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Introduction: Earlier development of cardiovascular disease risk factors in blacks versus whites
may result from differences in maintaining health behaviors. Age-specific racial differences in
maintaining health behaviors from ages 18 to 50 years were determined.

Methods: In 1985—1986, the population-based Coronary Artery Risk Development in Young
Adults study enrolled 5,115 participants aged 18—30 years. In 2017, a total of 2,485 blacks and
2,407 whites with one or more optimal health behaviors at baseline who attended one or more of
seven follow-up exams over 25 years (i.e., through 2010—2011) were analyzed. The primary out-
come, maintaining four or more optimal health behaviors, included BMI <25; never smoking;
>150 minutes/week of moderate to vigorous physical activity; no/moderate alcohol intake (women/
men: zero to seven/zero to 14 drinks per week); and Dietary Approaches to Stop Hypertension diet
adherence score >15 (i.e., baseline highest quartile). Hazard ratios comparing blacks with whites
for maintaining optimal health behaviors were calculated among participants with each optimal
behavior at baseline.

Results: From ages 18 to 50 years, 2.6% of blacks and 9.2% of whites maintained four or more
optimal health behaviors (for optimal BMI: 16.0% and 30.1%, smoking status: 74.6% and 78.4%,
physical activity: 17.7% and 21.4%, alcohol intake: 68.4% and 64.6%, diet adherence: 3.9% and
10.3%, respectively). The multivariable adjusted hazard ratio comparing blacks with whites was
0.63 (95% CI=0.56, 0.72) for maintaining four or more optimal health behaviors (for optimal BMI:
0.82 [95% CI=0.66, 1.01], smoking status: 0.57 [95% CI=0.52, 0.62], physical activity: 0.83 [95%
CI=0.75, 0.91], alcohol intake: 1.19 [95% CI=1.03, 1.37], diet adherence: 0.71 [95% CI=0.61, 0.82]).

Conclusions: Fewer blacks than whites maintained four or more optimal health behaviors until
age 50 years, but maintenance was low among both races.
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INTRODUCTION

ardiovascular disease (CVD) is the leading

cause of death in the U.S.' The American Heart

Association recommends lifelong engagement
in modifiable health behaviors to prevent CVD risk fac-
tors from developing and to prevent or delay the inci-
dence of CVD events.” The lifetime risk of dying from
CVD is less than 9% for a nonsmoking adult aged
50 years with high high-density lipoprotein cholesterol
and low total cholesterol, blood pressure, and glucose
levels.” These data highlight the importance of maintain-
ing health-promoting behaviors (e.g., healthy body
weight, nonsmoking, physical activity, healthy diet) to
prevent CVD risk factors from developing before age
50 years.

Several CVD risk factors develop at younger ages in
blacks than whites." For example, black children have
higher blood pressure levels and higher incidence of dia-
betes compared with their white counterparts.’ Racial
differences persist into young adulthood, with blacks
having higher numbers of CVD risk factors than
whites."* Blacks also die from CVD at younger ages
than whites.” However, the lifetime risk for CVD mortal-
ity does not differ by race among adults with equal num-
bers of CVD risk factors in the fifth decade of life.’

Few studies of young adults with longitudinal follow-
up have measured health behaviors, limiting reports on
whether racial disparities exist in maintaining optimal
levels of health behaviors into middle age. Using data
from the Coronary Artery Risk Development in Young
Adults (CARDIA) study, the baseline prevalence of opti-
mal health behaviors in young adulthood and the main-
tenance of these behaviors from early adulthood into
middle age are compared among blacks and whites.
Optimal health behaviors are hypothesized to be less
common among blacks compared with whites in early
adulthood. Also, among young adults with optimal
health behaviors, the maintenance of health behaviors
into middle age are predicted to be lower among blacks
than whites.

METHODS

Study Population

The CARDIA study has been described previously.” Briefly,
CARDIA is a National Heart, Lung, and Blood Institute—spon-
sored multicenter, longitudinal cohort study designed to exam-
ine the development and determinants of clinical and
subclinical CVD and their risk factors. In 1985—1986, a total of
5,115 black and white adults, aged 18—30 years, were enrolled
at four centers (Birmingham, Alabama; Chicago, Illinois; Min-
neapolis, Minnesota; and Oakland, California). The current
analysis used data collected at in-person examinations con-
ducted at Year 0 (baseline) and 2, 5, 7, 10, 15, 20, and 25 years
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following the baseline exam (i.e., through 2010—2011). Between
72% and 90% of the surviving participants completed each fol-
low-up exam. After excluding one participant who withdrew
consent, data from 5,114 participants were analyzed to assess
racial differences in optimal health behaviors at baseline. Racial
differences in maintaining optimal health behaviors was deter-
mined among participants with at least one optimal health
behavior at baseline and who attended at least one follow-up
exam (n=4,892). The IRB at each site approved the CARDIA
study protocol. Participants provided written informed consent
at each examination.

Measures

Age, race, and gender were self-reported at exam Year 0 (baseline)
and confirmed at exam Year 2. At exams conducted 5, 7, 10, 15,
20, and 25 years following baseline, annual household income was
self-reported. At each exam, highest level of education achieved,
and marital status were ascertained by self-report.

Five health behaviors shown to co-occur in U.S. adults were evalu-
ated®: (1) BMI; (2) smoking status; (3) physical activity; (4) alcohol
intake; and (5) a diet rich in fruits and vegetables and low in dairy,
saturated, and total fat. At each exam, height and weight were mea-
sured by trained staff. Information on smoking status was collected
using biomarker (ie., serum cotinine)—validated self- and inter-
viewer-administered questionnaires.” Physical activity was self-
reported using the validated CARDIA Physical Activity History
questionnaire.'”* As described previously, information on partici-
pation in five moderate and eight vigorous activities in four activity
domains (ie., recreational sports, exercise, leisure, occupation) over
the past year was collected.'”~"> Alcohol intake was assessed by ask-
ing participants: Did you drink any alcoholic beverages in the past
year? Participants who responded yes were asked how many weekly
servings of wine, beer, and liquor they consumed. At the baseline
examination and 7 and 20 years following baseline, a detailed dietary
history was collected using a validated interviewer-administered
questionnaire with two components.”'* Dietary practices were
assessed with 18 questions on the use of fat and salt in cooking, table
salt, and fast-food consumption. Also, comprehensive questions, lists
of food items, and food models were used to quantify participants’
usual consumption of foods within food groups and serving size; fre-
quency of consumption (e.g., daily, weekly, or monthly); and prepa-
ration method. Dietary information was processed with a nutrient
database developed by the University of Minnesota’s Nutrition Coor-
dinating Center. The Dietary Approaches to Stop Hypertension
(DASH) diet was used to represent a diet rich in fruits and vegetables
and with low dairy, saturated, and total fat.

BMI was calculated as body weight (in kilograms) divided by
height (in meters) squared. An optimal BMI was <25. Optimal
smoking status was defined by a self-report of never smoking
tobacco products or smoking fewer than five cigarettes per week for
<3 months throughout their life."” Physical activity over the prior
year was calculated in exercise units as the sum of the product of
the annual frequency of participation in each moderate and vigor-
ous activity assessed and weekly duration.'®”'* Optimal physical
activity was defined as >300 exercise units per week.'”
This is approximately equivalent to >150 minutes per week of
moderate or vigorous physical activity.'* Milliliters of alcohol intake
per day was estimated and converted to drinks per week.'® Optimal
alcohol intake was defined as no or moderate consumption
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(i.e., women/men: zero to seven / zero to 14 drinks per week). A
DASH diet adherence score was calculated for each participant
using methods applied in CARDIA by Chang et al.'” Participants
were grouped into quartiles using the distribution of DASH diet
scores at baseline (range, 8 [least healthy] to 32 [healthiest]). Opti-
mal diet was defined as having a DASH diet adherence score >15
(Quartile 4 at baseline). The primary outcome, maintenance of
optimal health behavior overall, was defined as having an
optimal level of four or five individual behaviors at all exams. The
maintenance of individual optimal health behaviors were secondary
outcomes.

Statistical Analysis

Missing data were imputed with ten data sets. Chained equa-
tions were used to impute data for the cross-sectional analyses.
Joint modeling multiple imputation for multilevel data was
used to impute data among participants analyzed for main-
taining optimal health behaviors.'® This approach is useful for
prospective study designs when observations are nested within
higher order organizational units or clusters (e.g., repeated
measurements [Level 1] nested within participants [Level
2])."" Ignoring the probability of missingness in a multilevel
structure by using single-level imputation can lead to point
estimates and measures of uncertainty being biased.'®
Although the joint model and chained equations methods pro-
vide similar imputed estimates for single-level data, using a
multivariate linear mixed model (i.e., random-intercept
model) to impute missing repeated measurements preserves
the correlation of participant characteristics between (Level 1)
and within (Level 2) clusters in multilevel data.'® Missing data
for each characteristic and health behavior analyzed in the lon-
gitudinal analyses is reported by exam year in Appendix
Table 1 (available online).

The distribution of the number of optimal health behaviors and
the percentage of participants with each optimal health behavior
at baseline were calculated for blacks and whites, separately. The
statistical significance of differences in the number of optimal
health behaviors and each optimal health behavior comparing
blacks with whites were calculated using chi-square tests. The
analyses for optimal health behavior overall are described below
and were repeated for each optimal health behavior, separately.

Using Poisson regression with robust SEs, prevalence ratios, and
95% ClIs were calculated for having optimal health behavior over-
all at baseline comparing blacks with whites. The prevalence ratios
were calculated with adjustment for age and sex (Model 1), and
age, sex, education, and marital status (Model 2). Baseline charac-
teristics were calculated among black and white participants with
at least one optimal health behavior at baseline and who attended
at least one follow-up exam (i.e., individuals analyzed for main-
taining optimal health behaviors), for those with and without
optimal health behavior overall. Next, the age-specific percentage
and 95% CI of blacks and whites maintaining optimal health
behavior overall from ages 18 through 50 years was calculated
using a modified Kaplan—Meier method adjusted for the compet-
ing risk of death with the Practical Incidence Estimator.'® Chi-
square tests were used to calculate the difference in the percentage
of blacks and whites who maintained optimal health behavior
overall at ages 20, 25, 30, 35, 40, 45, and 50 years. Hazard ratios
and 95% Cls for maintaining optimal health behavior overall
comparing blacks with whites was calculated among participants
with optimal health behavior overall at baseline using pooled
logistic regression with age as the timescale.”” Censoring occurred
at the age that the optimal health behavior was not maintained or
the age at the end of follow-up. Two levels of adjustment were
conducted as described above, with Model 2 also including
income. The covariates were updated at each CARDIA exam. In a
sensitivity analysis, the hazard ratios were recalculated using un-
imputed data wherein participants were followed through their
last exam attended with status of maintaining the optimal level of
each health behavior carried forward when all exams were not
attended. Analyses were conducted in 2016—2017 using R version,
3.2.3; Stata/IC, version 12.1; and SAS, version 9.4. P-values <0.05
were considered statistically significant.

RESULTS

Prevalence of Health Behaviors at Baseline Among
All Participants

The percentage of participants who were enrolled in the
CARDIA study with zero optimal health behaviors at
baseline did not differ between blacks and whites, but
blacks were less likely than whites to have four or more

Table 1. Participants’ Baseline Characteristics by Race Status of Optimal Health Behavior Overall

Optimal health behavior overall®

Yes

No

Participant characteristic Black (n=594)

White (n=956) Black (n=1,891) White (n=1,451)

Age, years 23.5+0.2
Men, % 55.8
Education less than high school, % 6.9
Annual household income <$25,000, % 49.4
Married status, % 15.5

25.6+£0.1 24.5+0.1 25.4+0.1
44.8 39.9 49.0

2.0 12.2 6.1
28.6 60.3 33.1
23.5 20.5 271

Note: Numbers in the table are mean £ SE or percentages that were calculated among black and white participants who had at least one optimal
health behavior at baseline and completed at least one follow-up exam. Joint modeling multiple imputation for multilevel data was used to impute
missing information for analyses related to the maintenance of optimal health behaviors using data from year O (baseline) through year 25.

20ptimal health behavior overall was calculated as the sum of having each individual optimal health behavior: BMI <25, never smoking status, >150
minutes per week of moderate or vigorous physical activity, no or moderate weekly alcohol intake, and diet adherence score >15 (quartile 4 [highest]
at baseline, healthier). Participants with four or more individual optimal health behaviors were categorized as having optimal health behavior overall.
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Cumulative percentage of participants maintaining optimal health behavior overall
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Figure 1. Age-specific percentage of black and white participants who maintained optimal health behavior overall.

Note: Joint modeling multiple imputation for multilevel data was used to impute missing information for analyses related to the maintenance of opti-
mal health behaviors using data from year O (baseline) through year 25. There were 594 blacks and 956 whites with the optimal level at baseline.
The age-specific percentage (95% Cl) of black and white participants who maintained optimal health behavior overall and p-difference comparing the
percentage of black with white participants who maintained optimal health behavior overall are reported in Appendix Table 4 (available online). The
percentages are adjusted for the competing risk of all-cause mortality. The age-specific percentage (95% Cl) of black and white participants who
maintained each individual optimal health behavior and p-difference comparing the percentage of black with white participants who maintained
each individual optimal health behavior are reported in Appendix Figures 2—6 and Appendix Table 4 (available online).

optimal health behaviors at baseline (Appendix Table 2
and Appendix Figure 1, top panel, available online).
Also, blacks were less likely than whites to have optimal
BMI, physical activity, and diet adherence, and more
likely than whites to have optimal alcohol intake
(Appendix Table 2 and Appendix Figure 1, bottom
panel, available online).

Blacks were less likely than whites to have optimal
health behavior overall and optimal BMI, physical activ-
ity, and diet adherence at baseline after adjustment for
age and sex (Appendix Table 2, available online). In con-
trast, blacks were more likely than whites to have optimal
alcohol intake. The full multivariable-adjusted prevalence
ratio comparing blacks with whites for optimal health
behavior overall was 0.61 (95% CI=0.55, 0.67); optimal
BMI was 0.80 (95% CI=0.74, 0.85); optimal smoking sta-
tus was 1.04 (95% CI=0.96, 1.12); optimal physical activ-
ity was 0.81 (95% CI=0.75, 0.87); optimal alcohol intake
was 1.08 (95% CI=1.01, 1.14); and optimal diet adher-
ence was 0.41 (95% CI=0.36, 0.46).

Maintenance of Optimal Health Behaviors Among
Those With Optimal Levels at Baseline

Among participants with and without optimal health
behavior overall at baseline and who attended at least
one follow-up exam, blacks were younger, more likely to
have less than a high school education and annual
household income <$25,000, and less likely to be mar-
ried compared with whites (Table 1). Also, a higher per-
centage of blacks compared with whites with overall
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optimal health behavior were men. In contrast, there
was a low percentage of men among blacks compared
with whites without optimal health behavior overall.
Baseline characteristics among participants with and
without each optimal health behavior and who attended
at least one follow-up exam are reported in Appendix
Table 3 (available online).

A lower percentage of blacks than whites maintained
optimal health behavior overall (Figure 1 and Appendix
Table 4, available online) and optimal BMI and physical
activity (Appendix Figures 2 and 3 and Appendix Table 4,
available online) from ages 18 to 50 years. The likelihood
of maintaining optimal smoking, alcohol intake, and diet
adherence from ages 18 to 50 years was not statistically dif-
ferent between blacks and whites (Appendix Figures 4—6
and Appendix Table 4, available online).

After age and sex adjustment, blacks were less likely
than whites to maintain optimal health behavior overall
and optimal BMI, smoking status, physical activity, and
diet adherence, but no difference was present for optimal
alcohol intake (Table 2). The multivariable-adjusted haz-
ard ratio comparing blacks with whites for maintaining
optimal health behavior overall was 0.63 (95% CI=0.56,
0.72); optimal BMI was 0.57 (95% CI=0.52, 0.62); opti-
mal smoking status was 0.82 (95% CI=0.66, 1.01); opti-
mal physical activity was 0.83 (95% CI=0.75, 0.91);
optimal alcohol intake was 1.19 (95% CI=1.03, 1.37);
and optimal diet adherence was 0.71 (95% CI=0.61,
0.82). Results were consistent in an analysis using the
un-imputed data (data not shown).
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DISCUSSION

In this longitudinal population-based study, 23.5% of
blacks and 39.2% of whites aged 18—30 years had four
or five optimal health behaviors in young adulthood. In
young adulthood, optimal BMI, physical activity, and
diet adherence were less common among blacks com-
pared with whites whereas optimal alcohol intake was
more common. Only 2.6% of blacks and 9.2% of whites
with optimal health behavior overall at baseline main-
tained it from age 18 years until 50 years. After multivar-
iable adjustment, blacks were less likely than whites to
maintain optimal health behavior overall and optimal
BMLI, physical activity, and diet adherence.

Although most middle-aged U.S. adults have few opti-
mal health behaviors, RCTs provide strong evidence that
modestly improving suboptimal health behaviors can
lower CVD risk factors.”’ ~** As the effects of behavior
modification accrue over time, achieving and maintain-
ing small improvements in health behaviors can maxi-
mize the health benefits.””** However, reviews of
published studies indicate the long-term maintenance of
improved health behaviors is rare following interven-
tions for primary prevention of CVD.” " Also, a few
participants (blacks: 7.0%, whites: 8.8%) in the prospec-
tive Atherosclerosis Risk in Communities cohort study
who did not consume five or more fruits and vegetables
daily; did not participate in 2.5 hours per week of physi-
cal activity; were obese (BMI >30); and/or had a current
smoker status at baseline adopted all of these health
behaviors after 6 years of follow-up.”” In the current

study, the low percentage of participants maintaining
optimal health behavior overall demonstrates the need
to encourage young adults, regardless of race, to main-
tain multiple individual optimal health behaviors across
the life span. Studies are needed to characterize young
blacks and whites who are more likely to maintain opti-
mal health behaviors. This may provide a foundation for
developing a screening tool that identifies individuals
less likely to maintain each optimal health behavior who
can receive personalized behavior counseling. Further, it
can inform the development of novel interventions for
maintaining optimal health behaviors in blacks and
whites, separately.

It has been proposed that health behaviors explain
racial differences in preventable and modifiable CVD
risk factors including hypertension and diabetes.' Popu-
lation-based studies of U.S. adults have consistently
reported racial differences in the prevalence of optimal
health behaviors.”>”'~*” Blacks are less likely than
whites to have higher numbers of optimal health behav-
iors.”**® Also, the prevalence of optimal BMI, physical
activity, and diet adherence is lower and optimal alcohol
intake has been reported to be more common in blacks
compared with whites.”*”'*>*” In the current study,
most participants had at least one optimal health behav-
ior at baseline and few had four or more. The baseline
prevalence of optimal health behaviors reported herein
among blacks and whites was similar to that in prior
studies.”>”' """ The current study extends prior research
by reporting the maintenance of optimal health behav-
jors from young adulthood into middle age. The

Table 2. Hazard Ratios for Maintaining Optimal Health Behaviors Comparing Blacks With Whites

n maintaining the optimal health
behavior / n with the optimal health

Hazard ratio (95% Cl)
comparing blacks

Never smoker status

Physical activity >150 minutes
per week

No or moderate alcohol intake

1,078 / 1,445 (74.6%)
232/ 1,313 (17.7%)

1,549 / 2,264 (68.4%)

Diet adherence score >15° 15/ 383 (3.9%)

behavior at baseline (% ith whites
Optimal health behavior v ine (%) With whi
maintained Black White Model 1 Model 2
Optimal health behavior overall® 15 / 594 (2.5%) 88/ 956 (9.2%) 0.64 (0.57, 0.72) 0.63 (0.56, 0.72)
BMI <25 238/ 1,485 (16.0%) 524 / 1,742 (30.1%) 0.62 (0.57, 0.67) 0.57 (0.52, 0.62)

1,053 / 1,343 (78.4%)
339/ 1,585 (21.4%)

1,309 / 2,026 (64.6%)
100/ 975 (10.3%)

0.73 (0.59, 0.89)
0.81(0.74, 0.88)

0.82 (0.66, 1.01)
0.83 (0.75, 0.91)

1.06 (0.92, 1.22)
0.70 (0.61, 0.81)

1.19 (1.03, 1.37)
0.71(0.61, 0.82)

Note: Joint modeling multiple imputation for multilevel data was used to impute missing information for analyses related to the maintenance of opti-
mal health behaviors using data from year O (baseline) through year 25. Boldface indicates statistical significance (p<0.05). Model 1: Adjustment for
age and sex updated at each time it was measured, as appropriate. Model 2: Adjustment for age, sex, less than a high school education, annual
household income <$25,000, and marital status updated at each time it was measured, as appropriate.

@0ptimal health behavior overall was calculated as the sum of having each individual optimal health behavior: BMI <25, never smoking status,
>150 minutes per week of moderate or vigorous physical activity, no or moderate weekly alcohol intake, and diet adherence score >15 (quartile 4
[highest] at baseline, healthier). Participants with four or more individual optimal health behaviors were categorized as having optimal health behav-

ior overall.

®Diet adherence derived from Dietary Approaches to Stop Hypertension (DASH) scores at baseline using all participants. Quartile 1 (low, less healthy)

to quartile 4 (healthier, optimal level): <10, 10 to <12, 12 to <15, and >15.
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maintenance of optimal health behavior overall
decreased more quickly between ages 20 and 25 years in
blacks compared with whites. Also, the percentage of
blacks who maintained optimal health behavior overall
remained lower than whites from age 25 years until
50 years. However, even among participants who
entered adulthood with optimal health behaviors, a low
percentage of participants maintained them until age
50 years, regardless of race. Blacks were less likely than
whites to maintain optimal health behavior overall and
optimal BMI, physical activity, and diet adherence into
middle age.

Preventing the development of CVD risk factors may
provide the most effective approach for lowering the
incidence of CVD.”” Optimal health behaviors are cen-
tral components of cardiovascular health, a concept
introduced in 2010 by the American Heart Association
to help highlight the importance of preventing CVD risk
factors from developing and remaining CVD-free
throughout the life course.” Although prior studies
report that blacks have higher CVD mortality compared
with whites,”® ' the lifetime risk for CVD does not dif-
fer in blacks compared with whites with the same num-
ber of risk factors.” Interventions that improve the
maintenance of optimal health behaviors throughout the
life span may reduce the racial disparities in CVD risk.

Limitations

The current study has several strengths. The CARDIA
study enrolled a large population-based cohort that com-
prises black and white adults aged 18—30 years who were
followed for 25 years. The comprehensive data collection
permitted adjustment for variables that were updated at
each exam. Also, health behaviors were measured using
a standardized protocol throughout follow-up. Despite
these strengths, there are also limitations. Several health
behaviors were self-reported, and objective measures of
these factors were not available. Measurement error may
have contributed to misclassification resulting in attenu-
ated effect sizes. Also, diet history was assessed at only
three exams. However, multilevel multiple imputation of
repeated measurements within participants minimized
bias in the point estimates attributable to racial differen-
ces in follow-up retention, and there was consistency
when the results from analyses using the imputed and
un-imputed data were compared.

CONCLUSIONS

There is a need to develop sustainable interventions that
encourage the maintenance of optimal health behaviors
into adulthood and from young adulthood into middle
age. Racial differences in the individual optimal health
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behaviors and optimal health behavior overall were pres-
ent at baseline when participants were aged 18—30 years.
Additionally, racial differences in the maintenance of
optimal health behaviors were observed to be present
between ages 20 and 25 years when the percentage of
participants with optimal health behavior overall
decreased more rapidly for blacks than whites. Although
fewer blacks than whites maintained optimal health
behavior overall, and optimal BMI and physical activity,
maintaining optimal health behaviors until age 50 years
was low among both blacks and whites.
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