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Abstract
Objective: Individuals who are satisfied and experience frequent positive emotions tend to have
reduced risk for coronary heart disease (CHD). However, conflicting evidence exists and little
research has investigated whether well-being is associated with early-warning indicators of
biological risk that precede CHD. We investigated whether life satisfaction and positive
emotions longitudinally predicted reduced risk of incident cardiometabolic conditions and
healthier cardiometabolic risk scores, which may provide insight into underlying mechanisms
and novel prevention targets.
Methods: Initially healthy men and women (N=754-854) reported their baseline life satisfaction
and positive emotions. During follow-up, presence of manifest cardiometabolic conditions was
assessed and a separate cardiometabolic risk score was constructed from eight biomarkers.
Poisson and linear regression analyses tested whether life satisfaction and positive emotions were
associated with reduced incident disease risk and lower cardiometabolic risk scores 8-11 years
later.
Results: Life satisfaction and positive emotions were each prospectively associated with reduced
risk of manifest conditions, controlling for demographics and family history of CHD.
Associations were attenuated for positive emotions after adjusting for depressive symptoms and
for life satisfaction after adjusting for health behaviors. Life satisfaction was associated with
lower cardiometabolic risk scores until adding health behaviors, but positive emotions were not
(regardless of the included covariates).
Conclusion: Well-being, particularly life satisfaction, is associated with reduced risk for incident

cardiometabolic conditions in minimally-adjusted models. However, accounting for underlying
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behavioral pathways attenuates the association. Low levels of life satisfaction (but not positive

emotions) may also provide early warning of cardiometabolic risk prior to disease development.

Keywords: cardiometabolic risk, coronary heart disease, incident cardiometabolic conditions,

life satisfaction, positive emotions, subjective well-being



SUBJECTIVE WELL-BEING AND CARDIOMETABOLIC HEALTH 4

Introduction

Individuals who are satisfied with their lives and who experience frequent positive
emotions—that is, individuals with high levels of subjective well-being [1]—not only feel good,
but may also have reduced risk for developing coronary heart disease (CHD) [2]. In one
prospective study of British civil servants, individuals reporting the highest life satisfaction
levels had a 13% reduced risk of CHD approximately five years later [3]. Similarly, Canadian
men and women who displayed more versus fewer positive emotions had a 22% reduced risk of
incident CHD ten years later [4]. Associations in both studies remained when controlling for
demographics, health behaviors, clinical factors, and negative emotions. However, null findings
exist as well. Results from the above sample of British civil servants indicated that positive
emotions were not related to incident CHD during twelve years of follow-up [5].

Thus, further research is needed to ascertain whether subjective well-being protects
against manifest CHD. Moreover, little prior work has investigated whether life satisfaction and
positive emotions are associated with conditions that precede risk for CHD (e.qg., high blood
pressure). Subjective well-being may buffer against the harmful health consequences of stress
and exert direct influence on bodily systems, or may motivate healthy behavior [2]. If so,
subjective well-being could be associated with cardiometabolic risk factors that appear earlier in
life than manifest disease. Indeed, limited work suggests that life satisfaction and positive
emotions are associated with healthier levels of blood pressure [6], high-density lipoprotein
(HDL) cholesterol [7], glycosylated hemoglobin [8], and C-reactive protein (CRP) [9]. However,
null findings have also been reported [7, 10]. Moreover, prior work used different study designs
(e.q., cross-sectional vs. short-term longitudinal studies) and different methodologies for

assessing biomarkers (e.g., ambulatory vs. laboratory-based assessment). Evidence of an
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association with biological risk factors that precede manifest disease would further support the
importance of links between subjective well-being and reduced risk of adverse cardiovascular
outcomes. In addition, such associations would allow for earlier identification of risk factors and
protective factors—that is, before disease occurs as an early warning system for risk prediction.

The present, longitudinal investigation of middle-aged men and women investigated
whether baseline assessments of life satisfaction and positive emotions were associated first with
incident cardiometabolic conditions and second with a biologically-based cardiometabolic risk
score approximately a decade later. Individuals with higher compared to lower levels of life
satisfaction and positive emotions were hypothesized to be at reduced risk for incident
cardiometabolic conditions and more likely to have lower cardiometabolic risk scores during
follow-up. Cardiometabolic risk was assessed by eight biomarkers that could be potentially
modified at younger ages to alter risk trajectories. Evidence suggests indicators of
cardiometabolic dysregulation cluster together such that combining them yields a measure that
improves prediction of disease risk, which may be particularly useful with relatively healthy or
younger populations [11-13]. The eight biological markers in the risk score were also considered
separately in sensitivity analyses to see if one marker in particular was driving effects with the
overall composite. Individuals with higher baseline life satisfaction and positive emotions were
expected to have healthier levels of each biomarker. Based on prior research [2], covariates were
considered that might either confound (e.g., education, depressive symptoms) or indicate a
potential pathway (e.g., smoking, physical activity) for the associations of interest.

Method

Participants
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Participants included men and women from the Midlife in the United States (MIDUS)
study. The MIDUS study was originally established in 1994-1995 to understand associations
between psychological, social, and behavioral factors in aging individuals. The first phase
comprised 7,108 individuals ages 25-74 who were primarily recruited via random digit dialing.
Other recruitment methods included oversampling certain metropolitan areas and recruiting twin
pairs and siblings of some respondents [14]. The second phase occurred in 2004-2005 and
involved expanded assessments, including biomarkers. The present research included the subset
of participants who completed the biomarker assessment (n=1,255). Participants were eligible for
this assessment if they were healthy enough to travel to a research clinic (at University of
Wisconsin, Georgetown University, or University of California, Los Angeles) and had completed
the psychosocial assessment [15]. Reflecting the requirement that participants travel to the
research clinic and stay overnight, the response rate for the biomarker assessment was relatively
low (43.1%) [15]. However, participants in the biomarker assessment did not differ from
participants in the larger survey based on age, sex, race, marital status, income, chronic
conditions, or body mass index, although they were more highly educated [15].

Analytic samples for the incident cardiometabolic conditions and cardiometabolic risk
analyses were drawn from the 1,255 participants with biomarker data. Those newly recruited at
the second phase of MIDUS who did not have baseline measures of subjective well-being were
excluded (n=201). To limit potential concerns about reverse causality, participants who reported
chronic cardiometabolic conditions (heart problems, hypertension, diabetes, stroke, high
cholesterol, or medication use for these conditions), or who had missing values on these
conditions during the first phase (n=280) were excluded from the incident cardiometabolic

conditions analyses. In addition, 20 participants with missing data on subjective well-being,



SUBJECTIVE WELL-BEING AND CARDIOMETABOLIC HEALTH

incident disease, or covariates were excluded, yielding 754 individuals in these analyses (187 of
whom had a sibling or twin). For the cardiometabolic risk analyses, 140 participants were
excluded due to baseline heart problems or stroke, using related medications, or missing data.
We did not exclude participants with related cardiometabolic conditions or medication use at
baseline (i.e., hypertension, diabetes, or high cholesterol) because this would essentially
duplicate the incident analyses and would lead to a more restrictive sample that does not reflect
the high prevalence of such conditions among U.S. adults [16]. In addition, participants with
extreme levels of triglycerides (>2000 mg/dL), glycosylated hemoglobin (>15%), or CRP (>10
ug/mL) at follow-up were excluded from risk analyses (n=39), as such levels may indicate
outliers, incorrect values, or an active infection [17]. Finally, participants with missing data on
subjective well-being, biomarkers of cardiometabolic risk, or covariates were excluded (n=21),
yielding 854 individuals in the risk analyses (217 of whom had a sibling or twin). Supplemental
Figure S1 describes how the analytic samples were obtained. Where possible, missing values on
baseline demographics were imputed with values from the second phase.

Participants in the most inclusive analytic sample (N=854) were more likely to be white,
were more highly educated, and had higher household incomes relative to participants not
included. All individuals provided informed consent to participate and Institutional Review
Boards at participating institutions approved the research.

Measures

Subjective well-being. Two components of subjective well-being were assessed at

baseline: life satisfaction and positive emotions. Life satisfaction and positive emotions are

related (r=.56 in this sample), but are considered distinct with the former reflecting a cognitive
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evaluation and the latter reflecting an affective evaluation [1]. Recommendations to investigate
them separately were followed [1].

Life satisfaction was assessed with a single item that asked participants to rate their
overall life satisfaction on an 11-point scale ranging from 0 (worst possible) to 10 (best possible)
[18] that has been used in previous MIDUS work [19]. In this study, mean life satisfaction was
7.94 (SD=1.40; range=0.00-10.00). Other research demonstrates that single-item measures of life
satisfaction show validity equivalent to longer measures [20]. However, to ensure that life
satisfaction findings were robust, sensitivity analyses also used a four item composite of life
satisfaction that asked participants to rate their satisfaction relative to their work, relationship
with their spouse/partner, relationship with their children, and life overall (a=.66) [21]. Similar
composites that average domain life satisfaction ratings are strongly correlated with global
assessments of life satisfaction [22].

Positive emotions were assessed with six items that asked “During the past 30 days, how
much of the time did you feel...” The six feelings included cheerful, in good spirits, extremely
happy, calm and peaceful, satisfied, and full of life. Items were derived from validated measures
of emotion and used a time frame of 30 days to be sensitive to both situational and personality-
based factors [23]. Responses ranged from 1 (all of the time) to 5 (none of the time). Items were
reverse-scored and then averaged for an overall score of positive emotions. Higher scores
reflected more positive emotions. Mean positive emotion levels were 3.45 (SD=0.66;
range=1.33-5.00) and internal consistency reliability was excellent (0=.89).

Prior MIDUS research shows that subjective well-being is related to higher
socioeconomic status, more future planning, better sleep quality, and fewer physical disorders

[21, 24-26]. Life satisfaction and positive emotions can be conceptualized as persistent
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characteristics that may have cumulative effects on health due to their relative stability over time
[27]. For example, the correlation between baseline and follow-up scores (up to 11 years later)
for life satisfaction and positive emotion here were .39 and .48, respectively.

Incident cardiometabolic conditions. Status regarding cardiometabolic conditions, self-
reported by participants at both phases, was indicated by the presence or absence of heart
problems (including heart attack or heart failure; Ncases=72, 9.55%), hypertension (Ncases=197,
26.13%), diabetes (Ncases=48, 6.37%), stroke (Ncases=19, 2.52%), high cholesterol (N¢ases=294,
39.25%), or medication use for these conditions. Participants were classified as having a
cardiometabolic condition if they reported at least one. Prior research has suggested that such
self-reported health measures are valid and reliable [28].

Cardiometabolic risk score. Unlike other risk scores that include non-modifiable factors
such as gender (e.g., the Framingham risk score), cardiometabolic risk was assessed with a set of
biomarkers that are not susceptible to self-report bias; they are also potentially modifiable via
improved health behaviors (e.g., exercising). Prior work has demonstrated that these scores
predict general cardiovascular risk and have the potential to provide researchers and clinicians
with tools for evaluating interim risk, which can facilitate primary prevention [12]. Following
previous research [29-31], a cardiometabolic risk score was constructed from eight biomarkers
assessed at the second phase: systolic blood pressure (SBP), diastolic blood pressure (DBP),
triglycerides, HDL cholesterol, low-density lipoprotein (LDL) cholesterol, glycosylated
hemoglobin, waist circumference, and CRP. SBP and DBP were each assessed three times, with
the two most similar readings averaged together; other biomarkers were each assessed once. To
maintain as much information as possible [32] and in accordance with past research [33], each

biomarker was standardized (M=0, SD=1) and the eight standardized biomarkers were summed
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into an overall cardiometabolic risk score wherein higher scores indicated greater
cardiometabolic dysregulation (HDL cholesterol was reverse scored prior to summing as higher
levels indicate better health). The overall cardiometabolic risk score was standardized (M=0,
SD=1; range =-2.43-3.73) for ease of interpretation.

Covariates. Covariates included confounders or potential mediators of the associations
of interest. Self-reported covariates assessed at baseline included demographics, family history
of CHD, health behaviors, and depressive symptoms. Demographics included age (years), gender
(men, women), race (white, black and/or African American, other), marital status (married,
separated/divorced, widowed, never married), education (less than high school, high school
degree, some college, 4-year college degree or higher), and household income (U.S. dollars).
Households with incomes greater than $300,000 were converted to a maximum value of
$300,000 to minimize risk of deductive disclosure. Other confounders included family history of
CHD (number of biological relatives who have ever had a heart attack) and, in cardiometabolic
risk score analyses, medications used to manage high blood pressure, high cholesterol, or
diabetes (yes/no). Medication use was self-reported during the follow-up assessment. Depressive
symptoms were assessed with a screening question from the World Mental Health
Organization’s Composite International Diagnostic Interview Short Form: “During the past 12
months, was there ever a time when you felt sad, blue, or depressed for two weeks or more in a
row?” [yes/no; 34]. This measure was developed for use in situations with limited assessment
time, and is consistent with more lengthy diagnostic interviews [34]. Health behaviors,
considered as potential mediators of the association between subjective well-being and
cardiometabolic health [35], included smoking status (current smoker, past smoker, never

smoker), alcohol consumption (no alcohol consumption, <3 drinks/week, >3 drinks/week),
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frequency of vigorous physical activity that is “long enough to work up a sweat” (e.g., running;
number of times/month), and frequency of moderate physical activity (e.g., bowling; number of
times/month).
Statistical Analyses

Statistical analyses were performed in SAS 9.3. Following preliminary descriptive
analysis, subjective well-being’s associations with incident cardiometabolic conditions and the
cardiometabolic risk score were examined separately for life satisfaction and positive emotions.
Poisson regression analyses were used with the dichotomous cardiometabolic conditions
outcome because it was reasonably common [36], while linear regression analyses were used
with the continuous cardiometabolic risk score outcome. In both cases, the first model adjusted
for age. The second model controlled for demographics (age, gender, race, marital status,
education, and household income) and family history of CHD. For the cardiometabolic risk
score, the second model also adjusted for relevant medication use. The third model additionally
adjusted for depressive symptoms. The fourth, fully-adjusted model further adjusted for potential
mediating factors related to health behaviors (smoking status, alcohol consumption, vigorous
physical activity, and moderate physical activity). For the linear regression models with the
cardiometabolic risk score, effect size estimates of Cohen’s f* were calculated [37]; f statistics of
.02, .15, and .35 are considered small, medium, and large, respectively [38]. Sensitivity analyses
repeated the Poisson and linear regression models with the four-item composite of domain life
satisfaction. Secondary analyses regressed each of the eight individual cardiometabolic
biomarkers (standardized) on life satisfaction and positive emotions separately in linear
regression models adjusting for demographics and relevant medication use. Due to the inclusion

of siblings and twins in the sample, Poisson and linear regression analyses were repeated using
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generalized estimating equations (proc GENMOD with family in the repeated statement) to
account for clustering of the data [39-41].
Results

Preliminary analyses

Participant characteristics for the 854 participants are shown in Table 1. Notably,
approximately one quarter of participants reported having depressive symptoms. This is
congruent with national estimates of lifetime depression [42], suggesting that the single item
provided adequate assessment. Participant characteristics according to low, moderate, and high
levels of life satisfaction (derived from sample-based tertiles) are shown in Supplemental Table
S1. Similar patterns were evident for positive emotions (Supplemental Table S2) and when using
the sample for incident analyses (N=754; data not shown).
Subjective well-being and incident cardiometabolic conditions

Of the 754 participants without cardiometabolic conditions at baseline, 413 (54.77%)
developed at least one incident condition over the follow-up period. Consistent with our
hypotheses, higher baseline life satisfaction and positive emotions were associated with a 7%
reduced risk of incident cardiometabolic conditions after adjusting for age (Tables 2-3). The
pattern of associations was similar across the two indicators of subjective well-being, but the
magnitude of effect was more robust with life satisfaction. For example, life satisfaction’s
protective association remained statistically significant when demographics, family history of
CHD, and depressive symptoms were added to the model. Adding health behaviors as potential
mediators attenuated life satisfaction’s association with cardiometabolic conditions such that the

association was no longer statistically significant. Positive emotion’s association with
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cardiometabolic conditions was no longer statistically significant when depressive symptoms (or
health behaviors) were added to the model.
Subjective well-being and the cardiometabolic risk score

As expected, higher baseline life satisfaction was also associated with lower
cardiometabolic risk scores assessed 8-11 years later (M=9.07 years; Table 4). This association
was statistically significant until health behaviors were added to the model. Of note, adding
depressive symptoms did not alter life satisfaction’s association with lower cardiometabolic risk,
suggesting that the absence of depression is not equivalent to the presence of subjective well-
being. Positive emotions were not significantly associated with the cardiometabolic risk score
(Table 5).

Additional Analyses

Primary analyses (i.e., Poisson and linear regression models) were repeated for the four-
item composite of domain life satisfaction. As shown in Supplemental Tables S3-S4, results for
incident cardiometabolic conditions were identical and results for the cardiometabolic risk score
were very similar when comparing findings for domain life satisfaction and the single item of
overall life satisfaction.

The eight cardiometabolic biomarkers were separately examined in relationship to
subjective well-being in regression models adjusting for demographics and relevant medication
use (Supplemental Table S5). Greater life satisfaction and positive emotions were each
significantly associated with lower levels of triglycerides. Greater life satisfaction was also
associated with smaller waist circumference and positive emotions were associated with lower
levels of LDL cholesterol. However, analyses do not suggest that any single biomarker is driving

findings with the overall cardiometabolic risk score.
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All analyses were repeated with generalized estimating equations to account for
clustering within the data (i.e., twin and sibling pairs). These results were nearly identical to the
findings described previously, suggesting that clustering did not bias estimates. Given the
similarity of these findings with those of the Poisson and linear regression analyses, as well as
the ease of interpretation with the latter, results from the generalized estimating equations are
shown in Supplemental Tables S6-S7.

Discussion

This study examined whether subjective well-being is linked with reduced risk of
incident cardiometabolic conditions and lower cardiometabolic risk scores 8-11 years later.
Consistent with past research [3, 4], findings indicated that higher levels of life satisfaction and
positive emotions were associated with reduced risk of developing manifest cardiometabolic
conditions, controlling for demographics and family history of CHD. Life satisfaction’s
association with incident conditions was maintained after controlling for depressive symptoms,
suggesting that life satisfaction’s effects are independent of emotional distress. However,
positive affect’s association with incident conditions was no longer statistically significant when
accounting for depressive symptoms, which may suggest that positive emotions and depressive
symptoms are more closely related. Moreover, adding health behaviors—which potentially lie on
the pathway between subjective well-being and incident cardiometabolic conditions—attenuated
life satisfaction’s association.

Subjective well-being’s association with early-warning markers of cardiometabolic
risk—as defined by eight non-self-reported cardiometabolic biomarkers—was consistent with
predictions for life satisfaction but not positive emotions. Specifically, life satisfaction was

significantly associated with lower cardiometabolic risk scores controlling for demographics,
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family history of CHD, relevant medication use, and depressive symptoms, but not potential
behavioral pathways. Positive emotions were not significantly associated with cardiometabolic
risk in any model. When examining each individual biomarker of cardiometabolic risk, both life
satisfaction and positive emotions showed statistically significant inverse associations with
triglycerides; life satisfaction was also related to smaller waist circumference and positive
emotions were related to lower triglycerides. Associations with other biomarkers did not reach
statistical significance.

The presence of even one cardiometabolic risk factor in middle age dramatically
increases risk of cardiovascular death [43]. However, one issue often considered with composite
measures like the risk score is whether findings are driven primarily by a single biomarker, or if
the whole is greater than the sum of its parts. Most research suggests findings can rarely be
attributed to a single biomarker. For example, contextual factors within one’s neighborhood were
associated with a composite of cardiometabolic markers more strongly than individual
biomarkers [30]. In the current study, we also saw the most consistent associations with the total
cardiometabolic risk score. Summary measures are informative because they predict long-term
disease risk via early-warning indicators across multiple systems. Our findings suggest that life
satisfaction in particular is associated with lower cardiometabolic risk and the subsequent
likelihood of developing CHD.

Our results add to the growing literature indicating that positive psychological states are
associated with better cardiometabolic health, often independently of poor psychological
functioning [2]. These findings are consistent with a cross-sectional investigation from the
MIDUS study that examined baseline associations between mental health and cardiovascular

disease (assessed similarly to cardiometabolic conditions in the current study) [44]. Why might
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well-being and cardiometabolic health be linked? A mediating behavioral pathway is an oft-cited
explanation [2, 45]. That is, greater well-being is thought to lead to healthier behaviors, which in
turn promote health. Although direct tests of this hypothesis were not possible given available
data, findings suggest that health behaviors may play a role, at least for life satisfaction.
However, depressive symptoms attenuated positive emotion’s association with cardiometabolic
conditions before health behaviors were even considered. Thus, while behaviors such as exercise
may be relevant in well-being’s associations with health, other mediating factors—such as social
support [45], sleep, or direct biological effects [2]—should also be evaluated.

Several limitations apply to the current research. Findings are generalizable only to
mostly white U.S. middle-aged, primarily middle class, men and women. Findings are
correlational and it is possible that the association between subjective well-being and
cardiometabolic health is an artifact of unmeasured confounders such as genetic factors.
However, few studies to date have identified genes or polymorphic gene scores that underlie
phenotypic measures of well-being. It is also possible that the single item measure of life
satisfaction may be unreliable and bias findings toward the null, although findings were nearly
identical with a four-item composite of domain life satisfaction and other work demonstrates that
single items are as valid as longer measures [20]. Moreover, positive emotions were assessed
with regard to the previous 30 days, which could make them susceptible to contextual effects;
however, the high correlation of positive emotions measured up to 11 years apart suggests a
relatively persistent experience. In addition, self-reported health status could be subject to bias,
although prior work suggests that self-report of medical conditions is reliable insofar as the
conditions have become manifest [46]. Self-reported health status may not capture the presence

of subclinical disease at baseline, however. Thus, future work should include baseline and



SUBJECTIVE WELL-BEING AND CARDIOMETABOLIC HEALTH 17

repeated assessments of cardiometabolic biomarkers. Although similar versions of the
cardiometabolic risk score have been validated [12], the exact cardiometabolic risk score used
here has not been validated against hard health outcomes. Moreover, having time-to-event data
for cardiometabolic conditions would have allowed us to conduct survival analyses rather than
less powerful Poisson regression analyses. Finally, the associations of interest are relatively
small (e.g., greater subjective well-being was associated with 4-7% reduced risk of incident
cardiometabolic conditions). However, even small associations can have an impact at the
population level [47], especially if effects accumulate across time [48, 49], which subjective
well-being and cardiometabolic risk could be expected to do.

These limitations are balanced by a longitudinal design that included only participants
known to be initially free from heart problems or stroke, which reduces concerns about reverse
causality. Moreover, incident analyses further excluded individuals with other cardiometabolic
conditions (e.g., diabetes) and risk score analyses controlled for relevant medications. The
approximate decade-long follow-up during early and middle adulthood not only provided a
lengthy period in which to detect changes in cardiometabolic health, but also focused on an
important point in life when risk factors begin to accumulate [50, 51] and when early warning
may be particularly valuable. Other strengths include consideration of possible confounders and
underlying pathways. Subjective well-being was assessed with measures reflecting both its
cognitive and affective components. Past work has more frequently investigated positive
emotions in relation to health [52], so the current study further contributes to findings regarding
life satisfaction. Additionally, by combining across multiple biomarkers, the cardiometabolic risk
score may serve as an “early warning system” for likelihood of future disease [53]. The findings

with the cardiometabolic risk score, which is comprised of modifiable factors, raise an important
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question for future work: namely, whether improving life satisfaction would reduce
cardiometabolic risk downstream.

In sum, this longitudinal study investigated subjective well-being in relation to incident
cardiometabolic conditions and early cardiometabolic risk. Life satisfaction was consistently
associated with incident cardiometabolic conditions and biological deterioration constituting risk
for development of manifest disease; this association may be partly accounted for by health-
related behaviors. Positive emotions were also associated with incident conditions in minimally-
adjusted models, but not with biological deterioration. This weaker finding for positive emotions
is consistent with null findings that have been previously reported [5], and suggests that different
types of well-being may have differential associations with cardiometabolic health, perhaps
depending on how closely linked they are to distress [2]. In particular, life satisfaction could be
considered a health asset. More broadly, identifying health assets may be an important future
direction, thereby providing novel targets for prevention and intervention. Taken together,
findings suggest one possible protective factor or health asset—namely, life satisfaction—that
may foreshadow who will eventually experience cardiometabolic risk and cardiometabolic

conditions.
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Table 1

Distribution of participant characteristics (N = 854)

Mean life satisfaction (SD) 7.94 (1.40)
Mean positive affect (SD) 3.45 (0.66)
Mean age (SD), years 45.68 (11.56)
Sex
Male 46.02%
Female 53.98%
Race
White 94.03%
Black 2.69%
Other 3.28%
Marital status
Married 72.60%
Separated or divorced 13.00%
Widowed 2.58%
Never married 11.83%
Education
Less than high school 2.81%
High school degree 22.95%
Some college 27.75%
4-year college degree or higher 46.49%
Mean household income (SD), US dollars 83,199 (61,275)
Mean number of biological family members who have had a
0.47 (0.74)
heart attack, (SD)
Medication use for high blood pressure
Yes 32.32%
No 67.68%

Medication use for high cholesterol
Yes 27.75%
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No
Medication use for diabetes

Yes

No
Depressive symptoms

Yes

No
Mean vigorous physical activity (SD), occasions per month
Mean moderate physical activity (SD), occasions per month
Smoking status

Current smoker

Past smoker

Never smoker
Alcohol intake

Never drinker

Light or moderate drinker

Heavy drinker
Mean systolic blood pressure (SD), mmHg
Mean diastolic blood pressure (SD), mmHg
Mean triglycerides (SD), mg/dL
Mean high-density lipoprotein cholesterol (SD), mg/dL
Mean low-density lipoprotein cholesterol (SD), mg/dL
Mean glycosylated hemoglobin (SD), %
Mean waist circumference (SD), cm

Mean C-reactive protein (SD), pg/mL

27

72.25%

7.38%
92.62%

24.82%
75.18%
6.68 (5.14)
9.94 (4.44)

14.75%
29.39%
55.85%

5.74%
55.62%
38.64%

130.44 (17.36)

75.13 (10.24)
129.23 (80.25)
55.09 (17.39)
107.50 (34.42)
5.95 (0.81)
96.30 (16.52)
2.13 (2.15)
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Table 2

28

Prevalence ratios (95% confidence intervals) for the association between one standard deviation increase in life satisfaction and risk

of incident cardiometabolic conditions across 9 years of follow-up (N = 754)*

Model 2°

Model 3°

Model 4°

Life satisfaction (standardized)

Age at baseline

Female (vs. male)

Black (vs. white)

Other race (vs. white)

Separated or divorced (vs. married)
Widowed (vs. married)

Never married (vs. married)

High school degree (vs. < high school)
Some college (vs. < high school)
4-year college degree or higher (vs. < high school)
Household income

Biological family members with heart attack history
Depressive symptoms

Vigorous physical activity

Moderate physical activity

Past smoker (vs. never smoker)

0.93" (0.88, 0.99)
1.027 (1.02, 1.03)

0.93" (0.88, 0.99)
1.02"7 (1.01, 1.03)

1.05 (0.92, 1.19)
1.337(0.96, 1.83)
1.07 (0.78, 1.48)
0.97 (0.80, 1.17)
0.88 (0.62, 1.24)
0.91 (0.71, 1.18)
0.92 (0.65, 1.28)
0.91 (0.65, 1.27)
0.89 (0.64, 1.23)
1.00 (1.00, 1.00)

1.1377 (1.06, 1.21)

0.93" (0.88, 0.99)

1.027 (1.01, 1.03)

1.05 (0.92, 1.19)
1.327(0.96, 1.83)
1.07 (0.77, 1.47)
0.97 (0.79, 1.17)
0.88 (0.62, 1.24)
0.92 (0.71, 1.19)
0.92 (0.66, 1.29)
0.91 (0.65, 1.27)
0.89 (0.64, 1.24)
1.00 (1.00, 1.00)

1.1377 (1.06, 1.21)

1.03 (0.87, 1.20)

0.95" (0.89, 1.01)
1.0277 (1.01, 1.02)
1.04 (0.90, 1.19)
1.29 (0.93, 1.80)
1.07 (0.77, 1.48)
0.96 (0.79, 1.17)
0.90 (0.62, 1.31)
0.92 (0.71, 1.18)
0.94 (0.67, 1.32)
0.93 (0.67, 1.31)
0.93 (0.67, 1.30)
1.00 (1.00, 1.00)
1.1277 (1.05, 1.19)
1.02 (0.86, 1.19)
0.98 (0.97, 0.99)
1.00 (0.98, 1.01)
1.15" (1.00, 1.33)
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Current smoker (vs. never smoker) 1.14 (0.94, 1.37)
Light or moderate drinker (vs. never drinker) 1.06 (0.80, 1.41)
Heavy drinker (vs. never drinker) 1.10 (0.81, 1.49)

% 413 cases of incident cardiometabolic conditions

® Adjusted for age

¢ Adjusted for demographics (age, gender, race, marital status, education, and household income) and family history of heart disease
¢ Adjusted for demographics, family history of heart disease, and depressive symptoms

¢ Adjusted for demographics, family history of heart disease, depressive symptoms, and health behaviors (smoking status, alcohol
consumption, vigorous physical activity, and moderate physical activity)

“p<.10, p<.05 p<.0l,” p<.001
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Table 3
Prevalence ratios (95% confidence intervals) for the association between one standard deviation increase in positive emotions and
risk of incident cardiometabolic conditions across 9 years of follow-up (N = 754)*

Model 2° Model 3° Model 4°

Positive emotions (standardized)

Age at baseline

Female (vs. male)

Black (vs. white)

Other race (vs. white)

Separated or divorced (vs. married)
Widowed (vs. married)

Never married (vs. married)

High school degree (vs. < high school)
Some college (vs. < high school)
4-year college degree or higher (vs. < high school)
Household income

Biological family members with heart attack history
Depressive symptoms

Vigorous physical activity

Moderate physical activity

Past smoker (vs. never smoker)

0.93" (0.87, 0.99)
1.027 (1.02, 1.03)

0.94” (0.88, 1.00)

1.02"7 (1.01, 1.03)

1.05 (0.92, 1.19)
1.337(0.97, 1.82)
1.08 (0.78, 1.50)
1.00 (0.83, 1.21)
0.89 (0.63, 1.28)
0.93 (0.72, 1.21)
0.95 (0.69, 1.31)
0.96 (0.70, 1.32)
0.93 (0.68, 1.27)
1.00 (1.00, 1.00)

1.1377 (1.06, 1.21)

0.94" (0.88, 1.01)

1.02"7 (1.01, 1.03)

1.04 (0.92, 1.19)
1.337(0.97, 1.82)
1.08 (0.7, 1.49)
1.00 (0.82, 1.21)
0.89 (0.62, 1.28)
0.93 (0.72, 1.21)
0.95 (0.69, 1.32)
0.96 (0.70, 1.32)
0.93 (0.68, 1.27)
1.00 (1.00, 1.00)

1.1377 (1.06, 1.20)

1.03 (0.87, 1.21)

0.96 (0.89, 1.03)
1.0277 (1.01, 1.02)
1.03 (0.90, 1.19)
1.30 (0.94, 1.79)
1.08 (0.78, 1.49)
0.98 (0.81, 1.20)
0.93 (0.63, 1.34)
0.91 (0.72, 1.20)
0.97 (0.70, 1.34)
0.98 (0.71, 1.35)
0.96 (0.70, 1.32)
1.00 (1.00, 1.00)
1.1277 (1.05, 1.19)
1.02 (0.87, 1.20)
0.98™ (0.97, 0.99)
0.10 (0.98, 1.01)
1.157 (0.99, 1.33)
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Current smoker (vs. never smoker) 1.13 (0.94, 1.37)
Light or moderate drinker (vs. never drinker) 1.07 (0.80, 1.43)
Heavy drinker (vs. never drinker) 1.11 (0.82, 1.50)

% 413 cases of incident cardiometabolic conditions

® Adjusted for age

¢ Adjusted for demographics (age, gender, race, marital status, education, and household income) and family history of heart disease
¢ Adjusted for demographics, family history of heart disease, and depressive symptoms

¢ Adjusted for demographics, family history of heart disease, depressive symptoms, and health behaviors (smoking status, alcohol
consumption, vigorous physical activity, and moderate physical activity)

“p<.10, p<.05 p<.0l,” p<.001
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Table 4

Parameter estimates (standard error) for the association between one standard deviation increase in life satisfaction and the

standardized cardiometabolic risk score (N = 854)

Model 1° Model 2° Model 3° Model 4°
Life satisfaction (standardized) -0.07" (0.03) -0.07” (0.03) -0.07” (0.03) -0.06” (0.03)
Age at baseline 0.008" (0.003) 0.002 (0.003) 0.002 (0.003) 0.002 (0.003)
Female (vs. male) -0.68"" (0.06) -0.6977 (0.07) -0.7177 (0.07)
Black (vs. white) -0.02 (0.19) -0.02 (0.19) -0.02 (0.20)
Other race (vs. white) 0.16 (0.17) 0.15 (0.18) 0.15 (0.18)
Separated or divorced (vs. married) 0.07 (0.10) 0.07 (0.10) 0.05 (0.10)
Widowed (vs. married) 0.05 (0.21) 0.05 (0.21) 0.09 (0.21)
Never married (vs. married) 0.08 (0.11) 0.08 (0.11) 0.07 (0.11)
High school degree (vs. < high school) -0.19 (0.20) -0.18 (0.20) -0.17 (0.20)
Some college (vs. < high school) -0.34" (0.20) -0.337(0.20) -0.31 (0.20)
4-year college degree or higher (vs. < high school) -0.517 (0.20) -0.50™ (0.20) -0.47" (0.20)
Household income -8.57E-7 (5.56E-7) -8.38E-7 (5.57E-7) -7.82E-7 (5.59E-7)
Family history of heart disease 0.10" (0.04) 0.09” (0.04) 0.09” (0.04)
Medication use for high blood pressure 0.287 (0.08) 0.287 (0.08) 0.27" (0.08)
Medication use for high cholesterol -0.18" (0.08) -0.18" (0.08) -0.18" (0.08)
Medication use for diabetes 0.6977(0.12) 0.6977(0.12) 0.6477(0.12)
Depressive symptoms 0.04 (0.08) 0.04 (0.08)
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Vigorous physical activity -0.01" (0.01)
Moderate physical activity -0.001 (0.008)
Past smoker (vs. never smoker) -0.05 (0.07)
Current smoker (vs. never smoker) 0.10 (0.10)
Light or moderate drinker (vs. never drinker) 0.14 (0.14)
Heavy drinker (vs. never drinker) 0.11 (0.15)
Effect size () 0.02 0.25 0.25 0.26
% Adjusted for age

® Adjusted for demographics (age, gender, race, marital status, education, and household income), family history of heart disease, and
medication use for high blood pressure, high cholesterol, or diabetes

¢ Adjusted for demographics, family history of heart disease, medication use, and depressive symptoms

¢ Adjusted for demographics, family history of heart disease, medication use, depressive symptoms, and health behaviors (smoking
status, alcohol consumption, vigorous physical activity, and moderate physical activity)

“p<.10, p<.05 p<.0l,” p<.00l
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Table 5
Parameter estimates (standard error) for the association between one standard deviation
increase in positive emotions and the standardized cardiometabolic risk score (N = 854)
Model 1° Model 2° Model 3° Model 4°
- ) ) -0.05 ~ -0.04
Positive emotions (standardized) -0.05" (0.03) ~ -0.05 (0.03)
(0.03) (0.03)
_ 0.01 0.002 0.002 0.002
Age at baseline
(0.003) (0.003) (0.003) (0.003)
-0.68" -0.697 0717
Female (vs. male)
(0.06) (0.07) (0.07)
) -0.01 -0.02 -0.02
Black (vs. white)
(0.20) (0.20) (0.20)
) 0.17 0.15 0.15
Other race (vs. white)
(0.18) (0.18) (0.18)
Separated or divorced (vs.
] 0.11 (0.10) 0.10 (0.10) 0.08 (0.10)
married)
Widowed (vs. married) 0.08 (0.21) 0.07 (0.21) 0.10 (0.21)
Never married (vs. married) 0.09 (0.11) 0.10 (0.11) 0.09 (0.11)
High school degree (vs. < high -0.16 -0.15 -0.14
school) (0.20) (0.20) (0.20)
_ -0.29 -0.28 -0.27
Some college (vs. < high school)
(0.20) (0.20) (0.20)
4-year college degree or higher (vs. < high -0.47 -0.46" -0.43
school) (0.20) (0.20) (0.20)
) -8.98E-7 -8.73E-7 -8.17E-7
Household income
(5.56E-7) (5.58E-7) (5.59E-7)
o _ . 0.09” 0.09
Family history of heart disease 0.09 (0.04)
(0.04) (0.04)
Medication use for high blood 027" 0.28"" 027"
pressure (0.08) (0.08) (0.08)
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Medication use for high -0.18" -0.18"

-0.187 (0.08)
cholesterol (0.08) (0.08)

Medication use for diabetes - o -
0.70 (0.12) 0.70 (0.12) 0.65 (0.12)

Depressive symptoms 0.05 (0.08) 0.05 (0.08)
Vigorous physical activity -0.01" (0.01)
Moderate physical activit 0.002
oderate physical activi
P Y (0.01)
Past smoker (vs. never smoker) -0.05 (0.07)
Current smoker (vs. never
0.10 (0.10)
smoker)
Light or moderate drinker (vs.
_ 0.15(0.14)
never drinker)
Heavy drinker (vs. never drinker) 0.12 (0.15)
Effect size () 0.01 0.24 0.24 0.25

# Adjusted for age

b Adjusted for demographics (age, gender, race, marital status, education, and household
income), family history of heart disease, and medication use for high blood pressure, high
cholesterol, or diabetes

¢ Adjusted for demographics, family history of heart disease, medication use, and depressive
symptoms

d Adjusted for demographics, family history of heart disease, medication use, depressive
symptoms, and health behaviors (smoking status, alcohol consumption, vigorous physical
activity, and moderate physical activity)

“p<.10, p<.05 " p<.01, p<.001
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Highlights:
e Associations between subjective well-being and cardiometabolic health were examined
e Subjective well-being was related to lower risk of incident cardiometabolic disease
e Life satisfaction was related to lower biological-based cardiometabolic risk scores

e Life satisfaction protects against manifest disease and biological deterioration
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