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ABSTRACT

BACKGROUND Documenting trends in risk factors among individuals with cardiovascular disease (CVD) may inform
policy and secondary prevention initiatives.

OBJECTIVES This study aimed to examine 20-year trends in risk profiles among U.S. adults with CVD and any
racial/ethnic disparities.

METHODS In this serial cross-sectional analysis of 6,335 adults with self-reported CVD participating in the National
Health and Nutrition Examination Survey from 1999 through 2018, we calculated age- and sex-adjusted proportions with
ideal risk factor attainment.

RESULTS The proportions with ideal hemoglobin Alc (<7% if diabetes or <5.7% if not) and body mass index

(<25 kg/m?) worsened from 58.7% (95% Cl: 55.2%-62.1%) to 52.4% (95% Cl: 48.2%-56.6%) and 23.9% (95% ClI:
21.5%-26.4%) to 18.2% (95% Cl: 15.6%-21.2%) from 1999-2002 to 2015-2018, respectively. After initial improvement,
the proportion with blood pressure <130/80 mm Hg declined from 52.1% (95% Cl: 48.9%-55.4%) in 2007-2010 to
48.6% (95% Cl: 44.2%-52.7%) in 2015-2018. The proportion with non-high-density lipoprotein cholesterol

levels <100 mg/dL increased from 7.3% (95% Cl: 5.6%-9.5%) in 1999-2002 to 30.3% (95% Cl: 25.7%-35.5%) in
2015-2018. The proportions with ideal smoking, physical activity, and diet profiles were unchanged over time, and in
2015-2018 were 77.8% (95% Cl: 73.6%-81.4%), 22.4% (95% Cl: 19.3%-25.9%), and 1.3% (95% Cl: 0.7%-2.6%).
Worsening trends were observed in Hispanic adults for cholesterol, and in Black adults for smoking (both P < 0.05 for
nonlinear and linear trends). Persistently lower ideal risk factor attainment was observed for blood pressure in Black
adults and for hemoglobin Alc levels in Asian adults compared with White adults (all P < 0.05 for differences).

CONCLUSIONS Trends in cardiovascular risk factor profiles in U.S. adults with CVD were suboptimal from 1999 through
2018, with persistent racial/ethnic disparities. (J Am Coll Cardiol 2022;80:126-137) © 2022 by the American College of
Cardiology Foundation.

he past 2 decades brought major advances in intensive control of cardiovascular risk factors,
treatments for secondary prevention of car- including type 2 diabetes mellitus, uncontrolled
diovascular disease (CVD)."” During this blood pressure, hyperlipidemia, excess weight, smok-
time period, professional societies, including the ing, physical inactivity, and unhealthy eating, to
American College of Cardiology and the American reduce the risk of recurrent cardiovascular events
Heart Association, have recommended increasingly and death among individuals with a history of
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CVD.> The professional society guidelines incorpo-
rate greater understanding with respect to lifestyle
changes and an increased armamentarium of safe
and effective pharmaceutical options for individuals
with CVD.

It is important to assess secular trends in CVD risk
factor control to understand to what extent new
treatments and guidelines are being translated to
practice and identify areas that may require more
clinical and public health attention. Prior publications
have assessed risk factor control for primary preven-
tion in the general U.S. population and raise concern
for insufficient implementation of guidelines.®” In
the secondary prevention setting, where intensive
risk factor modification is especially emphasized,
trends in risk factor control have recently been
described in patients with peripheral artery dis-
ease.®° However, many patients with other types of
CVD, including coronary heart disease and stroke,
have been missed. In addition, prior analyses in sec-
ondary risk factor management reported nationally
representative data nearly 2 decades ago.'® Further-
more, there is a need for greater understanding of
trends in health inequities in CVD risk factor control.

SEE PAGE 152

Therefore, using nearly 2 decades of data (1999-
2018) from the National Health and Nutrition Exami-
nation Survey (NHANES), we evaluated the trends in
cardiovascular risk factor profiles and a summary
metric of secondary prevention of CVD in U.S. adults
with a history of CVD.

METHODS

STUDY POPULATION. The NHANES is a cross-
sectional survey that uses a stratified and multistage
probability cluster sampling scheme to represent the
U.S. noninstitutionalized, civilian population."” In
6,338 participants aged =20 years from NHANES
1999-2018 with a self-reported history of coronary
heart disease, myocardial infarction, stroke, angina,
or congestive heart failure, 3 participants were
excluded because of missing data on all risk factors of
interest (described in the following section), leaving
6,335 for the current analysis. We included those with
at least 1 risk factor available, and thus the sample
size varied for each individual risk factor (additional
details are given in the Supplemental Methods). The
comparison of the baseline characteristics between
the included population and the excluded population
because of missing any cardiovascular risk factors is
shown in Supplemental Table 1. The study protocols
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were approved by the Institutional Review
Board of the National Center for Health Sta-
tistics, and all study participants provided
written informed consent.

CARDIOVASCULAR RISK FACTORS. Blood
glucose level was assessed by using hemo-
globin Ailc (HbA,.) levels because fasting
plasma glucose was only available in a sub-
sample of NHANES participants.'” Different
methods were used to measure HbA,. levels

over time; we therefore used a previously validated
equi-percentile equating approach to calibrate HbA,.
values between NHANES survey cycles, with 2015-
2018 as the reference survey years.'> Blood pressure
was measured 3 times consecutively with a mercury
sphygmomanometer after each participant was
seated for 5 minutes. Mean systolic and diastolic
blood pressures were calculated by averaging the
second and third readings. Due to low-density lipo-
protein cholesterol data being only available in a
subsample of fasting NHANES participants, we
focused on non-high-density lipoprotein cholesterol
(non-HDL-C),'"* calculated by subtracting HDL-C
levels from total cholesterol levels. Total and HDL-C
were measured using standardized enzymatic as-
says.” Body mass index was calculated as weight in
kilograms divided by height in meters squared.
Smoking status and duration of smoking abstinence
were self-reported via survey questionnaires. Fre-
quency, duration, and types of physical activity were
also self-reported. Similar to prior NHANES risk factor
studies,”'® we used the Healthy Eating Index-2015
(HEI-2015) to assess diet quality.'” Each of 13 dietary
components is assigned to a per 1000 kcal standard
for achieving a maximum score, and scores from all
components sum to a maximum of 100 points, with
higher scores indicating better diet quality.

SECONDARY PREVENTION METRIC. Consistent with

identified in secondary prevention
guidelines and the framework of the American Heart

risk factors

Association Life’s Simple 7,3>¢1819 we constructed
a 14-point secondary prevention metric based on the
levels (2 points for ideal, 1 point for intermediate,
and 0 points for poor) of each of 7 factors (HbA,,
blood pressure, non-HDL-C, body mass index,
smoking status, physical activity, and HEI-2015).
However, we modified the definitions of ideal, in-
termediate, and poor levels according to secondary
prevention guidelines and cutoffs used in previous
publications,®>° as Life’s Simple 7 was developed
for primordial prevention of CVD. The modified
secondary prevention metric ensured that we did

ABBREVIATIONS
AND ACRONYMS

HbA,. = hemoglobin A,

HEI-2015 = Healthy Eating
Index-2015
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CVD = cardiovascular disease

NHANES = National Health and
Nutrition Examination Survey
Non-HDL-C = non-high-density
lipoprotein cholesterol
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TABLE 1 Characteristics of U.S. Adults With CVD, NHANES 1999 to 2018

1999-2002 2003-2006 2007-2010 2011-2014 2015-2018
(n =1,202) (n =1,249) (n =1,385) (n =1,176) (n =1,326)
Age, y 63.8 +£ 0.85 65.4 + 0.69 64.7 + 0.45 64.8 + 0.62 65.3 + 0.45
Male 53.9 + 2.1 49.9 +2.0 549 £1.9 521+ 21 55.7 + 2.0
Race/ethnicity (n=1,171) (n =1,206) (n =1,335) (n =1,144) (n =1,254)
Non-Hispanic White 80.9 + 2.1 83.2+23 789 + 25 75.6 +£ 2.5 74.5 £+ 2.0
Non-Hispanic Black Nn3+17 Mn5+15 13.2+15 122 +1.6 13.0 £ 1.6
Hispanic 7.8 +£2.0 53+1.1 8.0 +1.7 93+ 1.6 95+13
Non-Hispanic Asian = = 29+ 04 3.0 £ 0.6
Education (n =1,189) (n =1,243) (n=1,383) (n=1173) (n=1,323)
Less than high school 36.7 £ 2.1 29.7 +£ 2.0 299 +1.7 243+ 2.0 175+ 1.8
High school graduate 271 +£2.0 26.4 +2.0 276 +1.7 26.7 + 2.1 283 +1.8
Some college 229 +1.6 28.7 +£ 2.0 246 £1.9 287+ 1.6 327 +£2.0
College graduate or higher 13.3+13 152 +1.7 179 £1.7 202 £1.7 215+ 2.4
Family income-to-poverty ratio (n =1,046) (n =1,163) (n =1,252) (n =1,077) (n =1,163)
=100% 19.0 £ 1.7 147 £1.3 17.4 £1.5 18.8 £+ 2.1 16.8 + 1.6
>100%-299% 439 + 2.1 50.0 + 2.2 44.6 +1.7 49.4 + 2.6 442 +2.4
>300%-499% 181+ 1.9 213 +£ 2.7 18.4 +£ 1.4 182 +£1.7 19.4 + 2.0
=500% 19.0 + 2.4 139 £ 1.6 19.6 £ 1.9 135 +1.7 19.6 +£2.3
History of medication use (n =1,195) (n =1,247) (n =1,384) (n =1,175) (n =1,324)
Use of antihypertensives 74.2 + 2.3 76.1 + 2.0 781 +1.2 789 + 1.6 792 +1.4
Use of lipid-lowering drugs 41.2 +£ 2.1 48.1 +2.0 57.4 £1.5 63.7+1.9 62.7 +£1.9
Use of antidiabetic medications 16.4 +£1.3 211+ 1.4 258 £ 1.7 27.8 +1.8 304 +15
Use of aspirin 35+0.8 29+0.8 87+10 3.8+0.7 22+07
History of cardiovascular disease (n =1,132) (n =1,186) (n =1,329) (n =1,148) (n =1,301)
Coronary heart disease 59.6 + 2.7 58.9 + 2.1 584 +15 56.9 + 2.4 513+ 2.7
Myocardial infarction 39.8 +1.8 415 +2.2 388 +19 37.8 £ 2.0 383 +1.8
Stroke 28.9 + 2.1 31.5+1.8 351+1.6 331+1.7 33.2+1.9
Angina 36.7 £ 2.2 3114 £ 24 24.0 +1.6 255 +1.8 26.0 +1.9
Congestive heart failure 25.6 + 1.6 271 +£1.3 262 +1.3 30.7 £ 23 262 +1.4

CVD = cardiovascular disease.

Values are mean =+ SE. All estimates were weighted and accounted for National Health and Nutrition Examination Survey (NHANES) sampling design.

not preclude individuals from being categorized as
an ideal level based on medication use status. For
ideal defined
as <130/80 mm Hg and ideal cholesterol profile as
non-HDL-C <100 mg/dL regardless of medication
use, consistent with blood pressure and cholesterol
guidelines.*> After excluding those with missing
values on any cardiovascular risk factors (data

example, blood pressure was

missingness listed in Supplemental Table 2), the
current analysis of the secondary prevention metric
included 4,747 participants. To address data miss-
ingness, we subsequently conducted a sensitivity
analysis using multiple imputations. The secondary
prevention metric was created to serve as a sum-
mary statistic, not to infer prognosis. The detailed
definitions for our secondary prevention metric and
the American Heart Association Life’s Simple 7 are
summarized in Supplemental Table 3.

STATISTICAL ANALYSIS. All statistical analyses fol-
lowed the recommended analytic guidelines and
accounted for the complex NHANES sampling design,

oversampling, and survey nonresponse." To improve
the precision of estimates, we pooled survey data in
4-year intervals from 1999 through 2018 (ie, 1999-
2002, 2003-2006, 2007-2010, 2011-2014, 2015-2018).
The survey weights were rescaled to provide reliable
estimates to represent the U.S. adult population with
self-reported CVD.?° Baseline characteristics were
compared across 4-year survey periods from 1999
through 2018. Data on race and ethnicity for non-
Hispanic Asian participants became available in
NHANES after 2009-2010.”"

To facilitate interpretations in the clinical context,
we examined the age- and sex-adjusted proportions
of ideal cardiovascular risk factors as our main re-
sults. We also assessed the age- and sex-adjusted
population-level means of risk factors for compara-
bility with prior publications.”>?® For the trends
analysis, the midpoint of each 4-year survey period
was used as a continuous variable to test for linear
trends in measures of our interest using logistic or
linear regression models. If the overall model fit
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improved after adding a quadratic term of time (the
midpoint of each 4-year survey period) based on the
likelihood ratio test, the nonlinear trends were then
modeled by using piece-wise spline models to facili-
tate the interpretations of a nonlinear relationship
between time and outcome measures in a clinical
context. Before fitting piece-wise spline models, the
flexible and informed Bayesian regression analysis
with multiple change points (the R package [mcpl)
was performed to compare the predictive accuracy of
models with 1 vs 2 inflection points.?* In general, the
2 inflection point models were not favored; thus, we
fit the data using 2-piece spline regression with an
inflection point for nonlinear trends. Moderate or
vigorous physical activity levels were log-
transformed when modeling to account for the posi-
tively skewed distribution. Age- and sex-adjusted
means of the secondary prevention metric were also
calculated.

We evaluated interactions of the age- and sex-
adjusted trends with race/ethnicity (non-Hispanic
White, non-Hispanic Black, and Hispanic) and CVD
subtypes (coronary heart disease/myocardial infarc-
tion/stroke/angina vs congestive heart failure). The
homogeneity of temporal trends by subgroups was
tested by using multiplicative interaction terms with
time (linear and/or quadratic) in age and sex-adjusted
regression models. In a sensitivity analysis, we used
multiple multivariate imputation of variables with five
imputed datasets to replace missing values on the
secondary prevention metric, amounting to 25.1% of
total values. All analyses were performed by using
Stata version 15.1 (StataCorp), and a 2-sided
P value <0.05 was considered statistically significant.

RESULTS

The distribution of age and sex in U.S. adults with
CVD remained stable from 1999 through 2018
(Table 1). The mean age of the study population
ranged from 63.8 to 65.4 years, and the proportion of
men from 49.9% to 55.7%. Proportions of non-
Hispanic Black and Hispanic participants with CVD
increased from 11.3% and 7.8% in 1999-2002 to 13.0%
and 9.5% in 2015-2018, respectively. The top 3 CVD
subtypes in terms of relative percentages were coro-
nary heart disease, myocardial infarction, and angina
in 1999-2002 and changed to coronary heart disease,
myocardial infarction, and stroke in 2015-2018.

CARDIOVASCULAR RISK FACTOR PROFILES FROM
1999 THROUGH 2018. Figure 1 summarizes the age-
and sex-adjusted proportions of different levels of
risk profiles in U.S. adults with CVD. The proportion
with ideal HbA,. values (<7% with a self-reported
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diagnosis of diabetes or <5.7% without) decreased
from 58.7% (95% CI: 55.2%-62.1%) in 1999-2002 to
52.4% (95% CI: 48.2%-56.6%) in 2015-2018 (P = 0.001
for linear trend) (Figure 1, Supplemental Figure 1).
Trends in proportions with ideal blood pressure and
cholesterol profiles were nonlinear, with an inflec-
tion point around 2007-2010. The proportion with
ideal blood pressure (systolic blood pressure <130
mm Hg and diastolic blood pressure <80 mm Hg)
improved from 44.0% (95% CI: 39.4%-48.6%)
in 1999-2002 to 52.1% (95% CI: 48.9%-55.4%) in
2007-2010, and then plateaued at 48.6% (95% CI:
44.2%-52.7%) in 2015-2018 (P < 0.001 for nonlinear
trend). The proportion with ideal cholesterol levels
(non-HDL-C <100 mg/dL) increased from 7.3%
(95% CI: 5.6%-9.5%) in 1999-2002 to 30.3% (95% CI:
25.7%-35.5%) in 2015-2018 (P = 0.002 for nonlinear
trend). The proportion with ideal body mass index
(<25 kg/m?) worsened from 23.9% (95% CI: 21.5%-
26.4%) in 1999-2002 to 18.2% (95% CI: 15.6%-21.2%)
in 2015-2018 (P = 0.008 for linear trend). The pro-
portion with an ideal smoking profile (never smoked
or quit smoking >1 year) remained unchanged from
81.4% (95% CI: 77.4%-84.9%) in 1999-2002 to 77.8%
(95% CI: 73.6%-81.4%) in 2015-2018 (P = 0.17 for
linear trend). The proportion with ideal physical
activity levels (=150 minutes per week in
moderate, =75 minutes per week in vigorous,
or =150 minutes per week in combined physical ac-
tivity) was 25.3% (95% CI: 21.6%-29.4%) in 1999-2002
and 22.4% (95% CI: 19.3%-25.9%) in 2015-2018
(P = 0.23 for linear trend). The proportion with an
ideal diet (HEI-2015 score =80) was 1.2% (95% CI:
0.6%-2.4%) in 1999-2002 and 1.3% (95% CI: 0.7%-
2.6%) in 2015-2018 (P = 0.49 for linear trend).
Temporal trends in proportions of ideal risk profiles
between 1999-2002 and 2015-2018 according to CVD
subtypes were largely similar to those in the overall
population (Supplemental Figure 2).

Consistent with risk factor attainment pro-
portions, the age- and sex-adjusted population
means of cardiovascular risk factors are presented in
Supplemental Figure 3. For example, mean HbA,.
increased from 6.0% (95% CI: 5.9%-6.1%) in 1999-
2002 to 6.2% (95% CI: 6.1%-6.3%) in 2015-2018
(P < 0.001 for linear trend) in U.S. adults with CVD.
Mean systolic blood pressure decreased from
132.9 mm Hg (95% CI: 131.0-134.8) in 1999-2002 to
127.3 mm Hg (95% CI: 126.1-128.5) in 2007-2010, then
increased to 131.1 mm Hg (95% CI: 129.0-133.2) in
2015-2018 (P < 0.001 for nonlinear trend). Mean
non-HDL-C levels decreased from 153.3 mg/dL
(95% CI: 147.8-158.8) in 1999-2002 to 133.9 mg/dL
(95% CI: 131.0-136.8) in 2007-2010, then continued
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FIGURE 1 Cardiovascular Risk Profiles Among U.S. Adults With CVD, NHANES 1999-2018
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Poor (black), intermediate (red), and ideal (blue) levels of cardiovascular risk profiles are defined in Supplemental Table 3. All estimates were adjusted for age and sex. (A)
HbA;(, (B) blood pressure, (€) non-HDL-C, (D) body mass index, (E) smoking, (F) physical activity, and (G) diet. CVD = cardiovascular disease; HbA;. = hemoglobin A;;
NHANES = National Health and Nutrition Examination Survey; non-HDL-C = non-high-density lipoprotein cholesterol.

Continued on the next page
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FIGURE 1 Continued
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to decrease, yet at a slower rate, to 125.2 mg/dL
(95% CI: 120.7-129.6) in 2015-2018 (P < 0.001 for
nonlinear trend). In our study, the population-level
distribution of non-HDL-C values shifted lower,
and we observed a significant decline in U.S. adults
with CVD who had non-HDL-C levels =200 mg/dL
from 1999 through 2018 (Supplemental Figure 4).

CARDIOVASCULAR RISK FACTOR PROFILES ACCORDING
TO RACE AND ETHNICITY. Different trends in pro-
portions of ideal risk profiles according to race and
ethnicity were observed in non-HDL-C, smoking, and
physical activity (all P < 0.05 for subgroup homoge-
neity) (Figure 2). The proportion with ideal choles-
terol increased from 6.6% (95% CI: 4.6%-9.2%) in
1999-2002 to 31.3% (95% CI: 25.9%-37.3%) in 2015-
2018 in non-Hispanic White adults (P = 0.003 for
nonlinear trend), and from 15.4% (95% CI: 9.7%-
23.5%) in 1999-2002 to 31.0% (95% CI: 26.3%-36.2%)
in 2015-2018 in non-Hispanic Black adults (P < 0.001
for linear trend). Among Hispanic adults, the pro-
portion with ideal cholesterol improved at a declining
rate (P = 0.002 for nonlinear trend), with a widening
Hispanic-White difference (P = 0.12 in 1999-2002 and
P = 0.048 in 2015-2018). The proportion with an ideal
smoking profile decreased from 70.4% (95% CI:
62.7%-77.0%) in 1999-2002 to 64.2% (95% CI: 55.6%-
72.0%) in 2015-2018 in non-Hispanic Black adults
(P = 0.049 for linear trend) but did not change in
other racial and ethnic subgroups (all P > 0.05 for
linear trend). The proportion with ideal physical
activity levels improved from 10.8% (95% CI: 6.6%-

17.3%) in 1999-2002 t0 22.3% (95% CI: 15.3%-31.4%) in
2015-2018 in Hispanic adults (P = 0.008 for linear
trend) but remained unchanged in non-Hispanic
White and Black adults (all P > 0.05 for linear trend).
In addition, non-Hispanic Black adults with CVD
had a consistently lower proportion of ideal blood
pressure (all P < 0.05 for group differences) compared
with non-Hispanic White adults. Non-Hispanic Asian
adults with CVD had a consistently lower proportion
of an ideal HbA,. profile (all P < 0.05 for group dif-
ferences) but higher proportions of an ideal body
mass index (all P < 0.001 for group differences) and
smoking profile (all P < 0.05 for group differences)
compared with non-Hispanic White adults.

SECONDARY PREVENTION METRIC. The 14-point
secondary prevention metric was persistently sub-
optimal from 1999-2002 through 2015-2018. The age-
and sex-adjusted mean metric increased from 6.6
(95% CI: 6.4-6.9) in 1999-2002 to 7.0 (95% CI: 6.8-7.2)
in 2007-2010, before leveling off at 6.8 (95% CI: 6.6-
7.1) in 2015-2018 (Figure 3). The overall metric was
consistently and significantly lower in non-Hispanic
Black adults with CVD (all P < 0.01 for group differ-
ences) and higher in non-Hispanic Asian adults (all
P < 0.001 for group differences) compared with non-
Hispanic White adults. Trends did not differ by CVD
subtypes (Supplemental Figure 5). In addition, the
overall nonlinear trends in the secondary prevention
metric remained consistent after modeling using
multiple imputations (P for nonlinear trend = 0.038
in multiple imputations vs P for nonlinear
trend = 0.04 in the main analysis).
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FIGURE 2 Trends in Ideal Risk Profiles According to Race/Ethnicity, NHANES 1999-2018
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All estimates were adjusted for age and sex. Trends in non-HDL-C <100 mg/dL (P = 0.003 and P = 0.002 for nonlinear trend in White and Hispanic adults, respectively;
P < 0.001 for linear trend in Black adults); never smoked or quit smoking >1year (P = 0.22, P = 0.049, and P = 0.28 for linear trend in White, Black, and Hispanic adults);
and physical activity (P = 0.17, P= 0.55, and P = 0.008 for linear trend in White, Black, and Hispanic adults). (A) HbA;, (B) blood pressure, (C) non-HDL-C, (D) body mass
index, (E) smoking, (F) physical activity, and (G) diet. Error bars indicate 95% Cls. Abbreviations as in Figure 1.

Continued on the next page
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FIGURE 2 Continued
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DISCUSSION

Building on previous studies from more than a decade
ago and reports in CVD subtypes,®'° our study found
suboptimal secular trends in risk factor profiles in
U.S. adults with self-reported CVD from 1999 through
2018 (Central Illustration). Despite an improvement in
non-HDL-C profiles since 1999, gaps remain in ideal
cholesterol attainment, and profiles in HbA,. and
body mass index have worsened. Blood pressure
profiles improved from 1999 through 2010 and wors-
ened afterward. There were few changes in the pro-
files of smoking, moderate/vigorous physical activity,
and diet in U.S. adults with CVD. In addition,
consistent with individual risk factor analysis, our
composite secondary prevention metric showed a
lack of progress, with persistent racial/ethnic dispar-
ities shown in non-Hispanic Black adults with CVD.
The extent of racial/ethnic inequities in secondary
prevention has remained relatively unchanged over
time. This observation is in contrast with the trends
in the general U.S. population, in which racial/ethnic
disparities in cardiovascular health have shown signs
of improvement from 2000 to 2012.%°

Glucose profiles worsened over time in U.S. adults
with CVD, with only about one-half of the individuals
having ideal HbA,. in the most recent, 2015-2018 cycle
(ie, <7% with a self-reported diagnosis of diabetes
or <5.7% without). Our finding is consistent with the
declining trend in HbA,. control reported in the pri-
mary prevention population.”” The persistently lower
proportion with ideal HbA,. values in Asian adults
with CVD in our study might be attributed to

inconsistent public health efforts directed toward
ending disparities in the diagnosis and management
of diabetes.?®*”

Blood pressure in U.S. adults with CVD improved
after 1999, and then worsened beyond 2010, which
was similar to trends in U.S. adults with hyperten-
sion.?® Public health efforts to promote hypertension
awareness might have contributed to the initial
improvement in blood pressure control from 1999
through 2010.?° Because we analyzed data up to 2018,
the impact from the latest blood pressure recom-
mendations might not yet be reflected. However, in
re-analysis using the previous goal of <140/
90 mm Hg, ~30% of U.S. adults with CVD still had
blood pressure above goal levels in 2015-2018. Dis-
parities in blood pressure profiles in Black individuals
have been reported in the general U.S. population,
and we now document this in adults with CVD.?°
Observed disparities may be attributed to similar
reasons described for individuals without CVD, which
include a lack of adequate hypertension management
for women and worse medication adherence for Black
adults.303?

Non-HDL-C levels improved over the last 2 de-
cades. This is consistent with prior reports that non-
HDL-C and low-density lipoprotein cholesterol
improved among patients with atherosclerotic CVD
from 1999 to 2016.° This is likely due to an increase in
lipid-lowering medication use seen in our study and
reported in other publications.>* The disparities in
non-HDL-C between Hispanic and non-Hispanic
White adults may be due to racial/ethnic differences
in awareness and treatment of dyslipidemia.**
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FIGURE 3 Trends in Mean Secondary Prevention Metric, NHANES 1999-2018
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(A) Overall and (B) by race and ethnicity. All estimates were adjusted for age and sex. Error bars indicate 95% confidence intervals. Abbreviations as in Figure 1.

Ideal profiles of all 4 behavioral risk factors
(smoking profile, body mass index, physical activity,
and diet) either worsened or remained unchanged
from 1999-2002 through 2015-2018. We found that 1in
5 individuals with CVD still currently smoke. A
worsening trend in smoking status was observed in
non-Hispanic Black adults with CVD, which may
reflect the previously reported finding that non-
Hispanic Black adults have more difficulty quitting
smoking compared with other racial/ethnic groups.*®
Body mass index also worsened from 1999 through
2018 in U.S. adults with CVD. Our findings parallel the
increasing obesity trends seen in the general U.S.
population, with Black adults having a significantly
higher body mass index than White adults.>® Around
22% of U.S. adults with CVD met the guideline-
recommended levels of physical activity in 2015-
2018, which is lower than the 25% reported in 1999-
2002, and likely due to an increase in sedentary be-
haviors over time.>” About 1% of adults with CVD had
an ideal diet profile in 2015-2018, and the 20-year
trend remained unchanged, which is similar to the
previous estimates in U.S. adults with stroke.>®

To examine risk factors simultaneously, we created
the secondary prevention metric, in accordance with
the guideline emphasis on comprehensive risk factor
management for patients with CVD.? Our metric may
be used as a monitoring instrument to closely track
progress in secondary prevention but is not proposed
as a prognostic algorithm. Although the 10-year risk
of atherosclerotic CVD improved from 1999-2000

through 2011-2012, then plateaued in the general U.S.
population,” our secondary prevention metric
showed little positive changes from 1999 through
2018. Per secondary prevention guidelines, one
evidence-based approach to comprehensively modi-
fying these risk factors for individuals with CVD is
through cardiovascular rehabilitation.*® However,
cardiovascular rehabilitation is currently underutil-
ized, with only ~20% of eligible patients partici-
pating in in-center rehabilitation programs and even
lower participation rates for older adults, women, and
underserved minority groups. Systematic and inno-
vative approaches to ensure uptake of guideline rec-
ommendations at scale are important for the future of
CVD prevention.

STUDY LIMITATIONS. First, the diagnosis of CVD in
our study was self-reported, which may be subject to
misclassification. Prior studies have shown that self-
reported information has low sensitivity but high
specificity to identify CVD.*° Second, although survey
weights have been incorporated in our modeling to
account for participant nonresponse, response bias
could have affected the composite metric estimates,
with 25% of values missing. Nevertheless, analyses on
the imputed datasets yielded results similar to those
reported in the main analysis. Third, our secondary
prevention metric was not validated to infer clinical
prognosis based on its numeric scale. Fourth, despite
calibrating HbA,. measured by different methods
across survey cycles, residual bias in HbA,. levels
over time is difficult to eliminate. Fifth, the time since
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CENTRAL ILLUSTRATION Trends in Risk Profiles in U.S. Adults With Cardiovascular Disease, 1999 to 2018

A Representative Sample of U.S. Adults With a Self-Reported History of CVD

(N =6,335)

Hemoglobin A, Blood Pressure
« Overall worsening trend ‘ « Overall worsening trend
. 527:? v¥|‘tjh |tc'leal proglg l;HbA1c ' after 2010
<7% if diabetes or o
* 49% with ideal profile (BP
If not)In2015-2018 ‘ <130/80 mm Hg) in 2015-2018
giostprdticlngslaadules « Worst profile in Black adults

 Overall improving trend

* 30% with ideal profile
(non-HDL-C <100 mg/dL)
in 2015-2018

» Overall unchanged

» 78% with ideal profile (never
smoked or quit smoking
>1year) in 2015-2018 ===

» Worsening trend in Black adults

Non-HDL-C

* Worsening trend in Hispanic adults

» Overall worsening trend

* 18% with ideal profile (BMI
<25 kg/m?) in 2015-2018

« No interaction of trends
with race/ethnicity

Moderate or Vigorous

Physical Activity

« Overall worsening trend

* 22% with ideal profile meeting
guideline-recommended levels in
2015-2018

« Improving trend in Hispanic adults

e Overall unchanged

* 1% with ideal profile (HEI
score 280) in 2015-2018

» No interaction of trends
with race/ethnicity

Gao Y, et al. J Am Coll Cardiol. 2022;80(2):126-137.

Each light blue box summarizes the overall trend, proportion with an ideal risk profile in 2015-2018, and any racial/ethnic disparities for the following individual risk
factors: hemoglobin A;, blood pressure, non-high-density lipoprotein cholesterol, body mass index, smoking control, self-reported moderate or vigorous physical
activity, and diet. All estimates were adjusted for age and sex and accounted for the sampling design of the National Health and Nutrition Examination Survey. HbA;. =
hemoglobin A;; HEI = Healthy Eating Index; non-HDL-C = non-high-density lipoprotein cholesterol.
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CVD diagnosis and duration of medication use were
not available in NHANES, precluding investigation
into the impact of initiation or termination of car-
diovascular medications on risk factor management
in patients with CVD. Sixth, because racial/ethnic
information regarding non-Hispanic Asian adults was
only reported starting in 2011-2012, we were unable to
conduct a trends analysis in this subgroup.

CONCLUSIONS

We observed persistently suboptimal cardiovascular
risk factor profiles among U.S. adults with CVD from
1999 through 2018. These data highlight a major gap
in translating secondary prevention guideline rec-
ommendations into practice. Non-Hispanic Black
adults with CVD had worse overall risk profiles
compared with non-Hispanic White adults with CVD,
with little improvement in disparities over time.
These findings serve as an urgent call for innovative
and comprehensive solutions to improve cardiovas-
cular risk factors, promote secondary prevention of
CVD, and advance health equity in U.S. adults with
CVD.
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PERSPECTIVES

COMPETENCY IN SYSTEMS-BASED PRACTICE:
Between 1999 and 2018, adults in the United States
with self-reported CVD exhibited lower blood
cholesterol levels; higher HbA;., blood pressure, and
body mass index; less physical activity; and little
change in diet or smoking control. Over this period,
racial and ethnic disparities in risk factor profiles
persisted.

TRANSLATIONAL OUTLOOK: Fresh approaches to
health care delivery and public health education are
needed to eliminate racial and ethnic disparities and
improve implementation of secondary prevention
guideline recommendations.
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