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BACKGROUND: Although cardiovascular mortality continued declining from 2000 to 2019, the rate of this decrease decelerated.
We aimed to assess the trends and disparities in risk factor control and treatment among US adults with atherosclerotic car-
diovascular disease to find potential causes of the deceleration.

METHODS AND RESULTS: A total of 55,021 participants, aged >20years, from the 1999 to 2018 National Health and Nutrition
Examination Survey were included, of which 5717 were with atherosclerotic cardiovascular disease. Risk factor control was
defined as hemoglobin Alc <7%, blood pressure <140/90mmHg, and non-high-density lipoprotein cholesterol <100mg/dL.
The prevalence of atherosclerotic cardiovascular disease oscillated between 7.3% and 8.9% from 1999 to 2018. A significant
increasing trend was observed in the prevalence of diabetes, obesity, heavy alcohol consumption, and self-reported hyper-
tension within the population with atherosclerotic cardiovascular disease (P,,;<0.001). Non—high-density lipoprotein choles-
terol <100mg/dL increased from 7.1% in 1999 to 2002 to 15.7% in 2003 to 2006, before plateauing. Blood pressure control
(<140/90mmHg) increased until 2011 to 2014, but declined to 70.1% in 2015 t0 2018 (P,,;<0.001, Py 5i,=0.14). Similarly, the
proportion of participants achieving hemoglobin Alc control began to decrease after 2006 (P,;,0i,=0.05, Py,q=0.001). The
percentage of participants achieving all 3 targets increased significantly from 4.5% to 18.6% across 1999 to 2018 (P,,,=0.02),
but the increasing trend decelerated after 2005 to 2006 (P,;,,0,<0.001). Striking disparities in risk factor control and medica-
tion use persisted between sexes, and between different racial and ethnic populations.

CONCLUSIONS: Worsened control of glycemia, blood pressure, obesity, and alcohol consumption, leveled lipid control, and
persistent socioeconomic disparities may be contributing factors to the observed deceleration in decreasing cardiovascular
mortality trends.
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mains the leading cause of morbidity and mortal-
ity worldwide and in the United States.'=3 In 2017,
cardiovascular disease caused 868662 deaths in the
United States, nearly 60% of which were attributable to
coronary heart disease and stroke, the most prevalent
forms of ASCVD.* Although the age-adjusted mortality

Atherosolerotic cardiovascular disease (ASCVD) re-

from cardiovascular disease in the United States has
seen a continued decline from 2000 to 2019, the rate
of this decrease decelerated from 3.7% per year during
2000 to 2011 to a mere 0.7% during 2011 to 2019
Even more concerning, the age-adjusted death rates
increased by 4.1% for heart disease and 4.9% for
stroke from 2019 to 2020.2 This alarming trend calls for
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CLINICAL PERSPECTIVE
What Is New?

¢ |n the population with atherosclerotic cardiovas-
cular disease, we observed a stagnation in the
initial improvements in blood pressure and non—
high-density lipoprotein cholesterol control, a
decline in glycemic control, a deceleration in the
increase of participants achieving all 3 targets
(non-high-density lipoprotein cholesterol, blood
pressure, and glycemic control) after 2005 to
2006 and an increase in the prevalence of diabe-
tes, obesity, and self-reported hypertension from
1999 to 2018, which could be contributing fac-
tors to the decelerated mortality decrease.

e Female and the non-Hispanic Black populations
with atherosclerotic cardiovascular disease had
worse risk factor control and lower treatment
rate.

What Are the Clinical Implications?

e Despite some advancements in risk factor con-
trol and treatment among US adults with ath-
erosclerotic cardiovascular disease, significant
challenges remain, including the need to address
the persistent inequities and disparities in risk
factor control and treatment and rising preva-
lence of obesity and diabetes.

Nonstandard Abbreviations and Acronyms

NHANES National Health and Nutrition
Examination Survey
non-HDL-C non-high-density lipoprotein

cholesterol

immediate action to identify and address the underly-
iNg causes.

The reasons for the deceleration in the decline of
cardiovascular mortality or the recent surge in heart
disease and stroke mortality remain unclear. Previous
studies have linked this unsatisfactory mortality rate
reduction to uncontrolled ASCVD risk factors, such
as a rising prevalence of obesity and diabetes®® and
decreased blood pressure (BP) and glycemic control
among both the general and diabetic populations.®"8
However, most of these studies have not thoroughly
evaluated the treatment and risk factor control among
US adults with ASCVD, a key contributor to ASCVD
mortality. In addition, disparities in cardiovascular mor-
tality persist across sex, racial and ethnic, and socio-
economic groups.* Understanding these disparities
in treatment and risk factor control within populations
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with ASCVD may assist in identifying potential causes
and solutions for these concerning mortality trends.

Therefore, we aimed to evaluate the prevalence of
ASCVD in the United States, assess the trends in risk
factor control and treatment within the population with
ASCVD, and identify subgroups within this population
who exhibit poor treatment adherence and risk factor
control.

METHODS

The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative and continu-
ous cross-sectional study designed to assess the
health and nutritional status of noninstitutional US resi-
dents.® All data and materials have been made publicly
available at the National Center for Health Statistics
website and can be accessed at https:/www.cdc.
gov/nchs/nhanes/index.htm. All data were collected
through in-home interviews and mobile examination
center visits.® In the present study, we analyzed 20-
year data (1999-2018) from NHANES. For the ASCVD
prevalence analysis, all participants aged >20years
(n=55021) were included. For ASCVD risk factor con-
trol and treatment analysis, after excluding 7 pregnant
participants, we included 5717 adults with ASCVD.
The National Center for Health Statistics Institutional
Review Board approved the NHANES study protocols,
and all participants provided written informed consent.

Definitions of ASCVD

We adopted a narrow definition of ASCVD limited by
data availability, including only coronary heart disease
and stroke, following the 2013 American College of
Cardiology/American Heart Association Guidelines.”®
Participants who had been told by physicians or other
health professionals to have coronary heart disease,
angina, heart attack, or stroke were defined as having
diagnosed ASCVD (Table S1), which was referred to as
ASCVD below.

Definitions and Control of Risk Factors

Cardiovascular risk factors,"-'® including alcohol con-
sumption, weight, cholesterol level, BP, and hemoglobin
Alc (HbAlc), were collected at the mobile examination
center. Alcohol consumption was categorized as non-
alcohol consumption, low-moderate consumption (<14
drinks/week for men and <7 drinks/week for women),
and heavy alcohol consumption (>14 drinks/week for
men and >7 drinks/week for women).'® Body mass index
(BMI; kg/m?) was calculated as weight in kilograms di-
vided by height in meters squared and was categorized
into 4 groups: underweight (BMI <18.5 kg/m?), normal
weight (BMI 18.5 to <25 kg/m?), overweight (BMI 25 to
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<30 kg/m?), or obese (BMI =30 kg/m?).> Smoking status
was collected during in-home interview and categorized
as current smoker or not.

Serum lipids were measured using an enzymatic
method. We calculated non-high-density lipoprotein
cholesterol (hon-HDL-C) by subtracting HDL-C from
total cholesterol. Lipid control was defined as non-
HDL-C <100mg/dL or low-density lipoprotein cho-
lesterol (LDL-C) <70mg/dL for established ASCVD
following earlier guidelines.'>'"'® We also analyzed per-
centage of participants with achievement of non—-HDL-C
of <130mg/dL and LDL-C <100 mg/dL.">'® Because of
the small number of participants with LDL-C, we mainly
focused on the non-HDL-C for lipid control to make
more accurate assessments. BP control was defined
as BP <140/90mmHg."'® Self-reported hypertension
was determined by a positive answer to the question
“Have you ever been told by a doctor or other health
professional that you had hypertension, also called
high blood pressure?” Hypertension was defined as
self-reported hypertension, systolic BP >140mmHg,
or diastolic BP >90mmHg.”'® Fasting plasma glucose
was also measured using the enzymatic method and
was calibrated according to the equations provided by
the National Center for Health Statistics as performed
in previous studies.?® Although different equipment or
methods were used over time, calibration of HbA1cC is
not necessary as recommended by NHANES.?" We
set the target for HbAlc control as <7% or second-
arily as <8%.'® Self-reported diabetes was determined
by a positive answer to the question “Have you ever
been told by a doctor or health professional that you
have diabetes or sugar diabetes.” Diabetes was de-
fined as self-reported diabetes, fasting plasma glucose
>126 mg/dL, HbAlc >6.5%, or taking any antidiabetic
agents.>®22 Participants who simultaneously achieved
the goal of HbA1c <7%, BP <140/90 mmHg, and non-
HDL-C <100mg/dL were defined as having all risk fac-
tors controlled. The detailed diagnosis of diseases is
presented in Table S1.

We performed a sensitivity analysis defining hy-
pertension as BP >130/80mmHg or self-reported
hypertension following the 2017 American College of
Cardiology/American Heart Association guideline'
(abbreviated as American Heart Association hyperten-
sion). In addition, in this sensitivity analysis, BP control
was defined as BP <130/80 mmHg.

Medication Use

All participants were asked if they had taken any
prescription medications in the past 30days, and
all medications were converted to standard generic
drug names and the Multum MediSource Lexicon
classification system was used to categorize all
medications according to their therapeutic effect.®23
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The categories of BP-lowering, lipid-lowering, and
glucose-lowering agents are presented in Table S2.

Socioeconomic and Demographic
Characteristics

Age (20-44, 45-64, or >65years), sex (male or female
adults), race and ethnicity (non-Hispanic White popula-
tion, non-Hispanic Black population, Hispanic popula-
tion [including Mexican American and other Hispanic
population], or other race [including Asian American,
American Indian or Alaskan Native, Native Hawaiian
or Pacific Islander, multiple races or ethnicities, or un-
known]), educational level (less than high school, high
school, or more than high school), poverty/income
ratio (<1.3, 1.3-3, or >3),%8 and health insurance (any
or none) were all acquired from questionnaires.

Statistical Analysis

We examined the ASCVD prevalence among US adults
over time and estimated the prevalence of risk factor
control and treatment. To mitigate the impact of small
sample sizes and enhance the accuracy of estimates,
original 2-year cycles were combined into 4-year inter-
vals in the analysis of risk factor control and treatment in
ASCVD.>8 The overall trend of ASCVD prevalence and
risk factor control/medication use rate from 1999 to 2018
were analyzed using logistics regression modeling the
survey cycle as a continuous variable. To exclude po-
tential confounding effects of demographic character-
istics on the trend of risk factor control and medication
use, we conducted a sensitivity analysis by additionally
adjusting for age, sex, and race and ethnicity in the lo-
gistic regression. Joinpoint regression allowing 1 join-
point was used to identify whether a change (joinpoint)
in the trend occurred, with P,,>0.05 indicating no
joinpoint and thus a linearity association. To account for
multiple comparisons in joinpoint regression, 2-tailed
tests with Bonferroni-corrected significance levels were
used.>?* In analysis of potential disparities in medication
use and risk factor control among different population
subgroups with ASCVD, logistic regression adjusting for
age, sex, racial and ethnic group, educational level, fam-
ily income, insurance, and BMI was used to estimate
the odds ratio (OR) with 95% CI for different popula-
tion subgroups. For all analyses, a 2-tailed P<0.05 was
considered statistically significant. To ensure nationally
representative estimates, we performed all analyses
using appropriate NHANES sampling weights. All analy-
ses were conducted using R software, version 4.1.2 (R
Core Team, Vienna, Austria), SPSS Statistics, version
27 (IBM Corp, Armonk, NY), and Joinpoint Regression
Program, version 4.5.0.1 (Statistical Methodology and
Applications Branch, Surveillance Research Program,
National Cancer Institute).
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RESULTS

Of the 55021 adults, 48.0% were men, 67.9% were
non-Hispanic White population, 11.3% were non-
Hispanic Black population, 13.8% were Hispanic pop-
ulation, and the average age was 47.03+0.17 years.

From 1999 to 2018, the secular trend of the
ASCVD prevalence among US adults was stable and
ranged from 7.3% 10 8.9% (Py,q=0.60, Pyg;0i=0.27)
(Figure 1A, Table S3). Characteristics of US adults with
ASCVD are presented in Table S4.

Among US adults with ASCVD, the prevalence of
both diabetes (from 21.4% to 38.0%) and self-reported
diabetes (from 20.3% to 35.2%) increased significantly
from 1999 to 2002 to 2015 to 2018 (P,,q<0.001)
(Figure 1C). The prevalence of self-reported hyper-
tension also increased from 61.8% in 1999 to 2002
to 72.5% in 2015 to 2018 (P,,q=0.001); however, no
significant increase of the prevalence of hypertension
(Pyeng=0.36) or the strict American Heart Association
hypertension (P,.,q=0.09) was observed (Figure 1B).

tren

Trends in ASCVD Risk Factor Control
Among Participants With ASCVD

As shown in Table 1, the percentage of participants
in whom non-HDL-C control <100mg/dL increased
from 71% (95% CI, 5.4%-9.2%) in 1999 to 2002 to
15.7% (95% ClI, 12.5%-19.5%) in 2003 to 2006, and
then leveled off (P.,=0.01, Py0n<0.001; Table 1,
Table S5, Figure S1A). Similar trends were observed
for non-HDL-C control <130mg/dL, LDL-C control
<100mg/dL, and LDL-C control <70mg/dL, although
test for joinpoint of LDL-C control <70mg/dL was not
statistically significant (Table 1). Decreasing trend of
average non-HDL-C levels among participants with
ASCVD also slowed down after 2006 (Figure S2A).
The percentage of participants with ASCVD who
achieved BP control <140/90mmHg increased from
62.6% (95% CI, 58.2%-66.8%) in 1999 to 2002 to
741% (95% Cl, 70.4%-77.4%) in 2011 to 2014, and
then slightly decreased to 70.1% (95% CI, 65.8%-—
741%) in 2015 to 2018 (Pyq<0.001, P00 =0.14;
Table 1, Table S5, Figure S1B). Similar trends were
observed for BP control <130/80mmHg (Table 1,
Table S5, Figure S1B). Consistently, the average
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systolic and diastolic BP decreased from 1999 to 2014
and then began to increase among adults with ASCVD
(Figure S2B, S2C).

The proportion of HbAlc control <7% among par-
ticipants with ASCVD increased from 87.4% (95%
Cl, 84.9%-89.5%) in 1999 to 2002 to 89.6% (95%
Cl, 86.8%-91.9%) in 2003 to 2006 and then de-
creased to 81.7% (95% Cl, 77.6%-85.2%) in 2015 to
2018 (P inpoin=0-05, Py,q=0.001; Table 1, Table S5,
Figure S1C). Identical trends were observed for HbA1c
control <8%, HbAlc control <7%, and HbAl1c control
<8% in participants complicated with self-reported di-
abetes (Table 1, Table S5, Figure S1C). Accordingly, an
abrupt increase of average HbA1c level among all par-
ticipants with ASCVD was observed in 2007 to 2008
(Figure S2D).

The proportion of adults with ASCVD who simul-
taneously achieved HbAlc <7%, BP <140/90mm
Hg, and non-HDL-C <100 mg/dL increased signifi-
cantly from 4.5% (95% ClI, 3.0%—6.7%) to 18.6% (95%
Cl, 14.8%-23.2%) from 1999 to 2018 (P,4,q<0.001)
(Table 1), but the increasing trend slowed down after
2005 to 2006 (Figure 2, Figure S1D; Pi0n=0.02),
and even began to decrease after 2013 (Figure S1D).
Notably, as shown in Figure 2, the percentage of fe-
male adults who achieved all control for 3 risk factors
was much lower than that in male adults across 1999
to 2018, with only 13.6% female adults versus 22.6%
male adults having all 3 risk factors controlled in 2015
to 2018 (Figure 2).

In US adults with ASCVD, prevalence of obesity
(Pirena=0-08, Piinn0in=0.70) and heavy alcohol con-
sumption  (P,,4<0.001, P;.,0,=0.06) increased lin-
early from 39.9% (95% Cl, 35.2%-44.7%) and 15.7%
(11.8%—-20.4%) to 50.2% (95% ClI, 45.7%-54.8%) and
28.4% (95% Cl, 22.8%-34.9%), respectively, from 1999
to 2018, but prevalence of current smokers remained
stable across 1999 to 2018 (P,,;=0.19, P, =0.55)
(Table 1, Figure S3).

In sensitivity analysis adjusting for age, sex, and
race and ethnicity on trend of risk factor control, similar
to the unadjusted model, all changes were statistically
significant (Py,n<0.05) except for HoAlc <8%, HbAlc
<8% in those with self-reported diabetes, and current
smokers (Py,,>0.05).

oinpoint

tren

Figure 1.
participants with atherosclerotic cardiovascular diseases.

Prevalence of atherosclerotic cardiovascular diseases among US adults and risk factor prevalence among

A, Atherosclerotic cardiovascular disease prevalence. B, Prevalence of hypertension among US adults with atherosclerotic
cardiovascular diseases. C, Prevalence of diabetes among US adults with atherosclerotic cardiovascular diseases 1999 to 2018.
Shaded areas indicate 95% Cls. Hypertension was defined as self-reported hypertension, blood pressure >140/90 mmHg, or use of any
antihypertensive agents. American Heart Association (AHA) hypertension was defined as self-reported hypertension, blood pressure
>130/80mmHg, or use of any antihypertensive agents. Diabetes was defined as self-reported diabetes, a fasting plasma glucose level
of >126 mg/dL, hemoglobin Alc level of >6.5%, or taking any antidiabetic agents. P trend was analyzed using logistics regression
modeling the survey cycle as a continuous variable. P joinpoint was analyzed using joinpoint regression, and statistical significance of

the joinpoint was tested using the Monte Carlo permutation method.
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Trends in ASCVD Treatment

Trends in the use of any lipid-lowering agents were
nonlinear (Py;,0i=0.005), increasing from 41.8% (95%
Cl, 37.6%-46.2%) in 1999 to 2002 to 66.7% (95%
Cl, 62.4%-70.8%) in 2011 to 2014, and then leveled
off (Table 2). A similar trend was observed with statin
USe (Piyinpoin<0-001; Table 2, Table S6). Although the

percentage of participants with self-reported hyperten-
sion increased significantly over the past 20years, the
use of any antihypertensive agents among all adults
with ASCVD or among those also with self-reported hy-
pertension did not increase (Py,4>0.05, Py 00>0.05;
Table 2, Table S6). The use of angiotensin-converting
enzyme inhibitors/angiotensin  receptor blockers,
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Table 1. Risk Factor Control Among US Adults With ASCVD, 1999 to 2002 to 2015 to 2018, Weighted

Adults with ASCVD, % (95% CI)*

1999-2002 2003-2006 2007-2010 2011-2014 2015-2018
Risk factor control (n=1096) (n=1129) (n=1246) (n=1049) (n=1197) Pioi"m,im'r Pirendt
LDL-C <70mg/dL 6.9 (4.4-10.8) 14.2 (10.7-18.7) | 17.8 (14.5-21.5) |21.0 (17.7-24.6) | 24.6 (19.0-31.2) | 0.42 <0.001
LDL-C <100 mg/dL 30.7 (23.7-88.7) | 46.2 (39.2-53.4) | 54.8 (50.0-59.4) | 59.2 (51.4-66.4) | 58.7 (53.3-63.9) | 0.01 <0.001
Non-HDL-C <100mg/dL 7.1 (6.4-9.2) 16.7 (12.56-19.5) | 22.5(19.8-25.3) | 27.3 (23.1-31.8) | 30.9 (25.9-36.3) | 0.01 <0.001
Non-HDL-C <130mg/dL 30.1 (24.9-35.9) | 42.7 (38.3-47.2) |55 (51.8-58.2) | 55.2 (51.9-58.4) | 58.3 (54.0-62.5) | 0.02 <0.001
BP <130/80 mmHg 41.4 (36.6-46.3) | 42.7 (38.0-47.5) | 50.1 (46.4-53.9) | 52.6 (48.5-56.8) | 49.5 (44.9-54.2) | 0.04 <0.001
BP <140/90 mmHg 62.6 (58.2-66.8) | 64.1 (59.5-68.4) | 71.9 (69.0-74.7) | 741 (70.4-77.4) | 70.1 (65.8-74.1) | 0.14 <0.001
HbATC <7% 87.4 (84.9-89.5) | 89.6 (86.8-91.9) | 86.1 (82.9-88.8) | 84.2 (80.3-87.5) | 81.7 (77.6-85.2) | 0.05 0.001
HbATC <7% in those with self-reported | 46.5 (38.3-54.9) | 63.3 (55.1-70.8) | 55.1 (48.1-62.0) | 49.7 (39.7-59.6) | 51.5 (42.5-60.4) | 0.07 0.009
diabetes
HbA1c <8% 92.6 (90.4-94.3) | 95.4 (94.0-96.5) | 93.5 (91.3-95.1) | 91.2 (87.5-93.8) | 93.3 (90.8-95.1) | 0.05 0.51
HbA1c <8% in those with self-reported | 68.2 (59.6-75.7) | 83.4 (78.6-87.3) | 78.1 (71.9-83.3) | 70.8 (60.3-79.4) | 81.7 (74.8-87.0) | 0.09 0.32
diabetes
Obesity 39.9 (35.2-44.7) | 40.4 (36.9-43.9) | 44.8 (41.9-47.7) | 44.9 (40.4-49.5) | 50.2 (45.7-54.8) | 0.70 <0.001
Current smoker 20.1 (16.3-24.5) | 21.9 (19.1-24.9) | 19.8 (16.2-23.8) | 23.1 (19.7-26.8) | 22.9 (18.7-27.8) | 0.91 0.55
Heavy alcohol consumption 15.7 (11.8-20.4) | 17.8 (14.8-21.1) | 16.4 (14.1-19.1) | 19.4 (15.7-23.7) | 28.4 (22.8-34.9) | 0.06 <0.001
All controlled$ 45 (3.0-6.7) 9.4 (7.3-12.0) 14.8 (12.5-17.5) | 18.4 (15.1-22.2) | 18.6 (14.8-23.2) | 0.02 <0.001

ASCVD indicates atherosclerotic cardiovascular disease; BP, blood pressure; HbA1c, hemoglobin Atc; LDL-C, low-density lipoprotein cholesterol; and Non-
HDL-C, non-high-density lipoprotein cholesterol (calculate as total cholesterol minus HDL-C).

*National Health and Nutrition Examination Survey weights were adjusted to generate nationally representative percentages.

fJoinpoint regression was used to identify whether 1 joinpoint occurred, and statistical significance of the joinpoint was tested using the Monte Carlo

permutation method.

*The overall trend of risk factor control from 1999 to 2018 was analyzed using logistics regression modeling the survey cycle as a continuous variable.
SAll controlled was defined as HbA1c <7%, BP <140/90mmHg, and non-HDL <100 mg/dL.

B-blockers, and diuretics all increased significantly
before 2006; subsequently, the use of angiotensin-
converting enzyme inhibitors/angiotensin receptor
blockers and B-blockers plateaued, whereas diuretic
use decreased (Table 2, Table S6). The use of cal-
cium channel blockers decreased linearly over the
past 20years (Py,q=0.006, P.0i=0.66). Along with
the increasing prevalence of diabetes, the use of any
antidiabetic agents among those with ASCVD also
increased (P<0.001). Notably, antidiabetic agent use
among participants with self-reported diabetes in-
creased from 74.5% (95% Cl, 66.5%-81.2%) in 1999
to 2002 to 86.0% (95% ClI, 81.4%-89.5%) in 2007 to
2010, but then decreased to 80.7% (95% ClI, 73.9%—
86.1%) in 2015 10 2018 (Py,00i=0.004, Py,4<0.001).
Clopidogrel use increased from 4.2% in 1999 to
2002 to 14.9% in 2003 to 2006 and then leveled off

(Pioinpoint<0-001).

Disparities in Risk Control and Medication
Use Among Participants With ASCVD

Disparities in risk factor control and treatment were
observed between different populations. As shown
in Table 3 and Table S7, men were more likely to
achieve the target of all risk factor control (ie, HbA1c
<7%, BP <140/90mmHg, and non-HDL-C <100mg/
dL) (OR, 1.68 [95% ClI, 1.30-2.16]) or use statins (OR,
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1.74 [95% Cl, 1.47-2.70]) than women. Compared with
the non-Hispanic White population, the non-Hispanic
Black population was less likely to achieve the BP tar-
gets (<140/90mmHg; OR, 0.51 [95% ClI, 0.41-0.62)),
and less likely to use statins (OR, 0.75 [95% CI,
0.61-0.93]), but more likely to have non-HDL-C con-
trolled <100 mg/dL (OR, 1.56 [95% ClI, 1.25-1.95]). The
Hispanic population (OR, 0.53 [95% CI, 0.40-0.70Q))
and the non-Hispanic Black population (OR, 0.60 [95%
Cl, 0.47-0.75]) were less likely to achieve glycemic con-
trol of HbAlc <7% than the non-Hispanic White popu-
lation. Participants with insurance and higher income
were more likely to use statins. Unexpectedly, middle-
aged adults with ASCVD were less likely to have all
risk factors controlled compared with younger adults
(Table 3).

DISCUSSION

In this nationally representative analysis, we did not ob-
serve significant increases in the prevalence of ASCVD
among US adults from 1999 to 2018. Nevertheless,
risk factor control or medication use among those
with ASCVD plateaued or even worsened mostly after
2005 to 2006, around 2007 to 2010. Only 18.6% of
US adults with ASCVD simultaneously achieved non—
HDL-C <100mg/dL, hemoglobin Alc <7%, and BP
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Figure 2. Trend of all risk factors control (hemoglobin Alc <7%, blood pressure <140/90mmHg,
and non-high-density lipoprotein cholesterol <100mg/dL) among US adults with atherosclerotic

cardiovascular disease.

Shaded areas indicate 95% Cls. Diagnosed atherosclerotic cardiovascular disease was defined as self-
reported coronary heart disease, angina, heart attack, or stroke. P trend was analyzed using logistics
regression modeling the survey cycle as a continuous variable. P joinpoint was analyzed using joinpoint
regression, and statistical significance of the joinpoint was tested using the Monte Carlo permutation

method.

<140/90mmHg in 2015 to 2018. Striking disparities
in risk factor control and medication use persisted
between male and female adults, and between non-
Hispanic Black and non-Hispanic White populations.
Lipid control is especially critical for ASCVD in pre-
venting recurrent cardiovascular events. A log-linear
association between LDL-C and cardiovascular events
has been observed, with a 10% reduction of all-cause
mortality associated with each 1.0-mmol/L or 38.7-mg/
dL reduction in LDL-C.?® However, in the present anal-
ysis, we found that after an initial sharp increase in lipid
control, the percentage of participants with controlled
lipid profiles leveled off after 2006. In 2015 to 2018,
only 30.9% and 58.3% adults with ASCVD achieved
non-HDL-C control of <100and <130mg/dL, respec-
tively, and only 63.3% were using lipid-lowering agents.
Controversy over the risk-benefit balance of intensive
cholesterol control might contribute to the plateau. In
2007, Alsheikh-Ali et al reported in a meta-analysis of
23 trials that cancer incidence was associated with
lower achieved LDL-C levels,?® which provoked great
dispute over safety of intensive cholesterol control.

J Am Heart Assoc. 2024;13:e032527. DOI: 10.1161/JAHA.123.032527

Although a larger meta-analysis conducted later by the
Cholesterol Treatment Trialists’ Collaborators showed
no such association, safety concerns persist, which
may conceivably be related to the slight decline in
lipid-lowering medication or statin use after 2011 to
2014.27?8 |n addition, clinicians or participants might
also be concerned by the low absolute benefit over
intensive cholesterol control.?®

Consistent with previous findings on BP control
among general US adults,” we found that although
the awareness (self-reported hypertension) of hyper-
tension among US adults with ASCVD improved over
the years, the BP control rate stalled around 2013 to
2014 and slightly decreased thereafter, which may re-
sult from the guidelines published by the eighth Joint
National Committee in 2013 advising higher BP goals
for some adults.®® In the present analysis, we found
that the prevalence of diabetes among US adults with
ASCVD almost doubled from 1999 to 2002 to 2015
to 2018, in line with a previous study among general
adults.®' We also found that glycemic control wors-
ened after 2006 among participants with both ASCVD
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Table 2. Medication Use in Adult NHANES Participants With ASCVD, 1999 to 2002 to 2015 to 2018, Weighted

Adults with ASCVD, % (95% CI)*
1999-2002 2003-2006 2007-2010 2011-2014 2015-2018
Treatment (n=1096) (n=1129) (n=1246) (n=1049) (n=1197) P juinpoint! | P tona®
>1 Lipid-lowering agents 41.8 (37.6-46.2) | 49.7 (45.6-53.9) | 58.6 (65.1-62.1) |66.7 (62.4-70.8) | 63.3 (68.3-68.1) | 0.005 <0.001
Statin 38.8 (34.6-43.2) | 45.5 (41.3—-49.8) | 54.5 (51.2-57.7) |64.2 (60.1-68.1) | 61.1 (656.0-65.9) |0.01 <0.001
Ezetimibe 5.0 (2.9-8.4) 9.4 (7.3-11.9) 4.3 (2.8-6.5) 2.5 (1.6-4.1)
>1 Antihypertensive agents 74.2 (69.9-78.2) | 76 (71.1-80.2) 77.3 (74.5-79.9) |78.4 (74.6-81.7) | 78.8 (75.7-81.7) 0.38 0.06
ACEI/ARB 34.2 (30.1-38.5) | 45 (41.4-48.7) 50.4 (47.5-53.3) | 51.6 (47.3-55.8) | 50.5 (46.4-54.5) |0.003 <0.001
B-Blocker 33.3(29.2-37.7) | 45.2 (40.8-49.7) | 49.8 (46.5-53) 46.9 (43.1-50.7) | 51.8 (47.6-55.9) | 0.05 <0 0.001
CCB 28.1 (24.3-32.2) |25 (21.9-28.4) 23 (20.4-25.7) 23.4 (20.4-26.7) | 20.4 (16.8-24.6) | 0.66 0.006
Diuretics 321 (27.9-36.5) |37.2 (33.1-41.5) |36.8(33.3-40.5) | 30.5 (26.5-34.9) | 28.7 (24.7-33.2) | 0.002 0.02
>1 Antihypertensive agents 87.0 (83.5-89.8) |88.0(84.0-91.2) | 88.4 (84.7-91.3) |89.3(85.9-92.0) | 89.8 (86.4-92.5) |0.57 0.23
in those with self-reported
hypertension
>1 Antidiabetic agents 16.0 (13.4-19.1) | 20.1 (16.8-23.7) | 24.8 (22-27.9) 271 (283.2-31.3) |29.5(26.7-32.5) |0.23 <0.001
Insulin 4.4 (2.9-6.8) 5.7 (4-8) 7.3 (6.6-9.4) 10.2 (8.2-12.7) | 9.6 (7.9-11.6) 0.20 <0.001
Metformin 5.6 (4.3-7.2) 10.1 (8-12.6) 13.4 (11.3-15.8) | 15.4 (12.6-18.6) | 18.9 (16.1-22.1) 013 <0 0.001
Sulfonylureas 8.8 (7.3-10.6) 10.1 (8.1-12.5) 12.6 (10.8-14.7) | 10.4 (8-13.5) 9.6 (7.9-11.5) 0.27 0.68
Dipeptidyl peptidase 4 inhibitor 1.6 (0.8-3) 3.6 (2.4-5.9) 4.3(2.9-6.2)
Thiazolidinedione 1.9 (1.1-3.2) 6.5 (5.1-8.3) 51 (3.5-7.2) 1.8 (0.9-3.6) 1.5(0.6-3.9) 0.005 0.002
SGLT2 inhibitor or GLP-1 0.2 (0-1.2) 0.03 (0.004-0.2) | 1.1 (0.5-2.1) 3.1 (1.9-5.1)
>1 Antidiabetic agents in those 74.5 (66.5-81.2) | 75.0 (66.4-82.0) | 86.0 (81.4-89.5) |85.3 (79.5-89.7) | 80.7 (73.9-86.1) | 0.004 <0.001
with self-reported diabetes
Aspirin among those aged 63.5 (69.4-67.5) | 65.5 (60.5-70.3)
240y
Clopidogrel 4.2 (3.3-5.4) 14.9 (11.9-18.5) | 17 (14.2-20.4) 16.9 (13.9-20.4) | 17.5 (14.3-21.2) <0.001 <0.001
Prasugrel 0.2 (0.0-1.5) 1.4 (0.5-3.6) 0.4 (0.1-1.4)

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease; CCB, calcium
channel blocker; GLP-1, glucagon-like peptide-1; NHANES, National Health and Nutrition Examination Survey; and SGLT2, sodium-dependent glucose

transporter 2.

*NHANES weights were adjusted to generate nationally representative percentages.
fJoinpoint regression was used to identify whether 1 joinpoint occurred, and statistical significance of the joinpoint was tested using the Monte Carlo

permutation method.

*The overall trend of risk factor control from 1999 to 2018 was analyzed using logistics regression modeling the survey cycle as a continuous variable.
SThe aspirin data were presented from 2011 to 2012, because low-dose aspirin is usually an over-the-counter medication in the United States and prescription
aspirin use collected in the prescription medication data files before the 2011 to 2012 cycle was mainly to assess aspirin therapy in arthritis and musculoskeletal

use or to assess general analgesic use prevalence.

and diabetes, which may be attributed to 3 major trials
demonstrating that no cardiovascular benefit but in-
creased risk of hypoglycemia was observed with inten-
sive glycemic control (HbA1c <6.0% or <6.5%) in 2008
and 2009.%2-3* Concurrently, antidiabetic medication
use among participants with diabetes and ASCVD de-
clined since 2009 to 2010.

Striking disparities in risk factor control and med-
ication use among different population groups were
observed in the present analysis, especially between
male and female adults and between non-Hispanic
Black and White populations. In the present analy-
sis, we found female adults with ASCVD were much
less likely to receive statin therapy and less likely to
have all risk factors controlled, which is in accordance
with previous findings.®>% This could potentially be
attributed to sex biases in health care, where female

J Am Heart Assoc. 2024;13:e032527. DOI: 10.1161/JAHA.123.032527

adults’ symptoms are often underrecognized or mis-
diagnosed. Therefore, more attention and strategies
are needed to resolve the sex disparities in ASCVD
management, which may potentially further reduce
overall mortality rate from cardiovascular disease.
Similarly, the non-Hispanic Black population showed
lower likelihood of achieving blood pressure and gly-
cemic control targets compared with the non-Hispanic
White population. This suggests that racial and ethnic
disparities in health care persist, possibly attributable
to factors such as lower health care access, linguistic
barriers, and cultural differences in health-seeking be-
haviors. Our findings that participants with insurance
and higher income were more likely to use statins also
underscore the role of socioeconomic status in mod-
ulating cardiovascular risk status. These findings may
partially explain the higher age-adjusted cardiovascular
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Table 3. Adjusted ORs (95% Cls) for Medication Use and Risk Factor Control Among US Adults With ASCVD, Weighted

Use of All controlled
antihypertensive | Use of (BP
agents among antidiabetic <140/90mmHg,
those with in those with non-HDL-C
self-reported self-reported | <100 mg/dL, Non-HDL-C BP
Socioeconomic Use of statin hypertension diabetes HbAlc <7%) <100mg/dL <140/90mmHg |HbAlc <7%
subgroups (n=2897)* (n=3642)* (n=1435)* (n=627)* (n=1076)* (n=3269)* (n=4189)*
Sex
Female adults Reference Reference Reference Reference Reference Reference Reference
Male adults 1.74 (1.47-2.70) 1.01 (0.73-1.40) | 1.47 (0.94-2.28) |1.68 (1.30-2.16) |1.47 (1.19-1.8) 1.56 (1.33-1.82) |0.65 (0.52-0.83)
Race and ethnicity®
Non-Hispanic Reference Reference Reference Reference Reference Reference Reference
White population
Hispanic population |0.84 (0.66-1.05) |0.59 (0.41-0.86) |0.97 (0.60-1.56) |0.88 (0.62-1.24) |1.11 (0.85-1.46) |0.89 (0.69-1.15) |0.53 (0.40-0.70)
Non-Hispanic 0.75(0.61-0.93) ]0.87 (0.63-1.21) |1.05(0.68-1.62) |1.03 (0.76-1.38) |1.56 (1.25-1.94) |0.51 (0.41-0.62) |0.60 (0.47-0.75)
Black population
Other population 1.59 (1.15-2.22) 1.65 (0.85-3.20) |0.84 (0.38-1.88) |0.94 (0.57-1.54) |1.24 (0.85-1.82) |1.09 (0.79-1.52) |0.59 (0.38-0.93)
Education
Less than high Reference Reference Reference Reference Reference Reference Reference
school
High school 1.33 (1.90-1.62) 1.37 (0.90-2.07) |1.01 (0.61-1.69) |1.25(0.92-1.71) |1.43 (1.14-1.80) |0.94 (0.76-1.18) |1.28 (0.96-1.72)
More than high 1.50 (0.86-1.29) |0.80 (0.56-1.14) 0.61 (0.37-1.00) |1.68(1.31-2.16) |1.55 (1.26-1.92) |1.03 (0.85-1.25) |2.01 (1.54-2.65)
school
Insurance
No Reference Reference Reference Reference Reference Reference Reference
Yes 2.34 (1.61-3.39) |3.13 (2.15-4.56) |1.00 (0.51-1.97) [1.42(0.81-2.51) |1.42 (0.87-2.30) |1.27 (0.92-1.74) |1.01 (0.66-1.56)
Age groups, y
20-44 Reference Reference Reference Reference Reference Reference Reference
45-64 4.35(3.30-6.23) |3.39 (212-5.43) |3.73 (1.75-7.96) |0.59 (0.37-0.93) |0.79 (0.52-1.22) |0.50 (0.34-0.73) |0.42 (0.23-0.74)
>65 6.21 (4.27-9.40) |7.14 (4.50-11.36) |4.20(1.99-8.87) |1.00 (0.65-1.55) |1.7 (1.15-2.53) |0.25 (0.17-0.38) |0.39 (0.22-0.69)
Poverty/income ratio*
<1.3 Reference Reference Reference Reference Reference Reference Reference
1.3t0 <3 1.24 (1.40-1.48) 1.28 (0.91-1.79) 0.84 (0.55-1.28) |1.12 (0.86-1.46) |1.13(0.91-1.39) |1.11 (0.93-1.33) |0.89 (0.70-1.14)
>3 1.83 (1.52-2.19) 1.562 (0.98-2.36) |1.25(0.73-2.14) |1.35(1.2-1.79) 1.33 (1.4-1.7) 1.35 (1.10-1.66) |0.94 (0.68-1.30)
BMI categories, kg/m?
<18.5 0.59 (0.22-1.62) |1.11 (0.32-3.78) 1.28 (0.24-6.92) |2.15 (0.77-6.40) |1.95 (0.81-4.67) |0.99 (0.50-1.97) |1.73 (0.51-5.84)
18.51t0 <25 Reference Reference Reference Reference Reference Reference Reference
25 t0 <30 1.34 (1.50-1.72) 1.08 (0.70-1.67) 0.94 (0.55-1.62) |0.88 (0.64-1.21) |0.71 (0.54-0.93) |1.11 (0.88-1.40) |0.73 (0.50-1.07)
>30 1.48 (1.17-1.88) 1.76 (1.11-2.77) 1.48 (0.85-2.58) |0.65 (0.45-0.95) |0.65 (0.49-0.86) | 1.14 (0.92-1.40) |0.22 (0.15-0.33)

ASCVD indicates atherosclerotic cardiovascular disease; BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin Alc; non-HDL-C, non-high-density
lipoprotein cholesterol (calculated as total cholesterol minus HDL-C); and OR, odds ratio.
*ORs with 95% Cls were adjusted for age, sex, racial and ethnic group, educational level, family income, insurance, and weight status.
fRace and ethnicity was determined by self-report in fixed categories. Other race included Asian American, American Indian or Alaskan Native, Native
Hawaiian or Pacific Islander, multiple races or ethnicities, or unknown.
*Ratio of family income/federal poverty threshold in a particular year. A higher poverty/income ratio corresponds to a higher level of family income.

mortality for Black adults compared with their White
counterparts.®” Thus, strategies are urgently needed
to address the racial and ethnic disparities in risk fac-
tor control and treatment. Finally, the unexpected ob-
servation that middle-aged adults with ASCVD were
less likely to have all risk factors controlled compared
with younger adults is concerning and warrants further
investigation as younger adults with ASCVD or diabe-
tes usually had greater risk of all-cause and cardio-
vascular mortality,38%° It may suggest gaps in health
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care delivery or differing health behaviors among dif-
ferent age groups. Further research is needed to bet-
ter understand these disparities and develop targeted
interventions.

The alarmingly low risk factor control rate, the in-
creasing prevalence of obesity, heavy alcohol con-
sumption, and the observed disparities in ASCVD
management between different socioeconomic sub-
groups, especially male and female adults and non-
Hispanic Black and White populations, may inform



Lietal

policy makers and health care professionals to take
action to bridge these gaps to further reduce the car-
diovascular disease mortality.

Study Limitations

Severallimitations should be noted for the present studly.
First, we did not use the combined data set NHANES
2017 to March 2020 cycle to get the 2017 to 2020
data on ASCVD management, as the survey units and
survey weights of NHANES 2017 to March 2020 were
only designed for the whole population; trend analysis
for population subgroups was not recommended for
this combined data set.*® Second, when analyzing
racial and ethnic disparities, we used the non-Hispanic
White population as the reference group. This approach
could introduce biases as it inherently assumes
that risk factor control in the non-Hispanic White
population is the “norm” or “standard,” which might
not necessarily be the case. Also, this approach might
have overlooked the diversity and heterogeneity within
the non-Hispanic White group itself. Third, the results
of our findings could be confounded by unmeasured
factors, as although NHANES is a rich source of data,
it does not capture all potential confounding variables.
Fourth, some of our subgroup analyses (eg, those
with BMI of <18.5kg/m? might be underpowered,
and thus should be interpreted with caution. Another
potential limitation is the validity of the collected data.
Although NHANES is a well-established and validated
survey, the possibility of measurement errors or biases
cannot be excluded. For instance, when collecting
data on sex information, surveyors were instructed to
ask about gender “if not obvious,™! instead of asking
the participants about their sex at birth. This approach
could misclassify participants and introduce bias to
the observed sex difference. Additionally, although
NHANES is a national representative survey of the
United States, its findings may not be generalizable
to other countries with different health systems and
population characteristics. Finally, we were unable to
assess the prevalence of aspirin, or any antiplatelet
medication use over the past 20years, because low-
dose aspirin is usually an over-the-counter medication
in the United States.

CONCLUSIONS

Worsened glycemic, BP, obesity, and alcohol con-
sumption control, the plateau of lipid control, and socio-
economic disparities in risk factor control and treatment
might contribute to the deceleration in the cardiovas-
cular mortality decline. The socioeconomic disparities
underscore the need for tailored interventions to im-
prove cardiovascular health across these demographic
groups.
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