudinal study of older adults, greater initial well-being was associated with lower levels of
C-reactive protein; furthermore, increases in well-being over time were associated with decreases in C-reactive
protein levels over time (Okely et al., 2017). Finally, in nearly 9000 older English adults, hedonic well-being,
eudaimonic well-being, and inflammatory markers were each assessed three times across 8 years (Fancourt &
Steptoe, 2020). Increases in eudaimonic well-being were related to lower levels of interleukin-6, C-reactive protein,
and white blood cell count. Associations persisted when adjusting for distress but were attenuated when adjusting
for chronic conditions, BMI, and cigarette smoking.

Well-being has also been examined in relation to glucose regulation, which is measured via glycosylated
hemoglobin (HbA;.), a marker of long-term glucose control and a diagnostic criterion for type 2 diabetes.
Although there are some null cross-sectional findings for an association between well-being and HbA;. (Ryff,
Dienberg Love, et al, 2006), other cross-sectional studies have reported inverse associations (Boylan
et al, 2017; Tindle, Duncan, et al., 2018). In longitudinal work among older women without diabetes, higher
levels of positive emotions—but not eudaimonic well-being—were inversely associated with HbA4. 2 years later
when controlling for baseline HbA;. (Tsenkova et al., 2007). However, in older adults who started another
study without prediabetes or type 2 diabetes, those with high versus low levels of purpose in life had lower
levels of HbA1. after 4 years (Hafez et al., 2018). Findings held when adjusting for sociodemographics, physical
health and functioning, and depressive symptoms. Thus, well-being may be linked with glucose regulation over
time.

Somewhat more consistent associations are evident for well-being and BP. A cross-sectional study of older
Mexican Americans indicated that higher versus lower levels of well-being were associated with lower levels of
systolic and diastolic BP (Ostir et al., 2006). Ikigai, a Japanese term related to purpose in life, was cross-sectionally
associated with lower levels of systolic BP in Japanese adults, but hedonic well-being was not (Boylan et al., 2017).
In a prospective study of British adults who were healthy at baseline, greater initial emotional vitality (a composite
of energized and engaged positive emotions) was associated with reduced risk of incident hypertension across 12
years (Trudel-Fitzgerald, Boehm, et al., 2014). Findings held when accounting for sociodemographic factors and
health, but a single-item measure of optimism was not associated with incident hypertension in the same cohort.
Other research with a large cohort of US army members did find that baseline levels of optimism were associated
with reduced risk of hypertension across an average of 3.5 years of follow-up (Kubzansky, Boehm, Allen,
et al.,, 2020).
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4.3 | Well-being's association with stress buffering

Positive emotions and related markers of well-being may be associated with reduced risk of CVD by buffering against
stress and developing other psychosocial resources (shown in Figure 1 with the solid black lines pointing to and away
from the yellow triangle). To start, the presence of well-being may reduce perceptions or experiences of stress, which
means less physiological activation that could harm the body (Folkman & Moskowitz, 2000; Pressman, et al., 2018).
Furthermore, when stress is encountered, well-being may facilitate more effective regulation or coping (Schaefer
et al., 2013). For example, in one study of 200 stressed postdoctoral researchers, the relationship between positive
emotions and resilience was partially mediated by adaptive coping responses such as positive reframing and planning
(Gloria &Steinhardt, 2016). Moreover, ameta-analysis showed that optimism was positively associated with approach-
oriented coping strategies that help to manage or reduce stressors (and associated emotions) as well as inversely
associated with avoidance-oriented coping strategies that tend to ignore stressors (Nes & Segerstrom, 2006). These
approaches to coping may foster better adjustment to stress among those who initially have greater well-being.
Furthermore, well-being may foster an adaptive stress response by capitalizing on pre-existing resources. The
Broaden-and-Build Model posits that positive emotions build physical, intellectual, and social resources that can be
used during challenging times (Fredrickson, 1998). Indeed, well-being is intimately tied with social integration and
supportive relationships (Diener, Seligman, et al., 2018; Feeney & Collins, 2015). In turn, social relationships are critical
for health and longevity (Holt-Lunstad et al., 2010). Thus, well-being may foster other resources—including coping
skills and social relationships—that may help people manage stress and reduce its harmful consequences on deteri-

orative health behaviors (e.g., sedentary behavior, overeating) and physiology (e.g., inflammation, BP).

Summary of findings for pathways linking well-being and CVD

Overall, some research supports the idea that restorative and deteriorative behavioral and physiological processes,
as well as stress buffering, may underlie well-being's association with CVD. However, well-being may not be related
to all processes under consideration. For example, well-being seems consistently related to indicators such as the
restorative markers of healthy diet and HDL-C, but the evidence is less robust or null for deteriorative processes
such as cigarette smoking and LDL-C.

Moreover, the evidence to date is characterized by several limitations. First, research findings come from
predominantly cross-sectional studies which do not allow for conclusions about temporal order or causality. This is
particularly apparent when considering well-being's association with physiological function as few longitudinal or
experimental studies are available. Second, associations from observational studies may be subject to concerns
about third variables that are not accounted for (e.g., people with restricted mobility may have limited access to
fruits and vegetables because they cannot visit grocery stores easily). Third, many studies are characterized by
small samples sizes and homogeneous participants (e.g., older, white individuals). Finally, in the case of health
behaviors, both well-being and the behaviors under investigation are most frequently self-reported. This shared
method may inflate associations, so objective measurements of health behaviors may yield more realistic associ-
ations. Research suggests objectively assessed physical activity is associated with life purpose in much the same
way that self-reported physical activity is (Hooker & Masters, 2016), but this may not be the case with all behaviors
(e.g., sleep quality and duration; Hernandez, et al., 2019). On the whole, future research with well-powered and

diverse samples as well as prospective longitudinal designs are necessary.

5 | EARLY-LIFE CONSIDERATIONS FOR WELL-BEING'S ASSOCIATION WITH
CARDIOVASCULAR OUTCOMES

The overarching framework driving this paper (Figure 1) is expected to operate across the life course. Yet most

of the cardiovascular-related research discussed thus far has assessed adults in midlife as this is when
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diagnoses of CVD are likely to occur and overall health begins to decline. Although well-being indicators such

as optimism are tied to healthy aging (remaining free of chronic disease, memory impairment, and physical
impairment) and exceptional longevity (living to 85 years or older; James et al., 2019; Kim, James, et al., 2019;
Lee et al., 2019) in later life, by mid to late adulthood health-related processes are often well-entrenched and
difficult to change. Thus, trajectories toward CVD and other chronic diseases are underway long before the
second half of life, even as early as the fetal environment (Barker et al., 1993). Combined with recent trends
showing that cardiovascular risk factors such as obesity are prevalent in youth (Shay et al., 2013), childhood is
increasingly viewed as a key period for CVD prevention (Fernandez-Jimenez et al, 2018; Steinberger
et al, 2016; Weintraub et al., 2011).

Consequently, research is starting to look earlier in the lifespan to determine whether well-being's association
with cardiovascular-related outcomes is apparent at younger ages. This parallels interest in adverse childhood
experiences (Appleton, Holdsworth, et al., 2017; Bellis et al., 2019; Hughes et al., 2017) but asks not whether
traumatic life experiences are detrimental to health, but rather whether protective factors such as well-being can
promote health. In other words, is youth a sensitive period during which individuals establish trajectories toward or
away from CVD later in life? Preliminary evidence from children and adolescents suggests this may be the case.
Cross-sectional and longitudinal studies find that childhood well-being is linked with subsequent healthy behavior
including balanced diets, physical activity, and non-smoking (Booker et al., 2014; Hoyt et al., 2012). Moreover,
cross-sectional studies of racially diverse adolescents showed that higher levels of optimism and other positive
attributes were associated with healthier levels of cardiovascular-relevant biomarkers such as HDL-C, as well as
composite measures of cardiometabolic health (Midei & Matthews, 2014; Oreskovic & Goodman, 2013).

Although most prospective longitudinal studies in youth have not specifically focused on well-being, two are
informative. In one, more than 3,000 English youth had their cardiometabolic health (defined by levels of lipids, BP,
insulin resistance, C-reactive protein, and BMI) assessed at 9 and 17 years old. Children with the most psychosocial
assets (i.e., executive functioning, prosocial behaviors, and infrequent emotional or social problems) had the best
cardiometabolic health when they were on the cusp of adulthood at age 17 (Qureshi et al., 2019). Similarly, children
with the presence of three psychosocial assets (emotion regulation, cognitive ability, and positive home environ-
ment) had substantially higher odds of experiencing cardiometabolic health (i.e., being diabetes-free and a non-
smoker, as well as having healthy levels of BP, total cholesterol, and BMI) in adulthood relative to individuals
without any childhood assets (Appleton, Buka, et al., 2013). Thus, childhood psychosocial assets that are closely
related to well-being predict better health years later.

6 | FUTURE RESEARCH QUESTIONS

Taken together, well-being is prospectively linked with reduced risk of experiencing a cardiovascular event in
people who are initially healthy. The association seems weaker (albeit still evident) among people already diagnosed
with CVD. Proposed underlying pathways related to health behaviors, physiological function, and stress buffering
have received some support but are characterized by relatively weak cross-sectional evidence. As such, additional
research with large and diverse cohorts that explicitly test the direction of effects between well-being and un-
derlying pathways as well as control for confounding variables is necessary.

There are also other questions to ask with regards to the potential pathways that might explain well-being's
association with CVD. For example, does well-being have differential associations with the restorative versus
deteriorative processes proposed as underlying pathways? In the case of restorative health behaviors, researchers
posit that when positive emotions are associated with health-promoting behaviors (e.g., physical activity),
nonconscious motivations to engage in those behaviors are generated, which in turn support the growth of personal
resources such as social connections (Van Cappellen et al., 2018). This may foster an upward spiral by which in-

dividuals are able to maintain restorative behaviors. Such mechanisms may not occur with health-diminishing
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behaviors (e.g., cigarette smoking), reflecting their weaker associations with well-being. Thus, it is feasible that

well-being's relationship with underlying pathways may be stronger for restorative versus deteriorative processes.

Another consideration for longitudinal investigations of health behaviors and potentially physiological function
is how initial status should be taken into account. Baseline and subsequent assessments of behaviors and bio-
markers could be strongly correlated, which may not leave much variance to be explained by well-being.
Furthermore, the distinction between the maintenance of health behaviors versus the initiation or decline of health
behaviors may also matter for associations with well-being. The likelihood of starting a behavior may have different
correlates than the correlates of maintaining an existing behavior (Kim, Shiba, et al., 2020). Thus, how underlying
behavioral and physiological processes are conceptualized in study designs may have important implications.

In addition, most studies have only investigated potential pathways in relation to well-being without also
considering cardiovascular-related outcomes (cf. Salmoirago-Blotcher, et al., 2019). Even when prospective studies
of well-being and CVD statistically adjust for potential pathway variables such as cigarette smoking, often those
variables are assessed at baseline only (e.g., Tindle, Chang, et al., 2009). If well-being and potential mechanisms are
measured simultaneously, such timing cannot provide a strong test of underlying pathways. Thus, future work
should consider possible mechanisms with data that has well-being measured at baseline, CVD measured at a later
point, and pathway-related variables measured during an intermediary period. This may require data across several
years or even decades but would provide greater understanding of the pathways linking well-being with CVD.

It is not clear which indicator of well-being matters most for cardiovascular-related outcomes. Much work has
capitalized on existing epidemiological cohorts and secondary data analyses, so researchers have been limited by
the measures that were originally included. That is, the type of well-being under investigation may have been less
theoretically driven and more opportunistic, thereby prohibiting firm conclusions for one indicator or another. In
addition, well-being is typically measured via self-report. Some of these self-report measures show good psycho-
metric properties (e.g., the widely used Satisfaction With Life Scale or Life Orientation Test-Revised; Diener,
Emmons, et al., 1985; Pavot & Diener, 2008; Scheier et al., 1994), but others have weaker or unknown psycho-
metric properties (e.g., single items). Thus, it is unclear whether a lack of association for some well-being indicators
may be partially explained by poor or unavailable assessments. A key direction for future researchers is deter-
mining which specific indicator of well-being is most pertinent for better cardiovascular outcomes. This would
require adding well-validated measures to epidemiological cohorts so that direct comparisons between associations
of interest (e.g., optimism and CVD vs. life satisfaction and CVD) can be assessed.

The consistent evidence for well-being's association with CVD in adulthood is also evident for pre-disease
indicators in youth. Thus, early life may be an essential period for cultivating well-being and setting up healthy
trajectories that endure across the lifespan. In particular, adolescence and young adulthood may be a prime
candidate for establishing healthy trajectories because it is a period of increasing independence, cognitive capacity,
and identity formation (Arnett, 2000; Geller & Boehm, 2020). What is not well understood, however, is how well-
being is initially developed across early life (Coffey, 2018; Luhmann, 2017; Renaud et al., 2019). Higher levels of
well-being in childhood establish optimal psychosocial functioning in adulthood (Coffey et al., 2015; Richards &
Huppert, 2011), yet how do youth become more or less happy, satisfied, or optimistic? A portion of well-being is
heritable (Bartels, 2015; Carver & Scheier, 2014; Raysamb & Nes, 2018; Stubbe et al., 2005), but the social context
is also relevant. For example, childhood attachment and relationships with caregivers may play a critical role either
via the modeling of adaptive strategies or the presence of trust to explore one's world (Carver & Scheier, 2014;
Coffey, 2018; Ek et al., 2004). Indeed, more parental warmth is related to greater optimism during adolescence (Yu
et al,, 2019). Socioeconomic status may also shape certain indicators of well-being (Robb et al., 2009). In one study,
lower socioeconomic status in childhood was associated with lower levels of optimism in adulthood (Heinonen
et al., 2006). Relative to higher socioeconomic environments, lower socioeconomic environments may be charac-
terized by stressful experiences that require greater vigilance, which in turn develop tendencies to expect the

worse or evaluate experiences negatively (Gallo & Matthews, 2003; Heinonen, et al., 2006). Other adverse
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experiences may operate in similar ways (Sheikh et al., 2016). Determining the complex ways in which well-being

may give rise in early life is an area ripe for further investigation.

Well-being is often conceptualized as a stable characteristic that does not change, but this is not the case when
a broad view of the life course is taken (Lucas et al., 2008). Although the exact trajectory of well-being from early
life to later life is debated and large scale investigations of well-being's trajectory during early childhood are non-
existent, most people report experiencing well-being (Diener & Diener, 1996). A typical pattern is that levels of life
satisfaction and positive emotions are relatively low during young adulthood, increase from middle age to early old
age, and then diminish in the oldest old as individuals approach the end of life (Gerstorf et al., 2008; Hudson
et al.,, 2019; Luhmann, 2017). These average trajectories are subject to individual variability too. In one study of
more than 3,000 Germans who were repeatedly assessed across 17 years, nearly a quarter showed substantial
change in life satisfaction (Fujita & Diener, 2005). Thus, although well-being may be somewhat stable over time
(Hudson, et al., 2019; Renaud, et al., 2019), it can change over the life course and in response to impactful life
events such as unemployment or widowhood (Lucas et al., 2003, 2004).

Well-being's malleability has led numerous researchers to develop experimental interventions to enhance
well-being. These interventions vary in participant characteristics, content, method of delivery, and duration. For
example, most interventions have targeted university students or older individuals with chronic disease; fewer
involve healthy youth or midlife to older adults. Some interventions focus on just one indicator of well-being (e.g.,
optimism) in a single session whereas others target well-being more generally in a variety of activities that take
place across multiple sessions. Finally, some interventions are conducted online, whereas others are conducted in-
person either individually or in a group setting. Although well-being interventions tend to be relatively brief,
administered during a short period of time (4-12 weeks), and characterized by relatively small sample sizes, they
have yielded small to moderate increases in well-being when compared with control groups (Carrillo et al., 2019;
Malouff & Schutte, 2017; Weiss et al., 2016; White et al., 2019).

However, whether or not these interventions have long-term effects on well-being or influence downstream
health behaviors, physiology, or even CVD remains to be seen. Preliminary findings from small samples of in-
dividuals diagnosed with CVD indicate well-being interventions may lead to greater physical activity (Duque
et al., 2019; Huffman et al., 2019; Peterson et al., 2012), increased medication adherence (Ogedegbe et al., 2012),
and reduced inflammation (Mohammadi et al., 2020; Nikrahan et al., 2016; Redwine et al., 2016). Moreover, one
randomized control trial found that among approximately 100 community members (presumably free from CVD), a
12-week well-being intervention was associated not only with improvements in well-being over time, but also
significantly fewer self-reported sick days relative to a waitlist control (Kushlev et al., 2020). Notably, however,
effects were not evident for objective outcomes like BMI or blood pressure. Further intervention work would be
bolstered by larger sample sizes and objectively assessed outcomes assessed across time.

Most studies assume that higher levels of well-being are better for cardiovascular-related outcomes. However,
more is not always better and “the optimal levels of happiness are likely to depend on a person's resources, the
challenges and dangers they face, the behavioral domain in question, and the type of well-being under consider-
ation” (Oishi et al., 2007, p. 358). Thus, it is important for both epidemiological and intervention studies to more
thoroughly pinpoint what level of well-being may have the most potent effects on CVD and if too much well-being
is detrimental. This may require moving beyond linear models to investigate non-linear associations.

Just as certain levels of well-being may not be optimal in all cases, well-being may not be good for health in
every context. For example, Japanese adults with high levels of positive emotions but low levels of social
connectedness had unhealthy levels of HDL-C (Yoo et al., 2016). By contrast, high levels of positive emotions in US
adults were associated with healthy levels of HDL-C, regardless of social connectedness. Thus, high levels of well-
being may conflict with cultural norms to maintain social harmony and cultural context may be an important
moderating factor. Most research in this area has assessed predominantly White individuals from Western
countries (cf. Sone et al., 2008), so well-being's intricate relationships with health may not be fully specified and

generalizability to other racial and ethnic backgrounds, regions of the world, and cultural backgrounds is limited.
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Given the important role that the social and physical environment plays in health outcomes (Diez Roux &

Mair, 2010; Olvera Alvarez et al., 2018) as well as the social patterning of well-being (Boehm et al., 2015), it will be
important for future research to consider such factors.

7 | CONCLUDING REMARKS

Positive psychological well-being is consistently and independently associated with better health, particularly in the
cardiovascular domain. The American Heart Association's encouragement to incorporate well-being into
cardiovascular-related research has merit. However, high-quality research that further explores underlying
pathways and how associations operate across the lifespan (especially in childhood) and in different social contexts
are needed for a more comprehensive understanding of well-being's links with CVD. Such work may build on
preliminary efforts to develop targeted well-being interventions that bolster the restorative processes and mini-
mize the deteriorative processes that contribute to the burden and expense of CVD.
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