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Abstract: Optimistic people have reduced risk for cardiovascular disease and cardiovascular-related mortality
compared with their less optimistic peers. One explanation for this is that optimistic people may be more likely
to engage in healthy behavior like exercising frequently, eating fruits and vegetables, and avoiding cigarette
smoking. However, researchers have not formally determined the extent or direction of optimism’s association
with health behaviors. Moreover, it is unclear whether optimism temporally precedes health behaviors or whether
the relationship is because of shared common causes. We conducted random effects meta-analyses examining
optimism’s association with 3 health behaviors relevant for the prevention of cardiovascular disease. PubMed
and PsycINFO databases were searched for studies published through November 2017 reporting on optimism’s
relationship with physical activity, diet, and cigarette smoking. We identified 34 effect sizes for physical activity
(n=90 845), 15 effect sizes for diet (n=47 931), and 15 effect sizes for cigarette smoking (n=15 052). Findings suggested
that more optimistic individuals tended to engage in healthier behaviors compared with less optimistic individuals,
but effect sizes were modest (ractivity=0.07, P<0.0001; rdiet=0.12, P<0.0001; and rsmoking=0.07, P=0.001). Most evidence
was cross-sectional (≥53% of effect sizes) and did not consider sociodemographic characteristics (<53% of
effect sizes) or psychological distress (<27% of effect sizes) as potential confounders. Optimism is associated
with healthier behaviors that protect against cardiovascular disease, although most evidence was relatively low
quality. Additional longitudinal and experimental research is required to determine whether optimism causally
contributes to healthy behaviors and whether optimism could be an effective target for preventing cardiovascular
disease.   (Circ Res. 2018;122:1119-1134. DOI: 10.1161/CIRCRESAHA.117.310828.)
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O

ptimistic people tend to expect that they will encounter
favorable outcomes, whereas less optimistic people tend
to expect that they will encounter unfavorable outcomes.1
These generalized expectations about what the future will
bring have important consequences for health. Optimistic individuals generally enjoy healthier and longer lives than their
less optimistic peers.2,3 To date, the most rigorous evidence of
optimism’s association with better health comes from the cardiovascular domain. In prospective longitudinal studies with
epidemiological cohorts and clinically assessed outcomes,
optimism consistently predicts reduced risk of cardiovascular
disease and cardiovascular-related mortality.4–8 For example,
in 1 study of British men and women, those who were more
optimistic at baseline were 27% less likely to develop coronary heart disease over ≈5 years of follow-up compared with
those who were less optimistic.9 In another study of nearly
100 000 US women, findings were similar with the most

optimistic women demonstrating 30% reduced risk of death
because of coronary heart disease relative to the least optimistic.10 Notably, associations between optimism and reduced
risk of cardiovascular disease are evident in varied populations, including younger and older men and women from
different countries. Associations are also maintained after
statistically controlling for sociodemographic characteristics,
known cardiovascular risk factors, and psychological distress
(eg, symptoms of depression and anxiety), all of which may
confound the relationship.
Besides optimism’s potential direct effects on physiological processes, as well as its possible role buffering against the
harmful consequences of stress, theorists posit that individuals
with greater optimism enjoy better health outcomes because
they engage in healthier behaviors such as exercising, eating
fruits and vegetables, and avoiding cigarette smoking.3,11–13
Most people desire to lead healthy lives, but the behaviors
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CI

confidence interval

that provide the foundation for a healthy life can be difficult
to achieve. Optimism may serve as a psychological resource
that promotes healthy behaviors and, ultimately, cardiovascular
health. Because optimists think favorable outcomes are possible, they may be more likely to set goals and resolutely pursue
goal-related tasks, persist in the face of challenge, seek information to deal with future health risks, act in ways that are consistent with reducing future dangers, and use effective coping
strategies when they encounter stressors (eg, problem-focused
coping).1,14 On the other hand, some theorizing suggests that the
positive thoughts associated with optimism might lead people
to feel as if they do not need to engage in healthy behaviors that
will bolster their health and prevent disease.15 In other words,
optimists may think that things will turn out well in the future
regardless of what decisions or actions they make now.
Although some work has documented associations between optimism and health behaviors, researchers have not
yet determined the direction (ie, whether optimism is linked
with better health behaviors or worse health behaviors) or the
magnitude of the association. Much work implies that higher
levels of optimism lead to healthier behaviors. If this is true,
another outstanding issue is whether optimism encourages or
contributes to the likelihood of engaging in healthy behaviors
or whether there seems to be a relationship because of some
shared common cause (eg, socioeconomic status or chronic
illness). If optimism is temporally and causally linked with
healthier behaviors, then it may be a novel target for intervention in an area that is seeking innovative strategies. In recent
years, 27.5% of older US adults—≈31 million people—had
not engaged in physical activities outside of work in the previous month.16 Moreover, only 13.1% of the adult US population met recommended levels for consuming fruits and even
fewer—only 8.9%—met recommended levels for consuming
vegetables.17 There is clearly a need to identify modifiable factors that can encourage healthier behaviors.
A first step toward determining optimism’s role in the promotion of healthier behavior is to assess the current state of
knowledge on the association between optimism and health
behaviors. To date, 2 other reviews have briefly described the
association between psychological resources (eg, optimism,
life satisfaction, and positive emotions) and health behaviors
in the context of other cardiovascular-related outcomes (eg,
cardiovascular events and biological markers).3,18 Although
those narrative reviews provided preliminary evidence suggesting that optimism and other psychological resources were
related to health behaviors in cross-sectional studies, the specific role of optimism apart from other psychological constructs was unclear and longitudinal evidence that has been
published in the past 5 years was not included. Thus, our objective in the current work was to conduct a research synthesis
and meta-analysis to quantitatively determine the direction of
optimism’s association with healthy behaviors known to protect against cardiovascular disease, as well as the extent of the
association.

To maintain a reasonable scope, we investigated 3 modifiable behaviors identified by the American Heart Association
as major or contributing risk factors to cardiovascular disease:
physical activity, dietary quality, and cigarette smoking.19–22
We hypothesized that individuals with higher optimism levels
would engage in healthier behaviors relative to their peers
with lower optimism levels. Because of optimism’s promise
for primordial, primary, and secondary prevention of cardiovascular disease, we considered the relationship between optimism and health behaviors in both healthy individuals and
in individuals who had been diagnosed with cardiovascular
disease.23 However, it is important to note that disease processes could alter optimism’s association with health behaviors in patient populations.18 In addition, we were especially
interested in longitudinal studies—particularly, prospective
longitudinal studies that accounted for baseline behavior—
because such evidence can establish that optimism precedes
behavior, which can help determine whether a causal association is plausible and thereby whether optimism is a viable
target for intervention. Finally, given past work establishing
that socioeconomic characteristics and indicators of psychological distress are linked with health behaviors and cardiovascular outcomes,24–26 we also considered whether such
potential confounding variables were taken into account in
past research.

Methods

Systematic literature searches were conducted in PubMed and
PsycINFO databases through November 2017. Search terms included optimism, health behaviors, and, more specifically, variations of
physical activity (ie, exercise, fitness, and sedentary), eating behavior
(ie, food, nutrition, and diet), and cigarette smoking (ie, tobacco).
Results were limited to humans and the English language in both
databases, as well as to nondissertation publications in PsycINFO
(the exact search that was conducted for each database is given in the
Online Data Supplement). The authors’ personal libraries and the reference lists of obtained articles were searched for additional citations.
Titles and abstracts were screened by a single researcher (J.K.B.),
who then obtained the full text of an article if eligibility criteria were
met or article relevance was not clear based on the title and abstract.
Papers were excluded if they
1. defined optimism in terms of comparative optimism, unrealistic optimism, or hope (all of which have distinct and more
specific definitions than the generalized perspective inherent to
dispositional optimism),27–29 or if dispositional optimism was
combined with other indicators of psychological resources;
2. were literature reviews, book reviews, editorials, qualitative
analyses, or other types of publications without empirical data;
3. described studies with pregnant women or patient populations
other than those with cardiovascular disease (eg, cancer, diabetes mellitus, and human immunodeficiency virus, although
studies with older adults were included even if participants
had chronic conditions, which were typically controlled for in
analyses);
4. described studies with children and adolescents under the age
of 18 (1 article reported findings from 12 different samples,
some of which included children30; however, because details
were not provided about each specific sample, it was unclear
which of the reported findings corresponded to adults versus
children so none of the findings were included);
5. described studies in which the optimism and behavior association was auxiliary or not the primary association of interest as
specified by a hypothesis, prediction, or aim;
6. examined outcomes related to smoking cessation activities
rather than smoking status;
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7. did not report the relevant effect size or an effect size could not
be calculated from the reported data; and
8. included participants that overlapped with other studies that
were in the meta-analysis (eg, 2 relevant studies were both
based on data from the Women’s Health Initiative and could
have included the same participants in each set of analyses31,32;
we chose to include the study with the largest sample size).
Following established recommendations,33 2 primary coders
(J.K.B., H.K.) coded each study for its characteristics because this
can impact the presence of bias in effect sizes. When disagreement
occurred, 2 other coders (Y.C., L.L.V.) evaluated the study and
discussions were held until everyone agreed. Consistent with past
work,34,35 coding was based on 6 dimensions:
1. size of study (very small [n<100]; small [n=100–199]; medium
[n=200–999]; and large [n≥1000]);
2. study design (cross-sectional [studies <2 weeks in duration];
longitudinal without considering change over time; and prospective longitudinal considering change over time [eg, maintain, decline, improve, or accounting for baseline levels of
behavior]);
3. statistical control for ≥2 baseline sociodemographic factors (eg,
age, sex, race, education, or income) because of their potential
to confound the optimism–behavior association (no; yes);
4. statistical control for baseline psychological distress (eg, depression, anxiety, or stress) to ensure that optimism’s effects
were independent of known relationships between distress and
health behaviors (no; yes);
5. assessment of optimism with a scale comprised >1 item that
has published reliability or validity information (eg, Life
Orientation Test36; no; yes); and
6. assessment of health behaviors with an objectively based measurement (eg, actigraphy) or an instrument that has published
reliability or validity information (no; yes). Note that smoking
was often assessed with a single item that asked about being a
former, current, or never smoker. Such single items are widely
used and are considered a valid way to assess smoking status,37
so we did not evaluate cigarette smoking studies for the use of
a validated measure.
Recommended meta-analytic procedures were followed, including the Preferred Reporting Items for Systematic Reviews and MetaAnalyses guidelines.38

Statistical Analyses

Comprehensive Meta-Analysis (version 3.0) was used for analyses.
The Pearson correlation coefficient was selected as the common indicator of effect size. If studies reported other effect sizes (eg, odds
ratios) or statistics (eg, t tests and regression analyses), then transformations were used.39 All statistics were converted into Fisher z
scores for analysis and then transformed into the Pearson correlation
coefficient for purposes of presentation. When an effect size was not
reported but a relationship was described as not statistically significant, the effect size was conservatively coded as zero. Similarly, when
exact P values were not reported but a P value below a threshold was
reported (eg, P<0.001), the conservative approach of using the closest
referenced P value was used (eg, P=0.001) even though in reality the
P value could have been much smaller.
Effect sizes were obtained and meta-analyzed separately for
each health behavior (physical activity, dietary quality, and cigarette
smoking). When multiple outcomes for one health behavior were
presented, a post hoc decision was made to assess the most relevant
behavioral outcome. For example, in the case of physical activity,
frequency of physical activity was prioritized over variety or specific
types of physical activity (eg, walking and weight lifting). In the case
of dietary quality, vegetable consumption was prioritized over fruit
consumption because vegetable consumption tends to be lower than
fruit consumption17 and research suggests that vegetables may have a
more protective effect on health than fruits.40
Effect sizes were meta-analyzed using random effects models.
Random effects models were chosen rather than fixed effects models because the studies included in this meta-analysis were thought
to be sampled from a distribution of effect sizes rather than having

identical underlying characteristics.39 Because random effects models
allow for effect sizes to differ based on study, heterogeneity among
studies was assessed with the DerSimonian and Laird estimator
of τ, which estimates the SD of the true effect sizes, and I2, which
estimates the proportion of variability that could reflect true differences in effect sizes (rather than merely random error).39 In addition,
Duval and Tweedie’s41,42 widely used Trim and Fill procedure was
used to estimate an effect size that was not influenced by publication bias. This method may be limited because of its assumption that
publication bias operates solely based on effect sizes rather than on
P values,43 so we additionally applied a likelihood-based correction
procedure by Andrews and Kasy,44 which more flexibly allows for
publication bias, P hacking, and selective reporting.
Several sensitivity analyses were conducted post hoc. First, effect
sizes were compared for healthy versus patient populations. Second,
cross-sectional studies were excluded to see how effect sizes compared when considering only longitudinal or prospective longitudinal
studies. Third, studies without validated measures of optimism were
excluded. Finally, studies with effect sizes equal to zero—which occurred when study authors did not provide a specific effect size and
results were merely described as not statistically significant (6.7%20.0% of effect sizes)—were excluded because although associations
may not have met conventional thresholds for statistical significance,
the true effect size could have been something other than zero.

Results
The Online Data Supplement shows the screening process
after searching PubMed and PsycINFO, which yielded 938
records after 248 duplicates were removed. From 938 possible
records, 38 were ultimately included. Primary reasons for excluding a record included no empirical data, no assessment
of dispositional optimism, or no behavioral outcome. A few
studies did not provide the necessary statistical information
to be included.
Thirty records (ie, articles) provided effect sizes on physical activity, 13 records provided effect sizes on dietary quality, and 14 records provided effect sizes on cigarette smoking.
Because some records provided >1 effect size—for example,
associations might have been reported for independent samples (eg, men and women) or multiple studies—the number
of records does not correspond exactly to the number of effect
sizes that were meta-analyzed for each health behavior (all
possible effect sizes from independent samples were included
in the meta-analysis). Moreover, some articles reported findings for >1 health behavior, so they were included in >1 of the
meta-analyses. Tables 1 through 3 provide details of all of the
studies that were included, separated by health behavior.

Physical Activity
Thirty-four effect sizes were analyzed with 90 845 total participants. One very large study accounted for 68% of all participants.73 As shown in Table 4, the majority of effect sizes
were drawn from cross-sectional study designs (64.7%), with
5 longitudinal effect sizes (14.7%) and 7 prospective longitudinal effect sizes that took into account change in behavior
over time (20.6%). Only 12 effect sizes adjusted for sociodemographic characteristics (35.3%), and only 5 adjusted for
psychological distress (15.7%). Most studies used a validated
measure of optimism (94.1%), but fewer studies used a validated measure of physical activity (38.2%). Finally, most effect sizes included both men and women (73.5%) and reported
results from adults across the lifespan (10 had younger participants [ie, 18–40 years], 3 had middle-aged participants [ie,
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Table 1. Summary of Studies on the Association Between Optimism and Physical Activity
Author(s) of
Study

Optimism
Assessment

Health Behavior
Assessment

Covariates

Main Finding

Longitudinal
(6 mo)

LOT

Vigorous physical activity

None

Optimists were more likely
to have resumed vigorous
physical activity 6 mo after
surgery than pessimists

143 undergraduate
students (Mage=21.8)

Cross-sectional

LOT

Whether a person
exercised (single item on a
5-point scale)

None

Optimistic individuals were
more likely to exercise than
less optimistic people

Rabinowitz
et al47

46 blue-collar workers
(Mage=34.6)

Cross-sectional

LOT

Leisure-time exercise
(single item)

None

Optimism was not
significantly associated with
exercising

Fontaine and
Shaw48

154 men and women
(Mage=22.9)

Prospective
longitudinal
across 8 wk

LOT-R

Attendance at an aerobics
class

None

Optimism did not differ
significantly between
participants who attended
aerobics class regularly vs the
participants who dropped out

Jex et al,49
Study 1

214 women (ages
19–74)

Cross-sectional

LOT

Exercise (measured by a
4-item scale)

None

Optimism was weakly but not
significantly correlated with
exercise

Jex et al,49
Study 2

154 men and women
who were employees at
a university (Mage=41.2;
ages 23–68)

Cross-sectional

LOT

Exercise adherence
(measured by 21 items)

None

Optimism was weakly but not
significantly correlated with
exercise

Kavussanu
and McAuley50

188 men and women
(Mage=33)

Cross-sectional

Optimism

Exercise frequency

None

Optimism was positively
associated with exercise
frequency

Davidson and
Prkachin51

56 college students
(Mage=19)

Prospective
longitudinal
across 6 wk

LOT

Change in exercise
across 6 wk (measured
by the Wisconsin Lifestyle
Assessment Questionnaire)

Initial exercise,
unrealistic optimism

Optimism was not associated
with change in exercise
across 6 wk when controlling
for initial exercise and
unrealistic optimism

Greenberg52

101 men and women
from a public housing
project (Mage=35.41)

Cross-sectional

LOT

Exercise at least 3 days a
week (yes or no)

None

Optimism was not significantly
related to whether a person
exercised or not

Kimble53

58 individuals
undergoing
percutaneous
transluminal coronary
angioplasty (Mage=62,
ages 32–84)

Longitudinal
across 2 wk
post-discharge

LOT

Regular exercise

Previous percutaneous
transluminal coronary
angioplasty, treatment
appraisal, heart
disease threat

Optimism was not
significantly associated with
exercise

Segerstrom
et al54

90 first-year law
students (Mage=23.9)

Prospective
longitudinal
across ≈10 wk

LOT

Days of aerobic and
anaerobic exercise (single
item)

Baseline exercise

Optimism was not
significantly correlated with
exercise

Mulkana and
Hailey55

118 college students
(Mage=22.05)

Cross-sectional

LOT

Physical activity (from the
Health-Promoting Lifestyle
Profile)

None

Optimism was positively
associated with physical
activity

Glazer et al56

46 individuals with
coronary heart disease
participating in cardiac
rehabilitation (Mage=58)

Longitudinal
across 12 wk

LOT

No. of exercise sessions
attended

Age, sex, depression,
neuroticism

Optimism was not
significantly associated
with the number of exercise
sessions individuals attended
when controlling for
depression and neuroticism

Holahan and
Suzuki57

162 men and women
from the Terman Study
(Mage=86.36)

Cross-sectional

Single item

Exercise (single item:
Which of the following
activities do you engage
in?)

None

Optimism was positively
associated with exercise

Scheier et al

45

Hamid46

Participants

Study Design

45 men undergoing
coronary bypass surgery
(Mage=48.5)

(Continued )
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Table 1. Continued
Author(s) of
Study

Optimism
Assessment

Health Behavior
Assessment

Longitudinal
across 6 mo

LOT

128 men and women
(Mage=70.5)

Cross-sectional

Venne et al60

187 college students
(Mage=23.52)

Baker61

Participants

Study Design

Covariates

Main Finding

Schroder and
Schwarzer58

381 German heart
surgery patients
(Mage=61.2)

Hours spent in physical
activity

None

Optimism was associated
with more physical activity

Steptoe et al59

LOT-R

No. of moderate and
vigorous physical activity
sessions

Age, sex, number
of chronic illnesses,
medication count,
education, area
deprivation, BMI

Optimism was associated
with vigorous physical activity
in women

Cross-sectional

LOT-R

Athletic participation vs no
athletic participation

None

College seniors who were
athletes were more optimistic
than college seniors who
were not athletes

39 college students
(Mage=20.1)

Cross-sectional

LOT

Exercise

None

Greater optimism
was associated with an
increased likelihood of
exercising

Giltay et al12

773 elderly Dutch men
(Mage=72.1)

Cross-sectional

4 items with
established
reliability

Total minutes spent in
physical activity per week
(validated measure)

Age, education, living
arrangement, selfrated health, CVD,
diabetes mellitus,
cancer, BMI

Greater optimism was
associated with more
physical activity

Ruthig et al62

231 older men and
women from the
Successful Aging Study
(119 participants ages
79–84; 112 participants
ages 85–98)

Cross-sectional

LOT

Physical activity (2 items)

Sex, income, marital
status, education
level, chronic health
conditions, falls,
perceived control

Greater optimism was
associated with more physical
activity

Bailis et al63

164 older men and
women (Mage=85; ages
79–98)

Cross-sectional

LOT

Accelerometer (objective
measure of physical
activity)

None

Optimism was not
significantly associated with
objective physical activity

Geers et al,64
Study 1

136 undergraduate
students

Longitudinal
(optimism
measured 3 wk
before physical
activity)

LOT-R

Frequency of aerobic
exercise in the past 3 wk
(2 items)

Illness, health
center visits, sports
team participation,
exercising because
of doctor’s
recommendation,
engages in regular
aerobic exercise,
engages in weight
training, friends
exercise, number of
classes taken, number
of hours worked,
value of exercise

Optimism was not
significantly associated with
aerobic exercise

600 older participants
with history of
myocardial infarction
(ages 60–80)

Cross-sectional

LOT-R

Physical activity (from the
Physical Activity Scale for
the Elderly)

Age, sex

Optimism and physical
activity were significantly
associated when controlling
for age and sex

9545 young women
(ages 20.6–28.5)
and 11 009 middleaged women (ages
49.5–56.0)

Cross-sectional

LOT-R

Physical activity (from the
Active Australia Survey)

None

More physical activity was
associated with higher levels
of optimism in both younger
and middle-aged women

365 Chinese students
Cross-sectional
(Mage=20.6; ages 18–32)

LOT-R

Exercise (from the Physical
Activity Rating for Children
and Youth)

None

Optimism was not
significantly associated with
exercise

Rius-Ottenheim
et al65

Pavey et al66

Ramsay et al67

(Continued )
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Table 1. Continued
Author(s) of
Study

Optimism
Assessment

Health Behavior
Assessment

Prospective
longitudinal
across 12 mo

LOT-R

1113 Finnish men and
women ages 24–39 at
baseline

Prospective
longitudinal
across 6 y

Huffman et al70

153 men and women
hospitalized for an acute
coronary syndrome
(Mage=61.5)

Kim et al71

Participants

Study Design

Covariates

Main Finding

Ronaldson
et al68

369 patients with acute
coronary syndrome
(Mage=60.82)

Physical activity

Age, sex, ethnicity,
social deprivation,
history of depression,
risk of postdischarge
death, baseline
behavior

Optimism was not associated
with changes in physical
activity

Serlachius
et al69

LOT-R,
optimism
subscale

Regularly taking part in
moderate or vigorous
physical activity (≥150
min/wk moderate or ≥75
min/wk vigorous physical
activity or a combination
thereof)

Age, sex, baseline
medication use,
baseline physical
activity, pessimism

The optimism subscale was
not significantly associated
with moderate and vigorous
physical activity

Prospective
longitudinal
across 6 mo

LOT-R

Physical activity assessed
via accelerometer

1708 immigrants to
the United States who
were part of the Health
and Retirement Study
(Mage=67.88; ages
46–107)

Cross-sectional

3 items from
the LOT-R

Leisure-time physical
activity involvement

None

Optimism was significantly
associated with leisure-time
physical activity

Smagula et
al72

613 men (Mage=81.4)

Cross-sectional

LOT-R

Physical activity (from the
Physical Activity Scale for
the Elderly)

Age, education, living
alone, alcohol intake,
smoking status,
conscientiousness,
goal disengagement,
goal re-engagement

More optimistic men were
more likely to be physically
active than less optimistic
men in unadjusted analyses,
but when covariates were
included in models optimism
was no longer significantly
associated with physical
activity

Progovac et
al73

61 756 postmenopausal
women (Mage=62.4)

Prospective
longitudinal
across 6 y

LOT-R

Vigorous physical activity
from a reliable and
validated scale74

Age, race/ethnicity,
The most optimistic women
income, education,
were more likely to report
past physical activity, vigorous physical activity than
health conditions,
the least optimistic women
depressive symptoms,
smoking, alcohol
intake

Age, sex, living
Optimism was significantly
alone, previous acute associated with more physical
coronary syndrome,
activity (ie, steps)
peak troponin T,
comorbidities,
depression, anxiety,
baseline physical
activity

Studies are ordered by publication date with the oldest studies appearing in the table first. Unless otherwise specified, men and women were both included and
analyses used all items from the LOT or LOT-R. In addition, the study design refers to whether the effect size included in the meta-analysis was from cross-sectional,
longitudinal, or prospective longitudinal data. Studies may have been longitudinal, but if the longitudinal relationship had baseline behavior predicting optimism
over time, then only the baseline correlation was included and the effect size would have been considered cross-sectional. BMI indicates body mass index; CVD,
cardiovascular disease; LOT, Life Orientation Test; and LOT-R, Life Orientation Test Revised.

41–60 years], 14 had older participants [ie, >60 years], and 7
had a range of ages).
Effect sizes from each study are shown in Figure 1. The
overall effect size shown in the bottom row of Figure 1 was relatively small according to conventional guidelines,82 r=0.07;
95% confidence interval (CI), 0.05–0.09. The SD of the effect
sizes (τ=0.04) suggests that 95% of the true effects fall within
the range of −0.004 to 0.14. The level of heterogeneity among
studies was moderate (I2=58.43). The Trim and Fill procedure,
which accounts for the possibility of publication bias, yielded

a slightly smaller estimate of the overall effect size (r=0.06;
95% CI, 0.03–0.08). The Online Data Supplement shows both
the observed effect sizes and the imputed effect sizes. The
likelihood-based correction procedure estimated somewhat
more publication bias, which resulted in an attenuated point
estimate (r=0.03; 95% CI, −0.01 to 0.08).
Sensitivity analyses showed that when considering associations from effect sizes based only on healthy populations
(ie, excluding the 7 effects sizes from patient populations), the
overall effect size was comparable to what we reported above
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Table 2. Summary of Studies on the Association Between Optimism and Dietary Quality
Participants

Study Design

Optimism
Assessment

Health Behavior
Assessment

143 undergraduate
students (Mage=21.8)

Cross-sectional

LOT

Rabinowitz et al47

46 blue-collar workers Cross-sectional
(Mage=34.6)

Shepperd et al75

20 individuals in
an 18-wk cardiac
rehabilitation program

Kimble53

Author(s) of Study

Covariates

Main Finding

Whether a person
monitored their nutrition
(single item)

None

Optimistic individuals
were more likely to
monitor their nutrition
than less optimistic
people

LOT

Extent to which a person
ate well (single item)

None

Optimism was not
significantly associated
with eating well

Longitudinal
across 18 wk

LOT

Degree to which
participant met goal to
reduce saturated fat in diet

Age, rehabilitation goal

Optimistic individuals
were more successful
at meeting their goal to
reduce saturated fat in their
diet than less optimistic
individuals

58 individuals
undergoing
percutaneous
transluminal coronary
angioplasty (Mage=62;
ages 32–84)

Longitudinal
across 2 wk
post-discharge

LOT

Low-fat and low-sodium
diet

Previous percutaneous
transluminal coronary
angioplasty, treatment
appraisal, heart disease
threat

Optimism was not
significantly associated
with diet

Mulkana and
Hailey55

118 college students
(Mage=22.05)

Cross-sectional

LOT

Consuming healthy foods
(9 nutrition-related items
from the Health-Promoting
Lifestyle Profile)

None

Optimism was positively
associated with better
nutrition

Holahan and
Suzuki57

162 men and women
from the Terman
Study (Mage=86.36)

Cross-sectional

Single item

Good nutrition (single item)

None

Optimism was positively
associated with good
nutrition

Kelloniemi et al76

8690 Finnish men and Cross-sectional
women (Mage=31)

LOT-R

Fresh vegetables or salad
(validated food frequency
questionnaire)

Smoking status, marital
status, education,
working history,
residential area

Optimistic individuals
reported eating more
vegetables than less
optimistic individuals

LOT

Heart disease preventative
diet

None

Optimism was associated
with healthier food
consumption

4 items with
established
reliability

Consumption of vegetables
(validated food frequency
questionnaire)

Age, education, living
arrangement, self-rated
health, CVD, diabetes
mellitus, cancer, BMI,
total energy intake

Greater optimism was
associated with more
vegetable intake

Hamid

46

Schroder and
Schwarzer58

381 German heart
surgery patients
(Mage=61.2)

Longitudinal
across 6 mo

Giltay et al12

773 elderly Dutch men Cross-sectional
(Mage=72.1)

Hingle et al32

13 645 women
in a clinical trial
and 20 242 in an
observational study as
part of the Women’s
Health Initiative

Prospective
longitudinal
across 1 y

LOT-R

369 patients with
acute coronary
syndrome
(Mage=60.82)

Prospective
longitudinal
across 12 mo

LOT-R

Ronaldson et al68

Healthy eating (comprised Baseline healthy eating,
vegetables, fruits, whole
age, race/ethnicity,
grains, sugar-sweetened
education, family
beverages and fruit juice, income, religious service
nuts and legumes, red/
attendance, diabetes
processed meat, trans
treatment, hypertension,
fat, long-chain fats,
high cholesterol,
polyunsaturated fatty
smoking status, physical
acids, sodium, and alcohol activity, use of hormone
from the Alternate Healthy
replacement therapy,
Eating Index)
waist circumference,
BMI, depression
Fruit and vegetable
consumption

Greater optimism
was associated with
improvements in healthy
eating across 1 y for
women in both the clinical
trial and observational
study

Age, sex, ethnicity, social Optimism was positively
deprivation, history
associated with consuming
of depression, risk of
more fruits and vegetables
postdischarge death,
baseline behavior
(Continued )
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Table 2. Continued
Participants

Study Design

Optimism
Assessment

Health Behavior
Assessment

Serlachius et al

1113 Finnish men and
women ages 24–39 at
baseline

Prospective
longitudinal
across 6 y

LOT-R,
optimism
subscale

Rius-Ottenheim
et al77

4 items
2171 men and women Cross-sectional
whose
with a history of
reliability was
myocardial infarction
established
(Mage=72.2)
by the Central
Bureau of
Statistics

Author(s) of Study
69

Covariates

Main Finding

Healthy diet (having >4
ideal diet indicators,
including ≥450 g of fruits
or vegetables per day, 2
servings of fish per week,
three 1-oz servings of
whole grains per day,
<1500 mg of sodium
per day, and ≤450 kcal
of sugar-sweetened
beverages per week
from a food frequency
questionnaire)

Age, sex, baseline
medication use, baseline
diet, pessimism

The optimism subscale
was significantly
associated with a healthy
diet 6 y later

Dutch Healthy Nutrient
and Food Score included
11 nutrient-dense food
groups: vegetables, fruit,
whole grains, protein-rich
plant foods (ie, legumes),
potatoes, lean meat,
fish, eggs, low-fat milk
and yogurt, oils and
soft margarines, and
noncaloric drinks

Age, sex

Optimism was associated
with consuming healthy
foods

Studies are ordered by publication date with the oldest studies appearing in the table first. Unless otherwise specified, men and women were both included and
analyses used all items from the LOT or LOT-R. In addition, the study design refers to whether the effect size included in the meta-analysis was from cross-sectional,
longitudinal, or prospective longitudinal data. Studies may have been longitudinal, but if the longitudinal relationship had baseline behavior predicting optimism
over time, then only the baseline correlation was included and the effect size would have been considered cross-sectional. BMI indicates body mass index; CVD,
cardiovascular disease; LOT, Life Orientation Test; and LOT-R, Life Orientation Test Revised.

(r=0.07; 95% CI, 0.04–0.09). However, the effect was slightly
higher for patient studies only (r=0.09; 95% CI, 0.03–0.15).
When considering effect sizes from just the longitudinal and
prospective longitudinal studies (ie, excluding effect sizes
from cross-sectional studies), the overall effect size was quite
a bit smaller although still statistically significant (r=0.03;
95% CI, 0.002–0.06). Excluding the 2 effect sizes from analysis that did not use a reliable or validated measure of optimism
yielded a slightly smaller overall effect size (r=0.06; 95% CI,
0.04–0.09), but excluding studies with null effects yielded a
slightly larger overall effect size (r=0.08; 95% CI, 0.05–0.10).

Dietary Quality
Fifteen effect sizes concerning dietary quality were analyzed.
There were 47 931 total participants across all studies. More
than half of the effect sizes came from studies that were
cross-sectional (53.3%), whereas the remaining effect sizes
came from longitudinal or prospective longitudinal studies
(Table 4). Seven effect sizes from articles published in 2005 or
earlier did not statistically control for sociodemographic characteristics (46.7%), although effect sizes from more recent
studies did control for at least several (53.3%). Even fewer effect sizes adjusted for psychological distress (26.7%). Nearly
all studies used a validated measure of optimism (93.3%),
but only approximately half used a validated measure of dietary quality. Ten effect sizes were derived from both men
and women (66.7%), whereas 2 were derived from men only
(13.3%) and 3 were derived from women only (20.0%). Five

effect sizes were derived from younger individuals (33.3%;
ie, 18–40 years), whereas the rest reflected older individuals
(33.3%; ie, >60 years) or included a range of ages (33.3%).
Effect sizes from each study are shown in Figure 2. As
depicted in the bottom row of Figure 2, the overall effect size
was r=0.12; 95% CI, 0.08–0.16. The SD of the effect sizes
(τ=0.06) indicates that 95% of the true effects fall within the
range of −0.002 to 0.24. The level of heterogeneity among
studies was high (I2=87.34). Notably, the Trim and Fill procedure to account for publication bias did not yield a substantially different effect size estimate or CI (r=0.12; 95%
CI, 0.08–0.16). That is, only 1 extremely small study had to
be removed and replaced (see funnel plot in the Online Data
Supplement). The likelihood-based correction procedure estimated more severe publication bias, such that the corrected
point estimate was in the opposite direction, albeit with a wide
CI (r=−0.11; 95% CI=−0.30 to 0.09).
Sensitivity analyses indicated that findings from healthy
populations were comparable to those that included both
healthy and patient populations (r=0.12; 95% CI, 0.07–0.17).
With just 5 effect sizes from patient populations, the combined effect size was slightly attenuated (r=0.11; 95% CI,
0.04–0.17). When the 8 effect sizes from the cross-sectional
studies were removed, the combined effect size from the longitudinal and prospective longitudinal studies was smaller
(r=0.05; 95% CI, 0.02–0.09). After removing the single study
that did not assess optimism with a validated measure, the
overall effect size remained mostly unchanged (r=0.11; 95%
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Table 3. Summary of the Studies on the Association Between Optimism and Cigarette Smoking
Participants

Study Design

Optimism
Assessment

Health Behavior
Assessment

Covariates

Main Finding

Greenberg

101 men and
women from a
public housing
project (Mage=35.41)

Cross-sectional

LOT

Smoking status

None

Optimism was not
significantly related
to current cigarette
smoking

Kimble53

58 individuals
Longitudinal across 2
undergoing
wk post-discharge
percutaneous
transluminal
coronary angioplasty
(Mage=62; ages
32–84)

LOT

Smoking status

Previous
percutaneous
transluminal
coronary angioplasty,
treatment appraisal,
heart disease threat

Optimism was not
significantly associated
with smoking status

Segerstrom et al54

90 first-year law
students (Mage=23.9)

Prospective
longitudinal
(controlled for
baseline smoking
status during ≈8 wk
of follow-up)

LOT

Smoking status

Baseline smoking
status

Optimism was not
significantly correlated
with smoking status

Kendler et al78

759 white women
who were same-sex
twins (Mage=30.1)

Longitudinal
(Mmonths=61.3;
SDmonths=5.1)

LOT

Nicotine dependence
(8-item Fagerstrom
Tolerance
Questionnaire)

None

Optimism was
associated with
reduced risk of nicotine
dependence

Kubzansky et al79

429 college
students (Mage=19)

Cross-sectional

LOT

Use of tobacco (from
a subscale of the
Health and Daily
Living Form)

Sex, age

Optimism was not
significantly associated
with cigarette smoking

Kelloniemi et al76

8690 Finnish
men and women
(Mage=31)

Cross-sectional

LOT-R

Smoking status

None

The least optimistic were
more likely to smoke;
nonsmokers were the
most optimistic

Schroder and
Schwarzer58

120 German heart
surgery patients
who were initially
smokers

Longitudinal across
6 mo

LOT

Smoking status

None

Optimism was not
significantly associated
with smoking status
among those who were
smokers at baseline

Steptoe et al59

128 men and
women (Mage=70.5)

Cross-sectional

LOT-R

Smoking status

Age, sex, chronic
illness, medication,
education, area
deprivation

Optimism was
associated with a
reduced likelihood of
smoking

39 students
(Mage=20.1)

Cross-sectional

LOT

Smoked any
cigarettes, pipes, or
cigars

None

Greater optimism was
associated with a
reduced likelihood of
smoking

Giltay et al12

773 elderly Dutch
men (Mage=72.1)

Cross-sectional

4 items whose
reliability was
established by the
Central Bureau of
Statistics

Smoking status

Age, education, living
arrangement, selfrated health, CVD,
diabetes mellitus,
cancer, BMI

Greater optimism was
marginally associated
with not smoking

Khallad80

167 American and
260 Jordanian
college students

Cross-sectional

LOT-R

Smoking status

None

Optimism was not
significantly associated
with smoking status for
either group

Liu et al81

1956 Chinese men
who were coal
miners

Cross-sectional

Subscale of the
Psychological
Capital
Questionnaire (in
Chinese)

Current smokers vs
nonsmokers

Age, marital status,
education, job rank,
occupational category,
occupational stress,
self-efficacy, hope,
resilience

Optimism was
associated with a
reduced risk of being a
current smoker

Author(s) of Study
52

Baker61

(Continued )
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Table 3. Continued
Author(s) of Study

Optimism
Assessment

Health Behavior
Assessment

Prospective
longitudinal across
12 mo

LOT-R

Smoking status
(current smoker vs
nonsmoker)

Prospective
longitudinal across
6y

LOT-R, optimism
subscale

Not smoking (either
never having smoked
or quit smoking >12
mo ago)

Participants

Study Design

68

Ronaldson et al

369 patients with
acute coronary
syndrome
(Mage=60.82)

Serlachius et al69

1113 Finnish men
and women ages
24–39 at baseline

Covariates

Main Finding

Age, sex, ethnicity,
Optimism was
social deprivation, associated with reduced
history of depression, likelihood of smoking
risk of postdischarge
after 12 mo
death, and baseline
behavior
Age, sex, baseline
medication use,
baseline smoking
status, pessimism

The optimism subscale
was not significantly
associated with being
a nonsmoker during
follow-up

Studies are ordered by publication date with the oldest studies appearing in the table first. Unless otherwise specified, men and women were both included and
analyses used all items from the LOT or LOT-R. In addition, the study design refers to whether the effect size included in the meta-analysis was from cross-sectional,
longitudinal, or prospective longitudinal data. Studies may have been longitudinal, but if the longitudinal relationship had baseline behavior predicting optimism
over time, then only the baseline correlation was included and the effect size would have been considered cross-sectional. BMI indicates body mass index; CVD,
cardiovascular disease; LOT, Life Orientation Test; and LOT-R, Life Orientation Test Revised.

CI, 0.07–0.15). Finally, removing 1 effect size from analyses
that was equal to zero did not measurably change the overall
effect (r=0.12; 95% CI, 0.08–0.16).

Cigarette Smoking
Fifteen effect sizes were analyzed for the association between
optimism and smoking status. Most studies were relatively
small with 1 study76 comprising more than half of the 15 052
total participants. Moreover, as shown in Table 4, most effect
sizes were from cross-sectional studies (60.0%), with 3 longitudinal studies (20.0%) and 3 prospective longitudinal studies
that accounted for changes in behavior during the followup period (20.0%). Although all effect sizes were based on

a validated method of assessing optimism, less than half of
the effect sizes controlled for ≥2 sociodemographic characteristics and only 20.0% controlled for psychological distress
(Table 4). All but 3 effect sizes were based on data from both
men and women (80.0%), and most participants were from
younger cohorts (53.3%; ie, 18–40 years).
Each effect size is shown in Figure 3. The overall effect
size was r=0.07; 95% CI, 0.03–0.10. The SD of the effect sizes
(τ=0.05) suggests that 95% of the true effects fall within the
range of −0.02 to 0.16. The level of heterogeneity among studies was moderate (I2=46.44), indicating that the variance between studies is likely real and could possibly be explained
by study characteristics. The overall effect size and CI were

Table 4. Summary of the Characteristics of the Effect Sizes for Each Health Behavior

Health Behavior

Study Size*

Study Design†

Statistical
Control for ≥2
Sociodemographic
Characteristics

Physical activity

Very small: 9/34 (26.5%)

Correlational: 22/34 (64.7%)

12/34 (35.3%)

5/34 (15.7%)

32/34 (94.1%)

13/34 (38.2%)

Small: 13/34 (38.2%)

Longitudinal: 5/34 (14.7%)

8/15 (53.3%)

4/15 (26.7%)

14/15 (93.3%)

8/15 (53.3%)

6/15 (40.0%)

3/15 (20.0%)

15/15 (100%)

…

Medium: 7/34 (20.6%)

Statistical Control
for Psychological
Distress

Validated
Assessment of
Optimism

Validated
Assessment of
Health Behavior‡

Prospective: 7/34 (20.6%)

Large: 5/34 (14.7%)
Dietary Quality

Very small: 3/15 (20.0%)

Correlational: 8/15 (53.3%)

Small: 3/15 (20.0%)

Longitudinal: 3/15 (20.0%)

Medium: 3/15 (20.0%)

Prospective: 4/15 (26.7%)

Large: 6/15 (40.0%)
Cigarette Smoking

Very small: 3/15 (20.0%)

Correlational: 9/15 (60.0%)

Small: 4/15 (26.7%)

Longitudinal: 3/15 (20.0%)

Medium: 5/15 (33.3%)

Prospective: 3/15 (20.0%)

Large: 3/15 (20.0%)
*Size of study was classified as very small (n<100), small (n=100–199), medium (n=200–999), and large (n≥1000).
†Designs were classified as cross-sectional (studies <2 wk in duration), longitudinal (studies ≥2 wk in duration) without considering change over time, and prospective
longitudinal considering change over time (eg, maintain, decline, improve, or taking account of baseline behavior).
‡Cigarette smoking is frequently assessed with a single item that asks participants to indicate their smoking status. Although these are not multi-item scales, they
are consistent with more objective assessments of smoking status.37 As such, we did not evaluate cigarette smoking studies on this dimension.
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Figure 1. Forest plot of individual studies investigating the association between optimism and physical activity. The size of the
square corresponds to the weight of the effect size in the analysis. CI indicates confidence interval.

identical after the Trim and Fill procedure, indicating that
no studies were removed and replaced (see funnel plot in the
Online Data Supplement). The likelihood-based correction
procedure yielded similar results (r=0.04; 95% CI, 0.02–0.07).
In sensitivity analyses without 3 effect sizes from patient
populations, the overall effect was mostly the same (r=0.07;
95% CI, 0.02–0.12). The 3 effect sizes from patient populations yielded an overall effect size that was somewhat attenuated (r=0.05; 95% CI, 0.01–0.09). After excluding effect sizes
from cross-sectional designs, the overall effect was slightly
smaller for longitudinal and prospective longitudinal studies
(r=0.06; 95% CI, 0.03–0.09). Finally, after excluding 3 effect

sizes that were equal to zero, the overall effect was mostly
unchanged (r=0.07; 95% CI, 0.03–0.12).

Discussion
Engaging in healthy behaviors is related to better cardiovascular health and reduced risk of cardiovascular-related mortality.83–85 However, attaining or maintaining healthy behavior
across the lifespan is notoriously difficult.86 One possible reason for the limited success of fostering healthy behavior is the
failure to take into account the feelings, aspirations, or context
of individuals. A novel approach to promoting cardiovascular
health can draw from research on optimism, which has been

Figure 2. Forest plot of individual studies investigating the association between optimism and dietary quality. The size of the
square corresponds to the weight of the effect size in the analysis. CI indicates confidence interval.
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Figure 3. Forest plot of individual studies investigating the association between optimism and cigarette smoking. The size of the
square corresponds to the weight of the effect size in the analysis. CI indicates confidence interval.

identified as a modifiable, upstream psychological resource
that is related to improved cardiovascular outcomes.23,87,88
However, research to date has been unclear as to the direction
and extent of optimism’s association with health behaviors.
Evidence from the meta-analyses reported here suggests that
optimism is modestly associated with greater physical activity,
eating healthier food, and being less likely to smoke cigarettes
in both healthy and patient populations. It does not seem that
optimists ignore future health because of a rosy outlook; instead, they engage in healthier behaviors compared with their
less optimistic peers. By including longitudinal study designs
and studies that statistically controlled for potential confounders, our findings provide the most stringent test to date for an
association between optimism and health behaviors.
The relatively small associations between optimism and
cardiovascular-related behaviors are perhaps not surprising
given that health behaviors are determined by factors at multiple levels (ie, individual, environmental, social, and policy
factors). In addition, focusing on the association between
optimism and health behaviors at a single point in time may
underestimate optimism’s association with health behaviors
cumulatively over time,89 or even in the context of sensitive
developmental periods (eg, during adolescence when healthrelated behaviors are often established) or major life events
(eg, after experiencing a heart attack). Although it is possible
that the association between optimism and health behaviors
may operate differently for healthy and patient populations,
we did not find strong evidence of that and small associations
persisted regardless of the population. Such modest associations can have a measurable impact at the population level,
where small changes on a wide scale can impact the health of
thousands of people.90
Up to 65% of effect sizes included in the meta-analyses
used cross-sectional designs, which restricts conclusions
about the timing of the relationship (for other limitations of existing evidence and recommendations for future research, see
Table 5). When effect sizes from cross-sectional studies were
excluded from the meta-analyses, effects were attenuated for
all 3 health behaviors. That said, it is noteworthy that small but

consistent effects were evident for each health behavior even
when considering only the more rigorously designed studies.
Thus, evidence is suggestive but not conclusive. A bidirectional relationship between optimism and health behaviors is
likely, so additional evidence is needed that demonstrates optimism precedes and motivates health behaviors.
Further consideration of published longitudinal studies also provides insight for future directions. In the existing
longitudinal evidence examining whether optimism precedes
a given behavior, participants were often followed for short
periods of time (eg, 8 weeks). Only a couple of studies followed participants for a year or more,32,69 and few considered
behavioral maintenance, uptake, or decline. Given the inherent difficulty of not only initiating but also sustaining healthy
behaviors over time, longer perspectives that track participants for lengthy periods of time are crucial, especially because healthy behavior is often not maintained over time.86
One recent study that prospectively investigated the association between a different psychological resource, psychological well-being, and physical activity found that people with
higher versus lower baseline levels of psychological well-being were more likely to attain and maintain recommended levels of physical activity across more than a decade.91 However,
this type of evidence remains rare.
Another challenge is that even when health behaviors are
considered as outcomes in longitudinal studies, controlling for
baseline behavior may leave little variance to be explained by
other factors such as optimism, especially if changes in behavior are not expected (this may have been the case in some of
the smoking studies, where it is unlikely that many older adults
initiate smoking later in life). In fact, most studies begin at a
relatively arbitrary point in time, often in middle adulthood,
because they are focused on diseases that develop midlife and
beyond (eg, Multi-Ethnic Study of Atherosclerosis). This is
potentially problematic given that many of the behaviors of
interest are initiated in adolescence or early adulthood. By the
time a cohort study can examine the relationships of interest,
any observable effects are likely to have been at play for some
time. Thus, the time frame of studies and a focus on whether
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Table 5. Limitations of Existing Research and
Recommendations for Future Research
Limitation

Recommendation

Cross-sectional study designs

Use prospective longitudinal designs that
assess optimism at baseline and take into
account baseline levels of behavior or
change in behavior across time

Short-term longitudinal
studies

Examine associations across longer
periods of time (eg, a year or several
years)

Investigation of the optimism–
behavior relationship at a
relatively arbitrary point in
time

Investigate the association during
sensitive periods (eg, during adolescence)
or in the context of major life events (eg,
after a heart attack)

Few potential confounders
considered in analytic models

Include a wide range of potential
confounders in analyses including
sociodemographic characteristics and
psychological distress

Self-reported assessment of
optimism and behaviors with
inconsistent questionnaires
for health behaviors

Use alternatives to self-report
including peer-report, text analysis,
biomarker assessment (eg, cotinine), or
actigraphy; in addition, use standardized
questionnaires to assess health behaviors

Small sample sizes

Use sample sizes that are sufficiently
powered to detect modest effect sizes

Mostly white participants
from Western countries

Conduct studies with individuals from
a variety of cultural, racial, and ethnic
backgrounds

Only linear relationships
investigated and uncertainty
whether different aspects
of behavior (eg, sedentary
behavior vs vigorous physical
activity) differentially correlate
with optimism

Examine whether optimism and health
behaviors have nonlinear relationships;
split up potentially independent
behavioral outcomes and investigate
separately; use quantile regression
models to see if effects of optimism
matter more at some parts of a behavioral
distribution than others; model an
interaction between the baseline level of
a health behavior and change in optimism
in longitudinal studies

optimism is associated with the maintenance, improvement, or
decline of health behaviors are important directions for future
research, especially during adolescence or early adulthood.
Another weakness of many studies is their inability to rule
out the possibility that other variables might alter the association between optimism and health behaviors. Although some
studies controlled for known potential confounders such as socioeconomic status, others did not. Given the small sizes of the
associations, even modest levels of confounding could explain
away the associations. Thus, future studies should take into
account the third variables that might confound the optimism–
behavior relationship or even formally assess the robustness
of observed associations to unmeasured confounding.92 Key
factors to consider include education and the presence of underlying disease. In addition, given that optimism (or the lack
thereof) is often correlated with indicators of psychological
distress such as depression, anxiety, and stress, it is critical to
ensure that effects of optimism are not simply signaling the
absence of distress.

An additional drawback relates to the measurement of optimism and health behaviors in existing studies. Because both
optimism and health behaviors are typically self-reported, the
magnitude of their association may be inflated because of common methodology (although this is somewhat mitigated when
optimism is assessed before behavior). Future research could
use alternatives to self-report that may be more precise. For example, analyzing written text could provide measurements of
optimism, whereas cotinine levels or actigraphs could provide
objective assessments of cigarette smoking and physical activity, respectively. In general, more consistent and standardized
approaches to measuring health behaviors would also be useful.
Furthermore, examining nonlinear associations between
optimism and health behaviors may be fruitful, especially for
behaviors such as alcohol consumption where some but not
too much of the behavior is associated with health.93 Moreover,
health behaviors are often assessed with bipolar scales—for
example, physical activity may be measured with a scale ranging from inactivity (ie, sedentary behavior) to vigorous activity. However, being inactive may have different correlates than
vigorously engaging in exercise does (eg, sedentary behaviors
are associated with increased risk of disease independently of
physical activity).94–96 Optimism could also be more strongly
associated with one end of the spectrum (eg, vigorous activity),
whereas psychological distress could be associated with the
other end (eg, inactivity). We are not aware of any studies that
have explicitly tested this hypothesis, but it may be useful to
investigate the full spectrum of each behavior moving forward.
Findings indicated that there was substantial heterogeneity across the included studies that reflected true variation (not
merely error), so further attention to differences in study characteristics is warranted, especially when additional longitudinal studies are conducted. The majority of evidence to date is
based on relatively small sample sizes, which may not have
enough statistical power to detect associations. Studies with
diverse samples in terms of age, race, cultural background, socioeconomic status, and health status will allow generalization
to more people and help identify potential moderators of the association between optimism and health behaviors. Most studies included in the meta-analyses comprised white individuals
from Western countries. Yet optimism’s association with health
behaviors may be moderated by characteristics that only the
use of diverse samples can reveal. Moreover, optimism itself
may be an important modifier and may interact with other factors, such as socioeconomic status, to predict health behaviors.
Finally, the commonly used Trim and Fill approach to determining the extent of publication bias suggested that overall
effect sizes were mostly unchanged. However, results from the
likelihood-based correction procedure suggested that only a
modest association was evident for cigarette smoking and that
associations for physical activity and dietary quality were no
longer statistically significant. Thus, findings should be interpreted in light of the possibility of publication bias, while recognizing that any narrative review or search of the literature
would be subject to similar effects.

Concluding Remarks
Meta-analytic findings indicate that more optimistic individuals are apt to engage in healthier behaviors that are relevant
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for the delay of cardiovascular disease. We cannot yet draw
firm conclusions as to whether modifying levels of optimism
would lead to behavior change because of the predominance
of cross-sectional evidence and the probable bidirectional
association between optimism and health behaviors. That
is, people with greater optimism are more likely to engage
in healthy activities and healthy activities, in turn, are likely
to foster greater optimism. However, the consistency of findings across different health behaviors, as well as across crosssectional and longitudinal studies, suggests that optimism
may increase the likelihood of engaging in healthy behavior.
Additional longitudinal, prospective longitudinal (taking into
account changes in behavior over time), and experimental
investigations that isolate the effects of optimism and rule
out alternative explanations can indicate more conclusively
whether initially optimistic people have a reduced risk of cardiovascular disease because of their greater willingness to engage in health behaviors.
If future evidence can establish that optimism precedes
and influences health behaviors, then new approaches to behavior change could be developed. Given the limited success
of current efforts to promote behavior change, optimism may
provide a novel strategy with which to design innovative behavioral interventions that foster psychological resources,
rather than primarily seeking to repair psychological deficits.18 Such an approach is congruent with recent calls for
primordial prevention where a major goal is to prevent the
development of risk factors and promote protective factors.97
Indeed, an emphasis on optimism and other psychological resources may be especially promising because effects could
impact multiple behaviors simultaneously, rather than just a
single behavior at a time.
Empirical evidence suggests that small improvements in
optimism can be made through a variety of strategies, including
via relatively brief writing exercises, meditative approaches,
and even more intensive cognitive-behavioral therapy practices.88 Preliminary work has also investigated the feasibility
of conducting 8-week long interventions to increase optimism
and related constructs in cardiac patients.98–100 It remains unclear whether improvements in optimism could translate into
behavioral or health benefits in the short term or, even more
challenging, over the long term. However, findings indicating
that optimism is modifiable combined with findings that optimism is associated with healthier behavior suggest that optimism may be a promising target for intervention. Given that
optimism is important in its own right and that it may serve as
a resource in relation to behavior and other health outcomes,
a greater focus on both upstream factors that foster optimism
and its downstream effects is warranted.

Sources of Funding
Support for this research was provided by the Robert Wood Johnson
Foundation through the grants Exploring the Concept of Positive
Health and Positive Health & Comprehensive Soldier Fitness. The
funding agency had no role in the design, execution, analysis, or
interpretation of this research.

Disclosures
None.

References
1. Carver CS, Scheier MF, Segerstrom SC. Optimism. Clin Psychol Rev.
2010;30:879–889. doi: 10.1016/j.cpr.2010.01.006.
2. Rasmussen HN, Scheier MF, Greenhouse JB. Optimism and physical
health: a meta-analytic review. Ann Behav Med. 2009;37:239–256. doi:
10.1007/s12160-009-9111-x.
3. Boehm JK, Kubzansky LD. The heart’s content: the association between
positive psychological well-being and cardiovascular health. Psychol Bull.
2012;138:655–691. doi: 10.1037/a0027448.
4. Kim ES, Hagan KA, Grodstein F, DeMeo DL, De Vivo I, Kubzansky LD.
Optimism and cause-specific mortality: a prospective cohort study. Am J
Epidemiol. 2017;185:21–29. doi: 10.1093/aje/kww182.
5. Kim ES, Smith J, Kubzansky LD. Prospective study of the association between dispositional optimism and incident heart failure. Circ
Heart Fail. 2014;7:394–400. doi: 10.1161/CIRCHEARTFAILURE.
113.000644.
6. Kim ES, Park N, Peterson C. Dispositional optimism protects older adults
from stroke: the Health and Retirement Study. Stroke. 2011;42:2855–
2859. doi: 10.1161/STROKEAHA.111.613448.
7. Giltay EJ, Geleijnse JM, Zitman FG, Hoekstra T, Schouten EG.
Dispositional optimism and all-cause and cardiovascular mortality in a
prospective cohort of elderly dutch men and women. Arch Gen Psychiatry.
2004;61:1126–1135. doi: 10.1001/archpsyc.61.11.1126.
8. Giltay EJ, Kamphuis MH, Kalmijn S, Zitman FG, Kromhout D.
Dispositional optimism and the risk of cardiovascular death: the Zutphen
Elderly Study. Arch Intern Med. 2006;166:431–436. doi: 10.1001/archinte.
166.4.431.
9. Boehm JK, Peterson C, Kivimaki M, Kubzansky L. A prospective study
of positive psychological well-being and coronary heart disease. Health
Psychol. 2011;30:259–267. doi: 10.1037/a0023124.
10. Tindle HA, Chang YF, Kuller LH, Manson JE, Robinson JG, Rosal MC,
Siegle GJ, Matthews KA. Optimism, cynical hostility, and incident coronary
heart disease and mortality in the Women’s Health Initiative. Circulation.
2009;120:656–662. doi: 10.1161/CIRCULATIONAHA.108.827642.
11. Steptoe A, Dockray S, Wardle J. Positive affect and psychobiological processes relevant to health. J Pers. 2009;77:1747–1776. doi:
10.1111/j.1467-6494.2009.00599.x.
12. Giltay EJ, Geleijnse JM, Zitman FG, Buijsse B, Kromhout D. Lifestyle and
dietary correlates of dispositional optimism in men: The Zutphen Elderly
Study. J Psychosom Res. 2007;63:483–490. doi: 10.1016/j.jpsychores.
2007.07.014.
13. Bouchard LC, Carver CS, Mens MG, Scheier MF. Optimism, health,
and well-being. In: Dunn DS, ed. Positive Psychology: Established and
Emerging Issues. New York, NY: Routledge; 2018:112–130.
14. Rasmussen HN, Wrosch C, Scheier MF, Carver CS. Self-regulation processes and health: the importance of optimism and goal adjustment. J Pers.
2006;74:1721–1747. doi: 10.1111/j.1467-6494.2006.00426.x.
15. Weinstein ND. Optimistic biases about personal risks. Science.
1989;246:1232–1233.
16. Watson KB, Carlson SA, Gunn JP, Galuska DA, O’Connor A, Greenlund
KJ, Fulton JE. Physical inactivity among adults aged 50 years and older
- United States, 2014. MMWR Morb Mortal Wkly Rep. 2016;65:954–958.
doi: 10.15585/mmwr.mm6536a3.
17. Moore LV, Thompson FE. Adults meeting fruit and vegetable intake recommendations - United States, 2013. MMWR Morb Mortal Wkly Rep.
2015;64:709–713.
18. 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.
19. Ford ES, Bergmann MM, Kröger J, Schienkiewitz A, Weikert C, Boeing H.
Healthy living is the best revenge: findings from the European Prospective
Investigation Into Cancer and Nutrition-Potsdam study. Arch Intern Med.
2009;169:1355–1362. doi: 10.1001/archinternmed.2009.237.
20. McCullough ML, Patel AV, Kushi LH, Patel R, Willett WC, Doyle C,
Thun MJ, Gapstur SM. Following cancer prevention guidelines reduces risk of cancer, cardiovascular disease, and all-cause mortality. Cancer Epidemiol Biomarkers Prev. 2011;20:1089–1097. doi:
10.1158/1055-9965.EPI-10-1173.
21. Nocon M, Hiemann T, Müller-Riemenschneider F, Thalau F, Roll S,
Willich SN. Association of physical activity with all-cause and cardiovascular mortality: a systematic review and meta-analysis. Eur J Cardiovasc
Prev Rehabil. 2008;15:239–246. doi: 10.1097/HJR.0b013e3282f55e09.
22. Smith SC, Jr, Benjamin EJ, Bonow RO, et al. AHA/ACCF secondary
prevention and risk reduction therapy for patients with coronary and

Boehm et al   Optimism and Cardiovascular-Related Behavior   1133

23.
24.
25.
26.

27.
28.
29.

30.

31.

32.
33.

34.
35.
36.
37.
38.
39.
40.

41.
42.
43.

other atherosclerotic vascular disease: 2011 update: a guideline from
the American Heart Association and American College of Cardiology
Foundation. Circulation. 2011;124:2458–2473.
Labarthe DR, Kubzansky LD, Boehm JK, Lloyd-Jones DM, Berry JD,
Seligman ME. Positive cardiovascular health: a timely convergence. J Am
Coll Cardiol. 2016;68:860–867. doi: 10.1016/j.jacc.2016.03.608.
Carney RM, Freedland KE. Depression and coronary heart disease. Nat
Rev Cardiol. 2017;14:145–155. doi: 10.1038/nrcardio.2016.181.
Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in health
behaviors. Annu Rev Sociol. 2010;36:349–370. doi: 10.1146/annurev.soc.
012809.102529.
Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S,
Davey-Smith G, Dennison-Himmelfarb CR, Lauer MS, Lockwood DW,
Rosal M, Yancy CW; American Heart Association Council on Quality of
Care and Outcomes Research, Council on Epidemiology and Prevention,
Council on Cardiovascular and Stroke Nursing, Council on Lifestyle
and Cardiometabolic Health, and Stroke Council. Social determinants of
risk and outcomes for cardiovascular disease: a scientific statement from
the American Heart Association. Circulation. 2015;132:873–898. doi:
10.1161/CIR.0000000000000228.
Gallagher MW, Lopez SJ. Positive expectancies and mental health: identifying the unique contributions of hope and optimism. J Posit Psychol.
2009;4:548–556.
Bryant FB, Cvengros JA. Distinguishing hope and optimism: two sides of
a coin, or two separate coins?. J Soc Clin Psychol. 2004;23:273–302.
Radcliffe NM, Klein WMP. Dispositional, unrealistic and comparative
optimism: differential relations with the knowledge and processing of
risk information and beliefs about personal risk. Pers Soc Psychol Bull.
2002;28:836–846.
Palomo T, Beninger RJ, Kostrzewa RM, Archer T. Affective status in relation to impulsive, motor and motivational symptoms: personality, development and physical exercise. Neurotox Res. 2008;14:151–168. doi:
10.1007/BF03033807.
Tinker LF, Rosal MC, Young AF, Perri MG, Patterson RE, Van Horn
L, Assaf AR, Bowen DJ, Ockene J, Hays J, Wu L. Predictors of dietary change and maintenance in the Women’s Health Initiative Dietary
Modification Trial. J Am Diet Assoc. 2007;107:1155–1166. doi:
10.1016/j.jada.2007.04.010.
Hingle MD, Wertheim BC, Tindle HA, Tinker L, Seguin RA, Rosal MC,
Thomson CA. Optimism and diet quality in the Women’s Health Initiative.
J Acad Nutr Diet. 2014;114:1036–1045. doi: 10.1016/j.jand.2013.12.018.
Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D,
Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-Analysis
of Observational Studies in Epidemiology (MOOSE) group. JAMA.
2000;283:2008–2012.
Chida Y, Steptoe A. Positive psychological well-being and mortality: a
quantitative review of prospective observational studies. Psychosom Med.
2008;70:741–756. doi: 10.1097/PSY.0b013e31818105ba.
Wardle J, Chida Y, Gibson EL, Whitaker KL, Steptoe A. Stress and adiposity: a meta-analysis of longitudinal studies. Obesity (Silver Spring).
2011;19:771–778. doi: 10.1038/oby.2010.241.
Scheier MF, Carver CS. Optimism, coping, and health: assessment and
implications of generalized outcome expectancies. Health Psychol.
1985;4:219–247.
Wong SL, Shields M, Leatherdale S, Malaison E, Hammond D. Assessment
of validity of self-reported smoking status. Health Rep. 2012;23:47–53.
Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535. doi: 10.1136/bmj.b2535.
Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduction
to Meta-Analysis. Chichester, United Kingdom: John Wiley & Sons;
2009.
Oyebode O, Gordon-Dseagu V, Walker A, Mindell JS. Fruit and vegetable
consumption and all-cause, cancer and CVD mortality: analysis of Health
Survey for England data. J Epidemiol Community Health. 2014;68:856–
862. doi: 10.1136/jech-2013-203500.
Duval S, Tweedie R. Trim and Fill: a simple funnel-plot-based method
of testing and adjusting for publication bias in meta-analysis. Biometrics.
2000;56:455–463.
Duval S, Tweedie R. A nonparametric ‘Trim and Fill’ method of accounting for publication bias in meta-analysis. J Am Stat Assoc. 2000;95:89–98.
Simonsohn U, Nelson LD, Simmons JP. p-Curve and effect size: correcting for publication bias using only significant results. Perspect Psychol
Sci. 2014;9:666–681. doi: 10.1177/1745691614553988.

44. Andrews I, Kasy M. Identification of and correction for publication bias.
No. w23298. National Bureau of Economic Research. 2017.
45. Scheier MF, Matthews KA, Owens JF, Magovern GJ Sr, Lefebvre RC,
Abbott RA, Carver CS. Dispositional optimism and recovery from coronary artery bypass surgery: the beneficial effects on physical and psychological well-being. J Pers Soc Psychol. 1989;57:1024–1040.
46. Hamid PN. Optimism and the reporting of flu episodes. Soc Behav Pers.
1990;18:225–234.
47. Rabinowitz S, Melamed S, Weisberg E, Tal D, Ribak J. Personal determinants of leisure-time exercise activities. Percept Mot Skills. 1992;75:779–
784. doi: 10.2466/pms.1992.75.3.779.
48. Fontaine KR, Shaw DF. Effects of self-efficacy and dispositional optimism on adherence to step aerobic exercise classes. Percept Mot Skills.
1995;81:251–255. doi: 10.2466/pms.1995.81.1.251.
49. Jex SM, Spector PE, Gudanowski DM, Newman RA. Relations between exercise and employee responses to work stressors: a summary of
two studies. In: Crandall R, Perrewé PL, Crandall R, Perrewé PL, eds.
Occupational Stress: A Handbook. Philadelphia, PA: Taylor & Francis;
1995:283–301.
50. Kavussanu M, McAuley E. Exercise and optimism: are highly active individuals more optimistic? J Sport Exerc Psychol. 1995;17:246–258.
51. Davidson K, Prkachin K. Optimism and unrealistic optimism have an interacting impact on health-promoting behavior and knowledge changes.
Pers Soc Psychol Bull. 1997;23:617–625.
52. Greenberg M. High-rise public housing, optimism, and personal and environmental health behaviors. Am J Health Behav. 1997;21:388–398.
53. Kimble LP. Cognitive appraisal and cardiac risk reduction behavior following coronary angioplasty. West J Nurs Res. 1998;20:733–744. doi:
10.1177/019394599802000605.
54. Segerstrom SC, Taylor SE, Kemeny ME, Fahey JL. Optimism is associated with mood, coping, and immune change in response to stress. J Pers
Soc Psychol. 1998;74:1646–1655.
55. Mulkana SS, Hailey BJ. The role of optimism in health-enhancing behavior. Am J Health Behav. 2001;25:388–395.
56. Glazer KM, Emery CF, Frid DJ, Banyasz RE. Psychological predictors
of adherence and outcomes among patients in cardiac rehabilitation.
J Cardiopulm Rehabil. 2002;22:40–46.
57. Holahan CK, Suzuki R. Motivational factors in health promoting behavior
in later aging. Act Adapt Aging. 2005;30:47–60.
58. Schroder KE, Schwarzer R. Habitual self-control and the management of
health behavior among heart patients. Soc Sci Med. 2005;60:859–875. doi:
10.1016/j.socscimed.2004.06.028.
59. Steptoe A, Wright C, Kunz-Ebrecht SR, Iliffe S. Dispositional optimism and health behaviour in community-dwelling older people: associations with healthy ageing. Br J Health Psychol. 2006;11:71–84. doi:
10.1348/135910705X42850.
60. Venne SA, Laguna P, Walk S, Ravizza K. Optimism levels among
collegiate athletes and non-athletes. Int J Sport Exerc Psychol.
2006;4:182–195.
61. Baker SR. Dispositional optimism and health status, symptoms and behaviours: assessing idiothetic relationships using a prospective daily diary
approach. Psychol Health. 2007;22:431–455.
62. Ruthig JC, Chipperfield JG, Newall NE, Perry RP, Hall NC. Detrimental
effects of falling on health and well-being in later life: the mediating roles
of perceived control and optimism. J Health Psychol. 2007;12:231–248.
doi: 10.1177/1359105307074250.
63. Bailis DS, Chipperfield JG, Perry RP, Newall NE, Haynes TL. Exploring
the commonalities between adaptive resources and self-enhancement in
older adults’ comparative judgments of physical activity. J Aging Health.
2008;20:899–919. doi: 10.1177/0898264308324636.
64. Geers AL, Wellman JA, Lassiter GD. Dispositional optimism and engagement: the moderating influence of goal prioritization. J Pers Soc Psychol.
2009;96:913–932. doi: 10.1037/a0014830.
65. Rius-Ottenheim N, Geleijnse JM, Kromhout D, van der Mast RC,
Zitman FG, Giltay EJ. Physical activity after myocardial infarction: is
it related to mental health? Eur J Prev Cardiol. 2013;20:399–408. doi:
10.1177/2047487312438184.
66. Pavey TG, Burton NW, Brown WJ. Prospective relationships between
physical activity and optimism in young and mid-aged women. J Phys Act
Health. 2015;12:915–923. doi: 10.1123/jpah.2014-0070.
67. Ramsay JE, Yang F, Pang JS, Lai CM, Ho RC, Mak KK. Divergent
pathways to influence: cognition and behavior differentially mediate the effects of optimism on physical and mental quality of life in
Chinese university students. J Health Psychol. 2015;20:963–973. doi:
10.1177/1359105313504441.

1134  Circulation Research  April 13, 2018
68. Ronaldson A, Molloy GJ, Wikman A, Poole L, Kaski JC, Steptoe A.
Optimism and recovery after acute coronary syndrome: a clinical cohort study.
Psychosom Med. 2015;77:311–318. doi: 10.1097/PSY.0000000000000155.
69. Serlachius A, Pulkki-Råback L, Elovainio M, Hintsanen M, Mikkilä
V, Laitinen TT, Jokela M, Rosenström T, Josefsson K, Juonala M,
Lehtimäki T, Raitakari O, Keltikangas-Järvinen L. Is dispositional optimism or dispositional pessimism predictive of ideal cardiovascular
health? The Young Finns Study. Psychol Health. 2015;30:1221–1239. doi:
10.1080/08870446.2015.1041394.
70. Huffman JC, Beale EE, Celano CM, Beach SR, Belcher AM, Moore SV,
Suarez L, Motiwala SR, Gandhi PU, Gaggin HK, Januzzi JL. Effects of
optimism and gratitude on physical activity, biomarkers, and readmissions after an acute coronary syndrome: the Gratitude Research in Acute
Coronary Events Study. Circ Cardiovasc Qual Outcomes. 2016;9:55–63.
doi: 10.1161/CIRCOUTCOMES.115.002184.
71. Kim J, Chun S, Heo J, Lee S, Han A. Contribution of leisure-time physical
activity on psychological benefits among elderly immigrants. Appl Res
Qual Life. 2016;11:461–470.
72. Smagula SF, Faulkner K, Scheier MF, Tindle HA, Cauley JA;
Osteoporotic Fractures in Men (MrOS) Study Group. Testing the independence of multiple personality factors in relation to health among
community-dwelling older men. J Aging Health. 2016;28:571–586. doi:
10.1177/0898264315597649.
73. Progovac AM, Donohue JM, Matthews KA, Chang CH, Habermann EB,
Kuller LH, Saquib J, LaMonte MJ, Salmoirago-Blotcher E, Zaslavsky
O, Tindle HA. Optimism predicts sustained vigorous physical activity in postmenopausal women. Prev Med Rep. 2017;8:286–293. doi:
10.1016/j.pmedr.2017.10.008.
74. Meyer AM, Evenson KR, Morimoto L, Siscovick D, White E. Test-retest reliability of the Women’s Health Initiative physical activity questionnaire. Med
Sci Sports Exerc. 2009;41:530–538. doi: 10.1249/MSS.0b013e31818ace55.
75. Shepperd JA, Maroto JJ, Pbert LA. Dispositional optimism as a predictor
of health changes among cardiac patients. J Res Pers. 1996;30:517–534.
76. Kelloniemi H, Ek E, Laitinen J. Optimism, dietary habits, body mass index
and smoking among young Finnish adults. Appetite. 2005;45:169–176.
doi: 10.1016/j.appet.2005.05.001.
77. Rius-Ottenheim N, Kromhout D, Sijtsma FPC, Geleijnse JM, Giltay EJ.
Dietary patterns and mental health after myocardial infarction. PLoS One.
2017;12:e0186368. doi: 10.1371/journal.pone.0186368.
78. Kendler KS, Neale MC, Sullivan P, Corey LA, Gardner CO, Prescott CA.
A population-based twin study in women of smoking initiation and nicotine dependence. Psychol Med. 1999;29:299–308.
79. Kubzansky LD, Kubzansky PE, Maselko J. Optimism and pessimism in
the context of health: bipolar opposites or separate constructs? Pers Soc
Psychol Bull. 2004;30:943–956. doi: 10.1177/0146167203262086.
80. Khallad Y. Dispositional optimism among American and Jordanian college students: are Westerners really more upbeat than Easterners? Int J
Psychol. 2010;45:56–63. doi: 10.1080/00207590902767020.
81. Liu L, Xu X, Wu H, Yang Y, Wang L. Associations of psychological capital, demographic and occupational factors with cigarette smoking among
Chinese underground coal miners. BMC Public Health. 2015;15:20. doi:
10.1186/s12889-015-1349-6.
82. Cohen J. A power primer. Psychol Bull. 1992;112:155–159.
83. King DE, Mainous AG III, Geesey ME. Turning back the clock: adopting a healthy lifestyle in middle age. Am J Med. 2007;120:598–603. doi:
10.1016/j.amjmed.2006.09.020.
84. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and
vegetable consumption and mortality from all causes, cardiovascular disease, and cancer: systematic review and dose-response meta-analysis of
prospective cohort studies. BMJ. 2014;349:g4490.

85. Liu K, Daviglus ML, Loria CM, Colangelo LA, Spring B, Moller
AC, Lloyd-Jones DM. Healthy lifestyle through young adulthood
and the presence of low cardiovascular disease risk profile in middle age: the Coronary Artery Risk Development in (Young) Adults
(CARDIA) study. Circulation. 2012;125:996–1004. doi: 10.1161/
CIRCULATIONAHA.111.060681.
86. Fjeldsoe B, Neuhaus M, Winkler E, Eakin E. Systematic review of maintenance of behavior change following physical activity and dietary interventions. Health Psychol. 2011;30:99–109. doi: 10.1037/a0021974.
87. Rozanski A. Optimism and other sources of psychological well-being: a
new target for cardiac disease prevention. Circ Heart Fail. 2014;7:385–
387. doi: 10.1161/CIRCHEARTFAILURE.114.001303.
88. Malouff JM, Schutte NS. Can psychological interventions increase optimism? A meta-analysis. J Posit Psychol. 2017;12:594–604.
89. Abelson RP. A variance explanation paradox: when a little is a lot.
Psychol. Bull. 1985;97:129–133.
90. Friedman HS, Booth-Kewley S. The “disease-prone personality”. A meta-analytic view of the construct. Am Psychol. 1987;42:539–555.
91. Kim ES, Kubzansky LD, Soo J, Boehm JK. Maintaining healthy behavior: a prospective study of psychological well-being and physical
activity. Ann Behav Med. 2017;51:337–347. doi: 10.1007/s12160016-9856-y.
92. VanderWeele TJ, Ding P. Sensitivity analysis in observational research:
introducing the E-value. Ann Intern Med. 2017;167:268–274. doi:
10.7326/M16-2607.
93. Di Castelnuovo A, Costanzo S, Bagnardi V, Donati MB, Iacoviello L,
de Gaetano G. Alcohol dosing and total mortality in men and women:
an updated meta-analysis of 34 prospective studies. Arch Intern Med.
2006;166:2437–2445. doi: 10.1001/archinte.166.22.2437.
94. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, and
cardiovascular disease. Diabetes. 2007;56:2655–2667. doi: 10.2337/
db07-0882.
95. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardiovascular disease, and cancer. Med Sci Sports
Exerc. 2009;41:998–1005. doi: 10.1249/MSS.0b013e3181930355.
96. Stamatakis E, Hamer M, Dunstan DW. Screen-based entertainment time,
all-cause mortality, and cardiovascular events: population-based study
with ongoing mortality and hospital events follow-up. J Am Coll Cardiol.
2011;57:292–299. doi: 10.1016/j.jacc.2010.05.065.
97. Lloyd-Jones DM, Hong Y, Labarthe D, et al; American Heart Association
Strategic Planning Task Force and Statistics Committee. 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.
98. Huffman JC, Millstein RA, Mastromauro CA, Moore SV, Celano CM,
Bedoya CA, Suarez L, Boehm JK, Januzzi JL. 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.
99. Huffman JC, Mastromauro CA, Boehm JK, Seabrook R, Fricchione GL,
Denninger JW, Lyubomirsky S. Development of a positive psychology
intervention for patients with acute cardiovascular disease. Heart Int.
2011;6:47–54.
100. Mohammadi N, Aghayousefi A, Nikrahan GR, Adams CN, Alipour A,
Sadeghi M, Roohafza H, Celano CM, Huffman JC. A randomized trial of an optimism training intervention in patients with heart disease.
Gen Hosp Psychiatry. 2017;51:46–53. doi: 10.1016/j.genhosppsych.
2017.12.004.

