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ARTICLE INFO ABSTRACT

Previous studies have linked cardiovascular health (CVH) and health-related quality of life (HRQoL), but only in
cross-sectional analyses where temporality cannot be established. The aim of this study was to determine tra-
jectories of CVH from early adulthood to middle age, and examine their association with HRQoL in middle age.
This analysis, conducted in 2018, included 3275 participants of the Coronary Artery Risk Development in Young
Adults (CARDIA) study who completed a year 30 follow-up exam in 2015/2016. Group-based trajectory mod-
eling was used to create CVH trajectories, according to American Heart Association definitions, from baseline
through follow-up year 20. HRQoL was assessed by the Medical Outcomes Study 12-Item Short Form Health
Survey at year 30, which included the physical component summary score (PCS), the mental component sum-
mary score (MCS), and overall self-rated health (SRH). The mean (SD) age of the sample was 55.1 (3.6) years,
1868 (57%) were women, and 1541 (47%) were black. Five CVH trajectories were identified, 31% of CARDIA
participants maintained ideal CVH during follow-up. Maintaining ideal CVH was associated with higher PCS and
MCS, and lower odds of fair/poor SRH as compared to the other trajectory groups. Compared to the consistently
low CVH group, those who maintained ideal CVH had on average a 5.9 point higher PCS (95% CI, 4.2-7.7), a
2.5-point higher MCS (95% CI, 0.5-4.4), and 84% lower odds of fair/poor SRH (95% CI, 0.09, 0.31). Our
findings suggest that maintaining ideal CVH from early adulthood results in higher health-related quality of life
in middle age.
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1. Introduction

The American Heart Association's 2020 Strategic Impact Goals in-
troduced the concept of ideal cardiovascular health (CVH), defined as
meeting optimal levels of seven modifiable behaviors and factors
(known as Life's Simple 7) (Lloyd-Jones et al., 2010). Ideal CVH has
been associated with clinical health outcomes, including incident car-
diovascular disease (CVD) (Folsom et al., 2011; Dong et al., 2012) and
all-cause and cardiovascular-specific mortality (Ford et al., 2012; Yang
et al.,, 2012). In longitudinal studies of CVH, levels typically decline
across the life course, but those who maintain CVH over time have
better health outcomes, including lower CVD risk (Liu et al., 2012).

Health-related quality of life (HRQoL) is a measure of perceived
physical and mental functioning that may be an early marker of

preclinical disease (Jylha, 2009; Barger et al., 2016). HRQoL is con-
sidered both a risk factor for and consequence of low levels of CVH
(Rumsfeld et al., 2013), and cross-sectional studies have demonstrated
associations between CVH metrics and different components of HRQoL,
including overall self-rated health, physical and mental functioning,
and number of “unhealthy” days over the past month (Osibogun et al.,
2018; Daviglus et al., 2003; Allen et al., 2015; Odom et al., 2016;
Manczuk et al., 2017; Ogunmoroti et al., 2017; Veromaa et al., 2017).
However, these associations have been shown solely in cross-sectional
studies, which cannot establish whether low HRQoL is a cause or
consequence of low CVH.

In this study, we use repeated measures of the Life's Simple 7 be-
haviors and factors over a 20-year period to determine trajectories of
CVH from early adulthood to middle age among participants of the
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Coronary Artery Risk Development in Young Adults (CARDIA) study.
We then examine the association between CVH trajectories and HRQoL
as measured in middle age.

2. Methods
2.1. Study population

The Coronary Artery Risk Development in Young Adults (CARDIA)
study is a longitudinal, community-based study of adults recruited from
four metropolitan regions — Birmingham, AL, Chicago, IL, Minneapolis,
MN, and Oakland, CA - during early adulthood (ages 18-30 years) in
1985/1986 (N = 5115) (Friedman et al., 1988). CARDIA recruitment
was intended to be balanced on age, sex, race, geography, and socio-
economic status. CARDIA participants provided written informed con-
sent at each exam with approval from institutional review boards at
each study site. We included 3275 participants who completed a year
30 (2015/2016) follow-up exam. These analyses were conducted in
2018 using data provided by the CARDIA coordinating center.

2.2. Measures

Ideal CVH is comprised of seven factors and behaviors — blood
pressure, cholesterol, glucose, body mass index, physical activity,
smoking, and diet quality (Lloyd-Jones et al., 2010). We included data
from baseline and follow-up years 7 (1992/1993) and 20 (2005/2006),
because all seven CVH components were collected using standard
protocols at these particular exams. Blood pressure was measured in
triplicate after 5min of quiet rest, and the average of the last two
measurements were used. Total cholesterol and glucose were measured
from venipuncture blood draws taken after at least 8 h of fasting. Body
mass index was calculated as weight in kilograms divided by the square
of height in meters using anthropometric measures collected by trained
study personnel. Medication status for hypertension, high cholesterol,
and diabetes was self-reported, as was smoking status. A validated
physical activity questionnaire was used to ascertain amount of time
per week spent engaging in 13 categories of activity over the past
12 months, which was then summarized to standardized units of total
activity that account for intensity and duration (Jacobs et al., 1989).
Average daily dietary intake of food groups and specific nutrients was
computed from an interviewer-administered diet history covering the
past 28 days using a validated instrument (McDonald et al., 1991).

Each of the seven factors and behaviors was categorized as ideal (2
points), intermediate (1 point), or poor (0 points). The values that
constitute ideal, intermediate, and poor for each measure are shown in
Appendix Table 1. The total points received across each of the measures
was summed to create a composite score of CVH (range 0-14) at
baseline and follow-up years 7 (1992/1993) and 20 (2005/2006). The
total CVH score was used in the group-based trajectory models.

HRQoL was measured via the Medical Outcomes Study 12-Item
Short Form Health Survey (SF-12), which contains the Physical
Component Summary (PCS) score and Mental Component Summary
(MCS) score (Ware Jr. et al., 1996). The PCS covers quality of life re-
lated to physical functioning, pain, and ability to perform daily activ-
ities. The MCS covers quality of life related to social functioning,
emotional status, and vitality. Both the PCS and MCS have standardized
summary scores with a mean of 50 points and a standard deviation of
10. Two week test-retest reliability estimates are 0.89 and 0.76 of the
PCS and MCS, respectively, and the PCS and MCS are highly correlated
with the Medical Outcomes Study 36-Item Short-Form Health Survey
(R? of 0.91 and 0.92, respectively) (Ware Jr. et al., 1996). A higher
score corresponds with higher levels of HRQoL.

Additionally, participants were asked to report their overall self-
rated health (SRH) based on a 5-unit question about health in the past
30 days, ranging from poor to excellent. Consistent with other research
(Allen et al., 2015; Odom et al., 2016), we dichotomized self-rated
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health into those rating their health as excellent/very good/good versus
fair/poor.

Models assessing the association between CVH and HRQoL were
adjusted for potential confounding variables including age, sex (male/
female), race (black/white), study center, educational attainment (high
school diploma or less, some college, or college degree), income cate-
gory (< $35,000, $35,000-$75,000, or > $75,000), and self-reported
history of the following chronic conditions: arthritis, cancer, mental
disorders (includes nervous, emotional, and mental disorders and di-
agnosed depression), lung disease (includes asthma, emphysema,
chronic bronchitis, and chronic obstructive pulmonary disease), and
high-risk alcohol use (more than 14 drinks per week). For time-varying
socioeconomic status and health status, we used those assessed at
follow-up exam 30, to ensure that covariates were most representative
of the participant's status through the years of exposure development.

2.3. Statistical analyses

Group-based trajectory modeling was used to identify unique clus-
ters of individuals based on their CVH scores from baseline through
follow-up year 20, using SAS PROC TRAJ (Nagin and Odgers, 2010).
Trajectory classes and appropriate functional forms were determined
using the Bayesian Information Criterion. Participants were assigned
the trajectory for which they had the highest probability of belonging to
each group (posterior predictive probability). To account for un-
certainty in the trajectory group assignment, we generated 10 multiple
imputations of group membership using the posterior predictive prob-
abilities (Siddique et al., 2012). We then fit all statistical models se-
parately on each of multiply imputed data sets and combined results
across the multiple imputations. We visually assessed the trajectories to
determine the baseline start points and patterns across time, and de-
scribe the patterns using the terms high (CVH greater than or equal to
10), moderate (CVH between 7 and 10), and low (CVH less than or
equal to 7).

Multivariable linear regression was used to estimate the association
between the CVH trajectory groups and the PCS and MCS scores, se-
parately. Multivariable logistic regression was used to estimate the as-
sociation between CVH trajectory groups and the dichotomized SRH
variable. Each multivariable model used a sequential modeling
strategy, first adjusting for demographics (age, sex, race, and study
center), then adding socioeconomic status (education and income), and
finally comorbid conditions (arthritis, cancer, mental disorders, lung
disease, and high-risk alcohol use). We assessed the associations be-
tween trajectory groups and HRQoL for potential interaction by race
and sex. We also conducted two sensitivity analyses in which we ad-
justed for body mass index at Y30 (2015/2016) to determine whether
the association was attributable to adiposity, and excluded participants
who developed CVD during follow-up to determine the influence of
incident CVD on our results. All analyses were conducted using SAS
statistical software version 9.4 (SAS Institute Inc., Cary, NC).

3. Results

There were 3275 participants who completed a year 30 (2015/
2016) follow-up exam. The mean (SD) age was 55.1 (3.6) years, 1868
(57%) were women, and 1541 (47%) were black.

We identified 5 distinct CVH trajectories for the CARDIA partici-
pants: 30.8% of the sample maintained favorable CVH during the 20-
year follow-up (high-steady); 29.1% started with favorable levels of
CVH but declined over time (high-declining); 10.8% maintained an
intermediate level of CVH over the 20 years (moderate-steady); 24.8%
started an intermediate level of CVH but declined over time (moderate-
declining); and 4.4% of participants had low levels of CVH across
follow-up (low-declining) (Fig. 1).

There were differences in demographic and health conditions as
reported at follow-up year 30 across the 5 CVH trajectory groups
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Fig. 1. Cardiovascular health score trajectories among CARDIA participants from baseline through follow-up year 20.

(Table 1). Those in the high-steady CVH group were more likely to be
white race, college educated, higher income, have better CVH factors
and behaviors, and have fewer comorbid chronic conditions. Baseline
values of the demographics and health conditions are reported in Ap-
pendix Table 2; while socioeconomic differences by future trajectory
groups were present at baseline, comorbid health conditions were rare
across all groups.

In the model adjusted for demographics only, physical HRQoL, as
measured by the PCS, was higher for those who maintained ideal levels
of CVH (high-steady) as compared with all other CVH trajectory groups.
These significant differences in the PCS remained after further adjust-
ment for chronic health conditions: those who maintained ideal CVH
(high-steady) group had a 1.8-point higher PCS (95% CI, 1.0-2.7)
compared with higher-declining CVH; a 1.8-point higher PCS (95% CI,
0.4-3.2) compared with moderate-steady CVH; a 3.7-point higher PCS
(95% CI, 2.7-4.7) compared with moderate-declining CVH; and a 5.9-
point higher PCS (95% CI, 4.2-7.7) compared with low-declining CVH.

Differences in mental HRQoL, as measured by the MCS, between for
those who maintained ideal levels of CVH (high-steady) as compared
with all other CVH trajectory groups were smaller than differences in
the PCS, and attenuated after further adjustment for chronic health
conditions. Those who maintained ideal CVH (high-steady) group had a
0.5-point higher MCS (95% CI, —0.3-1.4) compared with higher-de-
clining CVH; a 1.0-point higher MCS (95% CI, —0.3-2.3) compared
with moderate-steady CVH; a 1.0-point higher MCS (95% CI, 0.1-1.9)
compared with moderate-declining CVH; and a 2.5-point higher MCS
(95% CI, 0.5-4.4) compared with low-declining CVH (Table 2).

The odds of being in fair/poor SRH at follow-up year 30 were sig-
nificantly higher in a dose-response pattern for all other CVH trajectory
groups as compared with those who maintained ideal levels of CVH
(high-steady), after adjustment for demographics, socioeconomics, and
chronic health conditions (Fig. 2). As compared with maintaining ideal
CVH (high-steady group), the high-declining CVH group had 2.18 times
the odds of fair/poor SRH (95% CI, 1.37, 3.48), the moderate-steady
CVH group had 2.16 times the odds of fair/poor SRH (95% CI, 1.13,
4.12), the moderate-declining CVH group had 3.12 times the odds of
fair/poor SRH (95% CI, 1.92, 5.07), and the low-declining CVH group
had 6.17 times the odds of fair/poor SRH (95% CI, 3.32, 11.76).

We investigated potential interaction for both sex and race with the
CVH trajectories for physical HRQoL, but did not find evidence of either
(Appendix Tables 3/4) as patterning was consistent for both men and
women (P = 0.68) and blacks and whites (P = 0.52). Women who
maintained ideal CVH (high-steady) had a 6.1-point higher PCS (95%

CI, 3.8-8.5) as compared with those who had low-declining CVH, while
men who maintained ideal CVH (high-steady) had a 5.5-point higher
PCS (95% CI, 3.0-8.1) as compared with those who had low-declining
CVH. Likewise, blacks who maintained ideal CVH (high-steady) had a
5.2-point higher PCS (95% CI, 3.0-7.4) as compared with those who
had low-declining CVH, while whites who maintained ideal CVH (high-
steady) had a 6.6-point higher PCS (95% ClI, 3.6-9.7) as compared with
those who had low-declining CVH. In sensitivity analyses in which we
adjusted for body mass index at year 30 (2015/2016) and excluded
participants with incident CVD during follow-up, results remained un-
changed.

4. Discussion

In this study, we found that CVH trajectories were associated with
physical and mental HRQoL as well as self-rated health. Those who
started off with ideal CVH and maintained ideal CVH from early
adulthood to middle age had higher HRQoL than those with lower le-
vels of CVH at baseline and across 20 years of follow-up. These asso-
ciations were robust to adjustment for socioeconomic status, as well as
comorbid conditions that have been linked to lower HRQoL and may
also limit the likelihood of having ideal behavioral components of CVH,
such as arthritis and lung disease.

Our findings were consistent with previous research that has shown
cross-sectional associations between CVH levels, and overall self-rated
health and number of days reported as “unhealthy” physically and
mentally over the past month (Allen et al., 2015; Odom et al., 2016;
Manczuk et al., 2017; Ogunmoroti et al., 2017; Veromaa et al., 2017).
However, previous studies have conceptualized lower self-rated health
as a risk factor for low CVH (Allen et al., 2015; Odom et al., 2016;
Veromaa et al., 2017), and also low CVH as a risk factor for lower self-
rated health (Manczuk et al., 2017; Ogunmoroti et al., 2017), demon-
strating a need for longitudinal analysis establishing temporality of risk
factors. Longitudinal change in some of the health behaviors com-
prising ideal CVH - including smoking and body mass index — had been
shown to be associated with HRQoL (Kozak et al., 2011; Strandberg
et al., 2008), but no study had yet examined change in the full CVH
score metric with HRQoL. Our study extended previous findings by
demonstrating that longitudinal change in CVH was associated with
HRQoL in middle age.

We found that participants who maintained ideal CVH during the
20 year follow-up period had significantly higher levels of HRQoL as
compared to those who had ideal CVH levels at the start of follow-up
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Table 1

Demographic and health characteristics of CARDIA participants by cardiovascular health trajectory groups at follow-up year 30 (2015/2016).
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High-steady

High-declining

Moderate-steady

Moderate-declining

Low-declining

(30.8%) (29.1%) (10.8%) (24.8%) (4.4%)
Demographics
Age, M (SD) 55.5 (3.5) 55.1 (3.6) 55.0 (3.8) 54.8 (3.7) 54.4 (3.6)
Black race, % 25.1 48.2 51.0 66.6 73.8
Male, % 37.9 47.5 45.5 42.5 44.7
Study center, %
Birmingham, AL 15.2 23.6 21.3 28.1 30.6
Chicago, IL 24.7 21.7 21.6 21.0 21.2
Minneapolis, MN 26.0 25.2 29.1 22.3 25.3
Oakland, CA 34.1 29.5 28.0 28.6 22.8
Education, %
High school 10.8 21.4 29.6 32.2 46.9
Some college 16.4 26.7 26.1 34.9 35.0
College degree 72.7 51.5 43.8 32.4 16.1
Income, %
< $35,000 11.2 19.7 22.4 35.1 49.3
$35,000-$75,000 21.5 26.6 28.1 24.1 22.1
> $75,000 66.2 52.5 48.1 38.8 23.6
Comorbid conditions
Arthritis, % 11.2 10.0 10.2 9.2 10.9
Cancer, % 13.7 10.7 9.6 9.7 9.5
Mental disorders, % 25.3 24.3 23.4 26.2 31.3
Lung disease, % 13.4 18.8 19.1 22.7 34.6
High risk alcohol use, %" 7.9 9.1 11.4 9.0 9.8
CVD, % 1.6 3.7 4.5 7.4 17.4
Cardiovascular health components
SBP, M (SD) 115.4 (14.6) 122.1 (16.2) 120.3 (15.9) 125.3 (17.3) 124.5 (20.2)
DBP, M (SD) 70.4 (10.3) 75.2 (10.6) 74 (10.9) 76.7 (10.9) 76.2 (13.4)
Hypertension meds, % 13.1 33.2 29.0 53.1 66.7
Total cholesterol, M (SD) 194.3 (33.8) 192.3 (37.3) 193.2 (39.7) 189 (41.1) 184.6 (41.9)
Cholesterol meds, % 9.1 20.0 19.0 29.8 44.8
Glucose, M (SD) 94.1 (16.2) 102.4 (30.9) 99.3 (25.5) 110.8 (40.1) 124.1 (53.0)
Diabetes meds, % 2.2 8.7 6.0 21.5 36.3
Smoking status, %
Never 75.8 67.7 52.1 50.4 24.3
Former 20.0 20.3 30.8 25.1 329
Current 3.2 11.3 15.7 23.5 38.7
Physical activity, M (SD) 421.6 (279) 317.2 (268) 316.4 (262) 234.5 (230) 150.2 (187)
Body mass index, M (SD) 26.6 (0.2) 30.7 (6.1) 30.6 (6.7) 34.1 (7.9) 36.7 (8.2)
Dietary quality, M (SD)"
Whole grains, servings/day 2.03 (1.57) 1.47 (1.32) 1.67 (1.57) 1.24 (1.21) 1.03 (1.39)
Fruits/vegetables, servings/day 7.21 (3.54) 5.58 (3.2) 5.98 (3.36) 5.07 (3.15) 3.95 (2.67)
Fish, servings/week 6.82 (7.27) 6.31 (8.39) 7.11 (8.52) 6.5 (8.93) 5.65 (9.3)
Sugar-sweetened beverages, servings/week 3.03 (5.15) 6.2 (8.61) 5.54 (7.83) 8.14 (11.2) 9.68 (13.5)
Sodium, mg/day 2914 (623) 2979 (640) 3007 (684) 2947 (652) 2999 (700)

CVD, cardiovascular disease; DBP, diastolic blood pressure; SBP, systolic blood pressure.

@ High-risk alcohol use defined as 14 or more drinks per week.

b Dietary intake information was not collected at follow-up year 30, dietary data reported are from follow-up year 20.

but declined over time. This adds HRQoL as an additional outcome for
which maintaining ideal levels of CVH is positively associated, along-
side CVD and mortality (Folsom et al., 2011; Dong et al., 2012; Ford
et al., 2012; Yang et al., 2012; Liu et al., 2012). Notably, a trajectory
group that would have started with intermediate or low levels of CVH
but improved their CVH over time was not identified in group-based
trajectory analysis. The lack of a unified group of individuals improving
CVH over time underscores the importance of maintaining existing CVH
levels over time. Indeed, those who maintained intermediate levels of
CVH had similar HRQoL scores as compared to those who had high
levels of CVH at baseline but declined over time.

HRQoL has been associated with incident CVD and all-cause mor-
tality (Barger et al., 2016; Pinheiro et al., 2019; Kroenke et al., 2008;
Haring et al., 2011). Given the age range of the participants, few in our
sample developed clinical CVD (4.7%), though there were differences
by CVH trajectory group with those who maintained ideal CVH over
time having the lowest levels of incident CVD. When those who had
developed CVD during follow-up were excluded in a sensitivity ana-
lysis, results were nearly identical. But, there is evidence that suggests

measures of HRQoL may be a marker of preclinical disease risk, above
and beyond more conventional cardiovascular biomarkers like C-re-
active protein, triglycerides, or urinary albumin (Barger et al., 2016;
Haring et al., 2011). HRQoL could serve as an early indicator of de-
clining CVH and possible development of CVD. In a study examining
levels of PCS and MCS and incident CVD, those who had PCS scores less
than 50 and MCS scores above 50 — as was the case for all observed
trajectory groups in our analysis besides high-steady — there was a 24%
higher risk of developing CVD (Pinheiro et al., 2019). In another study,
a PCS difference of 5 points conferred a 35% higher risk of all-cause
mortality (Kroenke et al., 2008). Subjective questions about overall
health status, ability to physically function, and ability to engage in
daily activities may be clinically useful as a predictor of future CVD risk
and overall mortality.

Despite our findings demonstrating associations between CVH tra-
jectories and both physical and mental HRQoL, the associations be-
tween CVH and mental HRQoL were smaller and less robust. It is pos-
sible that the physical HRQoL scale better captures the specific declines
in quality of life that would be associated with lower CVH, while the
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Table 2
Multivariable-adjusted mean (95% CI) HRQoL physical and mental component
scores at year 30 by cardiovascular health trajectories of CARDIA participants.

Model 1°

Model 2°

Model 3¢

Physical component summary score

High-steady
High-declining
Moderate-steady
Moderate-declining
Low-declining

52.1 (51.5, 52.7)
49.5 (48.8, 50.2)
49.3 (47.8, 50.8)
46.8 (46.0, 47.5)
42.9 (41.3, 44.5)

Mental component summary score

High-steady
High-declining
Moderate-steady
Moderate-declining
Low-declining

52.8 (52.1, 53.5)
51.9 (51.2, 52.6)
51.4 (50.2, 52.6)
51.0 (50.3, 51.7)
48.2 (46.5, 49.9)

50.6 (49.9, 51.2)
48.5 (47.8, 49.2)
48.5 (47.2, 49.8)
46.6 (45.8, 47.3)
43.6 (42.1, 45.2)

52.0 (51.3, 52.8)
51.4 (50.7, 52.1)
50.9 (49.7, 52.2)
50.8 (50.1, 51.5)
48.6 (46.9, 50.4)

50.5 (49.9, 51.1)
48.7 (48.0, 49.3)
48.7 (47.5, 49.9)
46.8 (46.1, 47.5)
44.6 (42.9, 46.2)

52.1 (51.4, 52.8)
51.6 (51.0, 52.2)
51.1 (50.1, 52.2)
51.1 (50.5, 51.8)
49.6 (47.9, 51.4)

2 Model 1: adjusted for race, sex, study center, and age.

> Model 2: adjusted for model 1 + educational attainment and household
income.

¢ Model 3: adjusted for model 2 + comorbid conditions: arthritis, cancer,
mental disorders, lung disease, high-risk alcohol use.

mental HRQoL scale is not as sensitive to CVH-associated quality of life.
However, previous research has shown that mental health does not
have the same age-related decline that is observed with physical func-
tioning (Jorm, 2000). Nevertheless, more research is warranted as CVH
has been previously linked to onset of depression in an older cohort
(Adams et al., 2018), and there may be sensitive periods in which de-
cline in CVH may be linked to mental health and functioning. We did
adjust for mental disorders as a possible confounder, and estimates
were attenuated with the addition of this variable, likely due to the
close relationship between mental health conditions and mental
HRQoL. Likewise, adjustment for alcohol use attenuated estimates, and
high-risk coping mechanisms can negatively impact both CVH and
mental HRQoL (Ogunmoroti et al., 2019; Salonsalmi et al., 2017).
Optimal body mass index is a strong predictor of the preservation of
overall CVH in early adulthood (Gooding et al., 2015), and is also as-
sociated with higher HRQoL (Bottone Jr et al., 2013; Jia et al., 2016).
We performed a sensitivity analysis in which we adjusted for BMI at
year 30 to determine whether BMI alone could account for the asso-
ciations we observed in our analysis. Our findings did not change
qualitatively change with the addition of BMI to the models. We
therefore conclude that while BMI is an important component of the
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CVH score, the CVH score as a composite has associations with HRQoL
that are unique from the association between BMI and HRQoL.

4.1. Limitations

By using the CARDIA study cohort, we were able to access stan-
dardized measurement of CVH factors and behaviors that allowed for
creation of trajectories from early adulthood to middle age. This study
was nevertheless subject to several limitations. First, group-based tra-
jectory modeling identifies general patterns of latent classes and assigns
each participant to one of these classes. There is possibility for mis-
classification, however we attempted for some level of uncertainty by
imputing of group membership using the posterior predictive prob-
abilities and analyzing the imputed data. Second, the SF-12 was not
administered at the baseline CARDIA exam, and thus we were unable to
adjust for baseline HRQoL and possible influence of reverse causality.
Third, these results may not be generalizable to individuals outside of
CARDIA sampling frame, such as other racial/ethnic groups or rural
populations.

5. Conclusion

In conclusion, this study demonstrated an association between tra-
jectories of CVH across two decades and subsequent HRQoL in middle
age, robust to comorbid conditions associated with both HRQoL and
CVH. Our findings suggest that maintaining ideal CVH in early adult-
hood results in higher levels of physical and mental functioning and
overall self-rated health as compared to those who do not maintain
ideal CVH. These results add to the disease risk, health outcomes, well-
being indicators, and mortality endpoints that are associated with ideal
CVH.
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