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ARTICLE INFO ABSTRACT

Key words: Objectives: Trends in prevalence and treatments of atherosclerotic cardiovascular disease (ASCVD) remains to be
prevalence documented, with frequent update of relevant guidelines. We aimed to characterize trends in prevalence of
blood pressure ASCVD, and risk factor control and medications among ASCVD adults.

hlpul Sose Methods: We conducted a cross-sectional analysis of data from 55,081 adults in the National Health and Nutrition
Igne dications Examination Surveys (NHANES) 1999-2018.

Resuits: The age-standardized prevalence of ASCVD did not change significantly from 1999-2002 (7.9 %, 95 % CI
7.1 %-8.7 %) to 2015-2018 (7.5 %, CI 6.8 %-8.3 %) (P for trend =0.18), representing an estimated 19.9 million
individuals with ASCVD in 2015-2018. The prevalence of premature ASCVD was 2.0 % (CI, 1.6 %-2.5 %). Over
60.0 % of ASCVD participants were at very-high risk. From 1999-2002 to 2015-2018, the percentage with lipid
control (non-high-density lipoprotein cholesterol <100 mg/dL) increased from 7.0 % (CI, 3.5 %-12.3 %) to 26.4
% (CI, 16.2 %-38.9 %). The percentage with blood-pressure control (<130/80 mmHg) increased from 51.2 %
(CI, 41.0 %-61.3 %) in 1999-2002 to 57.2 % (CI, 48.4 %-65.6 %) in 2011-2014, but then declined to 52.8 % (CI,
44.4 %-81.3 %) in 2015-2018. The percentage with glycemic control (HbAlc <7.0 %) decreased from 95.0 %
(CI, 90.2 %-97.9 %) to 84.0 % (CI, 75.9 %-90.3 %). The percentage who achieved all 3 targets was 18.6 % (CI,
8.2 %-33.8 %) in 2015-2018. The percentage of ASCVD participants who were taking statins increased from
1999-2002 to 2011-2014, but then leveled off. Approximately 60 % of individuals with ASCVD and less than 40
% of those with premature ASCVD were taking statins in 2015-2018. The utilization of blood-pressure-lowering
drugs remained largely constant over time, whereas the use of glucose-lowering drugs increased.

Conclusions: Based on NHANES data from US adults, the estimated prevalence of ASCVD remained relatively
stable between 1999 and 2018. Substantial undertreatment with stains was found in individuals with ASCVD,
and the percentage achieving optimal lipid control was low.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ASCVD, atherosclerotic cardiovascular disease; ARB, angiotensin receptor blocker; BMI, body mass
index; CCB, calcium channel blocker; CHD, coronary heart disease; DPP-4, dipeptidylpeptidase 4; FBG, fasting blood glucose; GLP-1, glucose like peptide-1; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition Examination Surveys; SGLT2, sodium-
glucose co-transporter-2; TC, total cholesterol.
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Central Illustration. Prevalence of ASCVD, risk factor control and medications
among US adults, 1999-2002 to 2015-2018. The age-standardized prevalence
of ASCVD was 7.5 % in 2015-2018, with the prevalence of coronary heart
disease (CHD) doubles that of stroke. Among ASCVD adults, 61.0 % were at
very-high risk. Blood-pressure, lipid, and glycemic control was achieved in
52.8 %, 26.4 % and 84 % of participants respectively, and 18.6 % of ASCVD
participants achieved control of all 3 risk factors in 2015-2018. Trends in
medications among US adults with ASCVD and premature ASCVD, 1999-2002
to 2015-2018, showing a lower percentage of medications in participants with
premature ASCVD.

1. Introduction

Decades of dedicated efforts in primary and secondary prevention
have led to significant declines in cardiovascular (CV) mortality from the
1980s to the 2010s in the United States. Atherosclerotic cardiovascular
disease (ASCVD) continues to be the foremost cause of morbidity and
mortality [1]. Previous studies have estimated the prevalence of car-
diovascular disease, a combination of ASCVD and heart failure [1], but
few have documented the prevalence, especially the trends in the
prevalence of ASCVD, encompassing coronary heart disease (CHD) and
stroke, the top two major contributors to global CV mortality [1]. Over
the past decade, there has been a decrease in the prevalence of dysli-
pidemia and smoking [2]. Concurrently, there has been an increase in
the prevalence of obesity and diabetes in United States [3]. The varying
temporal changes in these risk factors may impact the overall prevalence
of ASCVD.

Additionally, the evolution of risk factor control and medications
might have occurred since the last decade due to frequent updates in
relevant guidelines. For instance, the 2013 ACC/AHA guideline on blood
cholesterol transitioned recommendations from a “low-density lipo-
protein cholesterol (LDL-C) target-based” to a “risk-based” approach [4].
Similarly, the 2017 ACC/AHA guideline of high blood pressure (BP)
lowered the recommended goal to <130/80 mmHg for all adults on
BP-lowering medications [5]. Trends in risk factor control and medica-
tions among ASCVD participants, following these guidelines, remain to
be determined. The recent 2018 ACC/AHA cholesterol management
guideline further categorized patients with ASCVD into those at
very-high risk and not-very-high risk [6]. Patients classified as at
very-high risk have a threefold greater risk for future ASCVD events [7].
However, the proportion and trends of individuals with very-high-risk
ASCVD in the national population of the United States remain unclear.

The objective of this study was to provide nationally representative,
contemporary prevalence of ASCVD, describe trends in prevalence, risk
factor control and medications, overall and across important subgroups,
among adults in the United States from 1999 to 2018.

2. Methods
2.1. Data source and study population

The National Health and Nutrition Examination Surveys (NHANES)
is a series of cross-sectional survey conducted every 2-year since 1999 by
the National Center for Health Statistics of the Centers for Disease
Control and Prevention. Each year, the survey encompasses an
approximately 5000-person nationally representative sample [8]. A
detailed exposition of the study design and methods has been reported
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elsewhere [9]. Ethical approval for the NHANES program was obtained
from the National Center for Health Statistics Ethics Review Board, and
written consent was provided by all participants.

Our study comprised adults aged 20 years or older, excluding preg-
nant individuals, from 10 consecutive NHANES cycles from 1999-2000
to 2017-2018. ASCVD was ascertained through self-reporting, with
participants responding to the questions, “have you ever been told by a
doctor or other health care professional that you had stroke, angina,
myocardial infarction, or coronary heart disease?” Participants were
categorized as having ASCVD if their answer to any of the conditions was
“yes”. This widely employed definition has been previously documented
[10-14]. Very-high-risk ASCVD was defined as either multiple major
ASCVD events or a singular major ASCVD event coupled with multiple
high-risk conditions [15]. Major ASCVD events encompassed recent
angina or coronary heart disease (within one year), a history of
myocardial infarction, and a history of stroke. High-risk conditions
include age >65 years, familial hypercholesterolemia, diabetes mellitus,
hypertension, chronic kidney disease, persistently elevated LDL-C
(>100 mg/dL) despite maximally tolerated statin therapy and ezeti-
mibe, and a history of congestive heart failure. A sensitivity analysis was
also conducted without restricting angina or coronary heart disease to
within one year. Premature ASCVD was defined as the occurrence of
ASCVD events before 45 years of age.

2.2. Risk factors and outcome measures

BP measurements were acquired using a standardized protocol at a
mobile examination center, and the average of all eligible BP readings
were calculated. Hypertension was identified by a self-reported history
of hypertension, current use of BP-lowering medications, or a mean
systolic BP >140 mmHg and/or diastolic BP >90 mmHg during the
examination.

Blood samples were collected during the participant’s examination,
and laboratory tests on these samples were conducted using standard
methods. Extracted data included total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), LDL-C, triglycerides, glycated hemo-
globin (HbAlc), and fasting blood glucose (FBG). Non-HDL-C was
calculated as the difference between TC and HDL-C. Diabetes was
defined by a self-reported history of diabetes, currently use of glucose-
lowering medications, or a FBG >126 mg/dL or a HbAlc >6.5 %.
Hyperlipidemia was defined as a self-reported history of hyperlipidemia
or current use of lipid-lowering medications.

Primary BP control was defined as a BP <130/80 mmHg [5], and
glycemic control as a HbAlc <7.0 % [16]. The U.S. guideline did not
specify target cholesterol levels, but recommended an LDL-C threshold
of 70 mg/dL or a non-HDL-C threshold of 100 mg/dL to consider adding
nonstatins to statin therapy in ASCVD patients [15]. Therefore, primary
lipid control was defined as a non-HDL-C <100 mg/dL. Additionally, we
established BP targets of <140/90 mmHg, non-HDL-C targets of <85
and 130 mg/dL [17]. LDL-C was not set as an outcome of lipid control
because they were only available in a small subset of participants.

2.3. Medications

The utilization of BP-lowering, glucose-lowering and lipid-lowering
medications was assessed through a medication review conducted dur-
ing a home visit. Participants self-reported medication names, and in
some cases, drug containers were presented to the interviewers for
verification. Medications were categorized into therapeutic classes using
the Multum MediSource Lexicon classification system [18]. BP-lowering
medications were categorized as angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARB), beta blockers, cal-
cium channel blockers (CCB), diuretics, alpha blockers, centrally acting
agents, direct vasodilators, renin inhibitors, and others.
Glucose-lowering medications were classified as metformin, sulfonyl-
ureas, thiazolidinediones (TZD), dipeptidylpeptidase 4 (DPP-4)
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inhibitors, glucose like peptide-1 (GLP-1) receptor agonists,
sodium-glucose  co-transporter-2  (SGLT2) inhibitors, insulin,
alpha-glucosidase inhibitors, meglitinides, amylin analogs, and others.
The study examined the number and classes of BP-lowering and
glucose-lowering medications.

2.4. Population subgroups

The analyses were stratified by subgroups based on age (20-44,
45-64, or >65 years), sex (male or female), race and ethnicity (non-
Hispanic white, non-Hispanic black, Mexican American, other Hispanic,
or other/mixed), education (less than high school, high school graduate
or general equivalency diploma, some college, or college graduate or
higher), body mass index (BMI <25 [normal weight], 25-30 [over-
weight], or >30 [obese]), smoking status (current smoker, former
smoker, or never smoked), and family income (income-to-poverty ratio
<1.0, 1.0-2.99, 3.0-4.99, or >5.0). Race and ethnicity were self-
reported, and non-Hispanic Asian was combined with “other race” in
the analysis since it became a separate category from other races only
after 2011. BMI was calculated as the weight in kilograms divided by
height in meters squared. The income to poverty ratio was used to define
the socioeconomic status of the family, accounting for household size.

2.5. Statistical analyses

All analyses accounted for the NHANES complex survey design to
ensure nationally representative estimates following recommended
analytical guidelines, utilizing weights for the interview sample, ex-
amination sample, and fasting subsample appropriately [19]. To
enhance precision and reduce sampling error, two adjacent 2-year cycles
of the continuous NHANES were combined into 4-year intervals [19].
Categorical variables are presented as proportions (95 % CI) and
continuous variables as mean (95 % CI). The proportions or means of
ASCVD, CV risk factors and risk factor control were separately calcu-
lated using data from each of the two 2-year cycles. Stratified analyses
with the aforementioned subgroups were conducted. The analyses were
age-standardized to the 2000 US Census population with the age cate-
gories 20-44 years, 45-64 years, and 65 years or older [20].

The Taylor series (linearization) method was employed to estimate
standard errors, and the Korn and Graubard method was used to esti-
mate the 95 % CI for prevalence [21]. Trends over time were analyzed
with linear regression models for age- and sex-adjusted means and with
logistic regression models for proportions by adding the survey cycle as
a continuous variable [22]. Additionally, Joinpoint regression analyses
were employed to identify trends in log-transformed age-standardized
prevalence between time periods, allowing for 1 joinpoint. The overall
trend was initially estimated with no joinpoint and a Monte Carlo per-
mutation test was used to assess the significance of improvement in
model fit by adding jointpoints. Factors associated with ASCVD and
achieving risk factor control were assessed using multivariate logistic
regression models. To increase statistical power, the proportion of risk
factor control in subgroups were analyzed by combing all 10 year-cycles.
Statistical analyses were performed using Stata software, version 16.0
(StataCorp), Joinpoint Regression Program, version 4.9.1.0 (National
Cancer Institute), and data management was conducted with R statisti-
cal computing software, version 3.5.2 (R Foundation). All reported P
values were based on 2-sided tests, with P <0.05 considered statistically
significant.

3. Results
3.1. Participant characteristics
The study involved 55,081 adults for analysis of ASCVD prevalence

and 5786 adults with ASCVD for analysis of risk factor control and
medications. From 1999 to 2018, the demographic distribution of
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participants with ASCVD, including age, sex, and risk distributions
remained stable. There was an increase in the percentage of ASCVD
participants with other/mixed ethnicity, higher education degree and
BMI (Table S1).

3.2. Trends in prevalence of ascvd

In 2015-2018, the prevalence of ASCVD among US adults was 7.5 %
(95 % CI, 6.8 %-8.3 %), representing an estimated 19.9 million in-
dividuals with ASCVD. Approximately 60.0 % of ASCVD participants
were classified as at very-high risk. The prevalence of premature ASCVD
was 2.0 % (95 % CI, 1.6 %-2.5 %). The prevalence of CHD and stroke
was 5.7 % (95 % CI, 5.0 %-6.5 %) and 2.7 % (95 % CI, 2.4 %-3.1 %),
respectively. Overall prevalence of ASCVD between 1999 and 2018 was
notably higher in older individuals, men, White Americans compared to
Mexican Americans and other Hispanic Americans, individuals with
lower education levels, those with higher BMI, former and current
smoker as opposed to never-smokers, and individuals with lower family
income, all following multivariable adjustment (Table 1 and Table S2).

The prevalence of ASCVD showed no significant change from 1999-
2002 to 2015-2018 (P for trend =0.18). This trend held true for both
very-high-risk and not-very-high-risk ASCVD (P for trend =0.44 and
0.15, respectively), as well as for premature ASCVD, CHD and stroke (P
for trend =0.19, 0.17 and 0.81, respectively) (Fig. 1). When CHD events
were not restricted to within one year, 8.7 % of adults with ASCVD
experienced multiple ASCVD events, 61.4 % had one ASCVD event and
multiple high-risk conditions, and 9.3 % had one ASCVD event but no
high-risk conditions in 2015-2018 (Figure S1). The percentage of
ASCVD participants with multiple high-risk conditions or multiple
events increased after 2007-2010 (Figure S1). No significant trends
were observed in prevalence of ASCVD across cycles when stratified by
age group, race and ethnicity, education level, and family income
(Table 1). Age-standardized ASCVD prevalence did not significantly
change for women, but a decreasing trend was detected in men (P for
trend =0.026). The prevalence of ASCVD decreased in participants who
never smoked but increased in current smokers from 1999-2002 to
2015-2018 (P for trend =0.044 and 0.039, respectively).

3.3. Trends in risk factor control

For analysis of risk factor control, we included 5391 participants
with diagnosed ASCVD from the examination sample. Missing data were
identified for BP (n = 291 [5.4 %]), HbAlc (n = 285 [5.3 %]), and non-
HDL-C (n = 380 [7.0 %]). The age-adjusted mean HbAlc increased from
5.6 % in 1999-2002 to 6.2 % in 2015-2018, along with FBG, waist
circumference and BMI (all P for trend <0.001). The age-adjusted mean
non-HDL-C decreased from 160.1 mg/dL in 1999-2002 to 128.6 mg/dL
in 2015-2018 (P for trend <0.001). Similar decreasing trends were
found for TC and triglycerides. There were no statistically significant
linear trends in overall BP across year cycles, but mean BP increased
after 2010 (Table S3). Participants with premature ASCVD exhibited
trends similar to the overall population across these factors but
demonstrated higher non-HDL-C levels in the most recent two cycles
compared to the general ASCVD population (Table S4).

The percentage of adults achieving BP control of <130/80 mmHg
increased from 51.2 % (95 % CI 41.0 %-61.3 %) in 1999-2002 to 57.2 %
(95 % CI 48.4 %—-65.6 %) in 2011-2014, but then declined to 52.8 % (95
% CI 44.4 %-81.3 %) in 2015-2018 (Fig. 2). The percentage of adults
achieving lipid control (non-HDL-C <100 mg/dL) increased from 7.0 %
(95 % CI 3.5 %-12.3 %) in 1999-2002 to 26.4 % (95 % CI 16.2 %-38.9
%) in 2015-2018 (P for trend <0.001). The percentage of adults
achieving HbAlc <7.0 % decreased from 95.0 % (95 % CI 90.2 %-97.9
%) to 84.0 % (95 % CI 75.9 %-90.3 %) (P for trend <0.001), likely due to
a remarkable increase in prevalence of diabetes. The percentage of
participants achieving control of all 3 risk factors (HbAlc <7.0 %, BP
<130/80 mmHg and non-HDL-C <100 mg/dL) increased from 4.8 %
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Table 1
Trends in prevalence of ASCVD among US adults, 1999-2018.
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Adults with ASCVD,% 95 CI*

Characteristics 1999-2002 2003-2006 2007-2010 2011-2014 2015-2018 P for trend”
No. with ASCVD* 1090 1130 1300 1069 1197
Overall prevalence 7.9(7.1,87) 8.4(7.5,9.3) 7.7 (7.0, 8.5) 7.6 (7.0, 8.3) 7.5 (6.8, 8.3) 0.18
Age group, yr
20-44 1.5(1.2,2.0) 1.5 (1.0, 2.0) 1.4 (1.0,1.9) 1.7 (1.2, 2.3) 1.4 (1.0, 1.8) 0.532
45-64 8.6 (7.1,10.4) 8.4 (6.8,10.1) 8.2(7.1,9.4) 7.2(6.3,8.1) 8.8 (7.4,10.3) 0.648
>65 24.7 (22.0, 27.5) 28.4 (25.6, 31.3) 25.1 (22.2, 28.1) 25.5 (23.6, 27.5) 23.0 (20.7, 25.5) 0.364
Sex
Men 9.5 (8.3,10.8) 9.4 (8.3,10.6) 9.4 (8.5,10.3) 9.1 (8.2,10.1) 9.1 (8.2,10.2) 0.026
Women 6.5 (5.6, 7.4) 7.6 (6.6, 8.8) 6.4 (5.5,7.3) 6.4 (5.5,7.4) 6.1(5.2,7.1) 0.373
Race and ethnicity
Non-Hispanic white 8.0(7.1,9.1) 8.4 (7.5, 9.5) 7.6 (6.7, 8.7) 7.7 (6.8, 8.5) 7.4 (6.5, 8.4) 0.088
Non-Hispanic black 9.0 (7.7, 10.5) 9.0 (7.8,10.4) 8.6 (7.5,9.9) 7.8 (6.8, 9.0) 8.3(7.2,9.6) 0.138
Mexican American 6.3(5.3,7.4) 7.0 (5.9, 8.3) 7.2 (5.9, 8.6) 6.6 (5.3, 8.2) 5.3 (4.3, 6.6) 0.836
Other Hispanic 4.9 (3.1,7.3) 3.6 (1.7, 6.5) 6.4 (5.0, 8.0) 6.6 (5.1, 8.3) 7.2 (5.6, 9.2) 0.084
Other/mixed 7.7 (4.4,12.4) 10.2 (6.2, 15.5) 7.7 (5.6, 10.4) 7.2 (5.7, 8.9) 8.8 (6.5, 11.6) 0.921
Education level
Less than high school 10.8 (9.3, 12.4) 11.4 (9.6, 13.3) 10.2 (9.1, 11.5) 9.8 (8.5,11.2) 9.4 (7.5,11.5) 0.057
High school graduate or GED 8.3(7.0,9.7) 7.9 (6.4, 9.5) 8.7(9.1,7.3) 9.5(8.0,11.2) 8.8 (7.4, 10.5) 0.169
Some college 7.4 (6.2, 8.8) 9.1 (8.0, 10.3) 7.1(6.2,8.2) 6.9 (5.8, 8.2) 8.1 (7.0,9.3) 0.693
College graduate or higher 5.3(4.1,6.7) 6.0 (4.9,7.2) 5.4 (4.5, 6.5) 5.6 (4.7, 6.6) 5.2(4.2,6.3) 0.492
BMI range
<25 5.8 (4.9, 6.9) 6.4 (5.4,7.6) 6.1(5.1,7.2) 6.4 (5.4,7.5) 5.9 (4.9,7.0) 0.845
25-30 7.5 (6.5, 8.7) 8.0(7.1,9.1) 7.1 (6.3, 8.0) 6.8 (6.0, 7.7) 6.5 (5.5, 7.6) 0.062
>30 9.7 (8.4,11.2) 10.1 (8.7, 11.5) 9.4 (8.3,10.7) 9.0 (8.0, 10.0) 9.0 (8.0, 10.1) 0.057
Smoking status
Never smoked 6.3 (5.5,7.2) 6.7 (5.8,7.7) 6.1 (5.4, 6.9) 5.8 (5.1, 6.6) 5.4 (4.8, 6.1) 0.044
Former smoker 9.6 (8.3, 11.0) 9.1 (7.8,10.6) 9.5(8.2,10.9) 7.8 (6.7, 8.9) 9.0 (7.3,11.0) 0.211
Current smoker 9.3(7.4,11.5) 9.7 (7.9, 11.8) 10.1 (8.7,11.7) 12.2(9.7,15.1) 11.6 (9.7, 13.7) 0.039
Income to poverty ratio
<1.0 10.8 (9.0, 12.8) 12.4 (10.6, 14.5) 11.9 (10.4, 13.5) 11.0 (9.4,12.7) 10.4 (8.9, 12.1) 0.389
1.0-2.99 8.8 (7.6,10.1) 10.0 (8.8,11.2) 8.7 (7.8,9.7) 9.7 (8.4,11.1) 9.3 (7.9, 10.8) 0.8
3.0-4.99 6.9 (5.6, 8.4) 6.5 (4.9, 8.4) 6.2(5.1,7.4) 6.5(5.4,7.7) 6.1 (4.8,7.6) 0.161
>5.0 6.8 (5.3, 8.6) 5.9 (4.5,7.5) 6.2 (5.0, 7.6) 4.2(3.3,5.3) 5.4 (4.2,6.7) 0.207

Abbreviation: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; GED, general equivalency diploma.
 Estimates were standardized to the 2000 US Census using the age categories 20-44 years, 45-64 years, and 65 years or older.

b P values were obtained from the Jointpoint Regression program.
¢ Unweighted number of adults with ASCVD.

(95 % CI 1.8 %-10.3 %) to 18.6 % (95 % CI 8.2 %-33.8 %) (P for trend
<0.001) (Fig. 2, Table S5). Participants with premature ASCVD
demonstrated lower percentage of risk factor control in 2015-2018
compared to the general ASCVD population (Table S6).

Subgroup estimates for risk factor control are presented in Table 2,
combing data from the entire study period. Older adults were less likely
to achieve the primary BP target compared to younger adults (odds ratio
[OR], 0.47 [95 % CI, 0.32-0.68]). Women were more likely to achieve
glycemic target than men (OR, 2.0 [95 % CI, 1.41-2.82]). Non-Hispanic
Black Americans were less likely to achieve the primary BP target
compared to non-Hispanic White individuals (OR, 0.63 [95 % CI,
0.53-0.771), but were more likely to achieve the primary lipid target
(OR, 1.61 [95 % CI, 1.17-2.22]). All other races, compared to non-
Hispanic White, were less likely to achieve glycemic target. Adults
with higher BMI, lower education level, and lower income were less
likely to achieve >2 of the 3 risk factor targets (Table 2 and Table S7).

Compared to ASCVD adults not at very-high risk, very-high-risk
adults were less likely to achieve the primary BP target (OR, 0.78 [95
% CI, 0.68-0.90]), glycemic target (OR, 0.64 [95 % CI, 0.46-0.91]), and
all 3 risk factor targets (OR, 0.63 [95 % CI, 0.42-0.94]) (Table S8), while
achieving the primary lipid target similarly (OR, 1.06 [95 % CI
0.79-1.43]). The trends of risk factor control, absolute values and trends
of lipids, BP, glucose and other variables among ASCVD adults, overall
and stratified by ASCVD risk, are shown in Table S9 and S10, and
Figure S2 and S3. Compared with adults with stroke, those with CHD
were more likely to achieve BP and lipid targets, and those with both
CHD and stroke were more likely to achieve lipid target (Table S11).

3.4. Trends in medications

The distribution of medications among adults with ASCVD is shown
in Fig. 3. The percentage of ASCVD participants taking statins increased
from 40.1 % in 1999-2002 to 63.4 % in 2011-2014, but plateaued
thereafter (P for trend <0.001). Ezetimibe use rose to 7.0 % in
2007-2010 but declined to 1.6 % in 2015-2018. The frequency of BP-
lowering medications remained relatively stable, ranging from 72.6 %
to 78.8 % from 1999-2002 to 2015-2018 (P for trend =0.06). The use of
ACE inhibitors or ARB and beta-blockers increased over time, while
frequencies of diuretics and CCB decreased. The frequency of any
glucose-lowering medication increased from 16.6 % in 1999-2002 to
30.1 %in 2015-2018 (P for trend <0.001). The use of metformin, SGLT2
inhibitors or GLP-1, and DPP-4 inhibitors increased, while the use of
thiazolidinediones and sulfonylureas decreased since the last decade.
Participants with premature ASCVD demonstrated lower percentage of
medications compared to the overall ASCVD population (Figure S4).
Participants taking statins exhibited a notably higher percentage of lipid
control compared to those not taking statins (27.0 % % vs. 13.4 % for
non-HDL-C <100 mg/dL). Converse findings were found in participants
using BP-lowering and glucose-lowering medications (Table 2), likely
attributed to the higher prevalence of hypertension and diabetes among
these participants.

There was no significant linear trend in the use of 1, 2, or 3 or more
classes of BP-lowering medications (Figure S5). The percentage of adults
receiving combination BP-lowering therapy declined after 2007-2010.
50.5 % of individuals were on combination BP-lowering therapy in
2015-2018. The proportion of ASCVD adults taking 1, 2, or 3 or more
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Fig. 1. Trends in prevalence of ASCVD among US adults, 1999-2002 to 2015-2018. ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease.

classes of glucose-lowering medications significantly increased across
cycles (Figure S6). 13.5 % of individuals were on combination glucose-
lowering medications in 2015-2018.

In adults who did not achieve risk factor control, those with younger
age, women, non-Hispanic black, Mexican American, lower BMI and
income were less likely to receive statins. Adults with younger age and
lower BMI were also less likely to receive BP-lowering treatment than
their corresponding comparators (Table S12). Non-Hispanic Black in-
dividuals were less likely to receive combination glucose-lowering
therapy but were more likely to receive combination BP-lowering
therapy when targets were not achieved (Table S12). Adults with
stroke were less likely to receive statins and combination BP-lowering
therapy than those with CHD (Table S13).

4. Discussion

In this nationally representative serial cross-sectional study
involving 55,081 adults, the age-standardized prevalence of ASCVD
remained relatively stable from 1999-2002 to 2015-2018, representing
an estimated 19.9 million individuals with ASCVD in 2015-2018. The
prevalence of premature ASCVD was 2.0 %, and the prevalence of CHD
was twice that of stroke. The stability in ASCVD prevalence persisted
across various subgroups. After 2010-2014, there were notable declines
in BP and glycemic control, while lipid control showed a slight increase.
Notably, fewer than 20 % of ASCVD participants achieved control over
all 3 risk factors in 2015-2018. According to recent US guideline, 60.0 %
of ASCVD participants were categorized as at very-high risk. The per-
centage of ASCVD participants taking statins leveled off after 2014, and
ezetimibe use decreased after 2010. Only 60 % of individuals with

ASCVD and less than 40 % of those with premature ASCVD were taking
statins in 2015-2018. The percentage using any BP-lowering drugs
remained largely constant, while the use of any glucose-lowering drugs
increased from 1999-2002 to 2015-2018 (Central Illustration). Dispar-
ities in achieving risk factor control and medications were observed
across age, racial or ethnic, gender, BMI, education, and income groups.

The study revealed that over 60 % of ASCVD participants were at
very-high risk, with ~10 % experiencing multiple ASCVD events and
~50 % having one ASCVD event along with multiple high-risk condi-
tions. This percentage slightly exceeded findings from other US-based
studies, which reported percentages ranging from 43.0 % to 58.0 %
[7,23,24]. Among very-high-risk ASCVD, 17.0 % to 27.0 % experienced
multiple ASCVD events [7,23-25]. One potential explanation for the
slight disparity could be that other studies only included patients with
health insurance [7,23]. Notably, our study provided the first nationally
representative estimates of very-high-risk ASCVD, distinguishing it from
localized studies. The increase in percentage of participants with mul-
tiple ASCVD events or one ASCVD event and multiple high-risk condi-
tions after 2007-2010, when CHD events were not restricted to within 1
year, could be attributed to the persistently elevated prevalence of
diabetes [26], chronic kidney disease [27] and obesity [1], along with
decreased BP control after 2010 [28].

The relatively stable prevalence of ASCVD in the US contrasts with a
remarkable increase in some other countries, such as China. In China,
prevalent cases doubled, and age-standardized ASCVD prevalence
significantly increased by 15 % from 1990 to 2016 [29]. This discrep-
ancy can be attributed to various factors, including increased population
growth and aging, prolonged life expectancy, concurrent declining
cardiovascular mortality [29], and a low proportion of ideal
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Fig. 2. Trends in risk factor control among US adults with ASCVD, 1999-2002
to 2015-2018. ASCVD, atherosclerotic cardiovascular disease.

cardiovascular health in these countries [30]. It’s noteworthy that in the
US, CHD remains the most common type of ASCVD, being twice as
prevalent as stroke, whereas in China, stroke is more common than CHD
[29].

We observed a substantial increase of lipid control among ASCVD
adults from 1999-2002 to 2015-2018, with the magnitude of increment
decreasing after 2006. The cardiovascular benefits of intensive lipid
control in ASCVD patients have been evidenced [31,32] and followed by
worldwide recommendations [15,16]. The ESC/EAS guideline recom-
mends a non-HDL-C target of <85 mg/dL in very-high-risk ASCVD
participants[16], and only 7.7 % of participants in the US achieved this
target. It is noteworthy that as of 2015-2018, only approximately 60 %
of individuals with ASCVD are on a statin, indicating significant un-
derutilization considering statins are a cornerstone treatment for all
ASCVD participants unless intolerable. Similarly, in a NHANES study
involving participants with diabetes and indications for statin therapy,
only 51.1 % were receiving statin therapy [33]. Participants with pre-
mature ASCVD demonstrated even lower percentage of statin use and
risk factor control in 2015-2018 compared to the general ASCVD pop-
ulation. These findings underscore the importance of sustained efforts to
enhance the implementation of evidence-based medical care.

BP control declined after 2014, following a steady but slight increase
from 1999-2002 to 2010-2014. A similar estimated proportion of adults
had controlled BP in 2015-2018 as in 1999-2002. The trends of BP
control in ASCVD adults were in line with those observed in the general
population with hypertension [28], but the control rate was higher in
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ASCVD participants. These changes might be attributable to the updates
of guideline recommendations on BP definition and control targets. The
shift toward less intensive treatment of hypertension, recommended by
the eighth Joint National Committee (JNC 8) in late 2013 [34] than JNC
7 [35], might result in reduced BP control with current goals.

Although the proportion of ASCVD participants achieving controls of
all 3 risk factors has been increasing, the absolute proportion remains
low (<20 %). Recent declines in glycemic and BP control after 2010 to
2014, along with the worsening of other risk factors such as obesity [1],
might portend a possible population-level increase in ASCVD-related
morbidity and mortality. Indeed, global burden of CVD analyses
revealed that age-standardized mortality from ischemic heart disease
began to increase since 2014, particularly in parts of the US and United
Kingdom [10]. Despite having a 3-fold higher risk of ASCVD events [7],
very-high-risk ASCVD adults who achieved risk factor control decreased
after 2014. These findings emphasize crucial reminder to both physi-
cians and patients to implement existing effective pharmacologic and
lifestyle therapies to this large ASCVD population. The update of various
guidelines with more rigorous targets for risk factor control [5,15]
should provide some optimism about the future of ASCVD in the US.

Younger adults were significantly less likely to achieve lipid target,
likely due to less statin therapy. Although the younger cohort was more
likely to achieve BP target (likely due to lower baseline BP), those with
unmet target were receiving fewer BP-lowering treatments than their
older counterparts. Younger adults with CHD had similar CV mortality
[36], and those with stroke had an excess mortality compared to older
individuals [37]. The potential loss of lifetime productivity and greater
lifetime financial burden in younger adults with ASCVD [38] emphasize
the need for early detection and management in these populations.

5. Strengths and limitations

This study has several strengths. NHANES is a large, nationally
representative survey with a standardized protocol and rigorous quality
control. Our analyses involved a large sample of adults with ASCVD
collected from a continuous national survey, allowing for comprehen-
sive analysis of trends in prevalence, risk factor control, and medications
over a 20-year period.

However, this study also has limitations. First, analyses were based
on self-reported ASCVD, which might cause misclassification or under-
estimation; however, self-reported CHD, myocardial infarction, and
stroke have been reported as reliable [39-41]. Second, our study’s
definition of ASCVD did not include transient ischemic attack or pe-
ripheral artery disease, but this definition has also been widely used
[10-14] and reflects CVD that causes major global mortality [10]. Third,
NHANES did not capture dosages of statins, precluding an analysis of
trends in use of high-intensity statins. Fourth, we did not perform
adjustment for multiple comparisons, potentially introducing type I
error. Fifth, we acknowledge the potential impact of healthcare acces-
sibility on ASCVD prevalence. However, participants without regular
access to healthcare are likely to be underrepresented in reporting
ASCVD, introducing a potential bias in subgroup analysis based on
healthcare access. Therefore, we refrained from presenting these sub-
group analysis results.

6. Conclusions

In this nationally representative survey of US adults from 1999
through 2018, the estimated prevalence of ASCVD remained relatively
stable. Substantial undertreatment with stains was found in individuals
with ASCVD, and the percentage achieving optimal lipid control was
low.
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Table 2
Prevalence of achieving risk factor control among US adults with ASCVD, 1999-2018.

Adults with ASCVD,% (95 % CI)*

Characteristics BP <130/80 BP <140/90 Non-HDL-C Non-HDL-C HbAlc HbAlc <7 %, BP <130/80 HbAlc <7 %, BP <130/80
mmHg mmHg <100 mg/dL <130 mg/dL <7.0% mmHg, non-HDL-C < 100 mg/ mmHg, non-HDL-C < 130 mg/
dL dL
No." 5100 5100 5011 5011 5106 4778 4778
Overall prevalence 55.4 (51.4, 76.9 (74.0, 20.3 (16.6, 46.1 (40.8, 88.4 (84.9, 14.1 (10.4, 18.4) 27.2(22.3, 32.7)
59.3) 79.7) 24.5) 51.4) 91.4)
Age group, yr
20-44 62.6 (55.0, 82.8 (77.2, 20.3 (13.3, 44.1 (34.3, 91.8 (81.9, 17.6 (10.8, 26.2) 31.6 (22.7, 41.7)
70.0) 87.4) 28.9) 54.2) 96.5)
45-64 50.0 (46.4, 75.2 (72.2, 15.9 (12.2, 43.3 (38.6, 83.5 (79.5, 9.2 (6.4,12.7) 22.2(17.8, 27.2)
53.4) 78.0) 20.2) 48.2) 87.1)
>65 43.9 (41.6, 63.2 (60.9, 28.2 (24.7, 56.7 (53.3, 87.3 (84.6, 12.4 (10.1, 15.1) 23.3(20.3, 26.5)
46.1) 65.5) 31.9) 60.1) 89.7)
Sex
Men 51.2 (45.8, 77.8 (74.0, 18.7 (13.7, 38.9 (32.1, 85.0 (78.1, 12.5 (7.6, 18.9) 20.3 (14.6, 27.1)
56.5) 81.4) 24.7) 46.0) 90.3)
Women 59.0 (54.4, 75.5 (71.6, 20.5 (14.9, 50.3 (43.1, 91.6 (88.8, 14.5 (9.5, 20.9) 32.1 (25.0, 40.0)
63.4) 79.1) 27.0) 57.4) 93.9)
Race and ethnicity
Non-Hispanic white ~ 57.8 (52.2, 81.1(77.7, 18.8 (13.8, 44.0 (36.7, 90.7 (85.9, 14.2 (9.3, 20.3) 27.7 (20.9, 35.3)
63.4) 84.3) 24.7) 51.6) 94.2)
Non-Hispanic black 42.0 (36.5, 59.8 (53.8, 27.3 (18.6, 48.5 (38.7, 83.4 (75.1, 15.3 (8.2, 25.2) 23.8 (15.2, 34.3)
47.7) 65.6) 37.5) 58.4) 89.9)
Mexican American 57.7 (49.6, 74.9 (67.0, 21.9 (12.6, 49.7 (36.2, 77.8 (65.2, 13.1 (5.4, 25.3) 26.6 (15.5, 40.2)
65.6) 81.8) 34.0) 63.3) 87.4)
Other Hispanic 59.9 (47.4, 72.7 (58.5, 20.1 (9.3, 42.9 (28.0, 83.8 (70.4, 13.6 (4.2, 30.0) 25.9 (13.2, 42.4)
71.6) 84.2) 35.4) 58.9) 92.8)
Other/mixed 51.8 (38.5, 81.5 (72.6, 19.5 (8.8, 61.9 (41.9, 89.8 (83.2, 5.7 (1.5, 14.5) 22.7 (8.0, 44.9)
64.9) 88.4) 35.0) 79.3) 94.5)
Education level
Less than high 53.7 (47.2, 73.7 (69.1, 17.8 (11.6, 45.2 (36.6, 89.0 (85.2, 11.2 (5.9, 18.9) 27.6 (19.3, 37.2)
school 60.1) 78.0) 25.5) 54.0) 92.2)
High school 51.3 (44.2, 75.0 (68.4, 19.9 (13.6, 44.9 (35.9, 86.8 (79.6, 13.6 (7.3, 22.5) 26.1 (17.7, 35.9)
graduate or GED 58.4) 80.8) 27.6) 54.2) 92.2)
Some college 55.9 (49.2, 76.8 (71.8, 21.7 (14.8, 47.2 (37.9, 88.4 (81.4, 15.0 (8.0, 24.5) 27.1 (19.5, 35.9)
62.5) 81.3) 30.2) 56.6) 93.5)
College graduate or  66.1 (57.2, 86.6 (82.5, 20.9 (11.1, 45.0 (29.1, 89.7 (81.5, 15.4 (6.3, 29.5) 25.2 (13.2, 40.9)
higher 74.2) 90.1) 33.9) 61.6) 95.2)
BMI range
<25 64.8 (58.5, 79.4 (73.9, 40.4 (28.5, 65.7 (54.7, 95.8 (91.8, 29.5 (18.3, 43.0) 46.1 (34.2, 58.3)
70.7) 84.1) 53.3) 75.6) 98.2)
25-30 57.9 (50.2, 78.7 (72.3, 17.1 (11.0, 50.3 (39.1, 93.8 (90.2, 12.5 (7.0, 20.0) 30.9 (21.1, 42.2)
65.3) 84.1) 24.8) 61.5) 96.4)
>30 50.7 (45.4, 75.5 (72.6, 15.5 (11.1, 37.3(31.2, 81.9 (75.3, 9.5 (5.1, 15.9) 18.6 (13.2, 25.1)
55.9) 79.1) 20.9) 43.8) 87.4)
Smoking status
Never smoked 54.3 (48.6, 77.5 (73.6, 20.2 (13.4, 44.4 (35.3, 87.3(82.0, 14.3 (8.0, 22.9) 27.2(19.1, 36.6)
60.0) 81.0) 28.5) 53.8) 91.5)
Former smoker 53.7 (45.3, 75.6 (68.6, 22.9 (13.6, 46.9 (35.0, 82.9 (69.6, 17.6 (8.9, 29.9) 25.9 (16.1, 37.8)
61.9) 81.8) 34.6) 59.0) 92.1)
Current smoker 57.7 (51.5, 77.2 (71.9, 19.0 (12.6, 46.0 (38.4, 92.7 (89.3, 11.9 (6.5, 19.3) 28.0 (20.8, 36.1)
63.7) 81.9) 26.7) 53.8) 95.3)
Income to poverty
ratio
<1.0 56.1 (50.5, 71.4 (66.7, 20.1 (13.8, 44.1 (36.5, 89.4 (85.6, 13.8 (8.0, 21.9) 25.3 (17.8, 34.1)
61.6) 75.8) 27.7) 51.9) 92.5)
1.0-2.99 51.1 (44.8, 76.5 (72.2, 21.0 (14.6, 41.0 (33.3, 87.5 (82.4, 14.0 (8.3, 21.7) 21.7 (15.1, 29.5)
57.3) 80.5) 28.6) 48.9) 91.6)
3.0-4.99 61.3 (51.8, 81.6 (74.3, 24.5 (10.8, 56.1 (40.2, 91.2 (84.7, 20.7 (7.7, 40.3) 36.2 (20.7, 54.2)
70.2) 87.6) 43.4) 71.2) 95.6)
>5.0 53.9 (38.3, 84.3 (77.7, 11.7 (8.0, 40.5 (25.4, 83.7 (61.6, 7.0 (4.2, 10.8) 23.7 (13.2, 37.2)
69.1) 89.5) 16.2) 57.0) 95.9)
Medications
Yes 47.3 (421, 71.0 (66.0, 27.0 (18.0, 57.2 (44.4, 32.1 (20.5, - -
52.6) 75.7) 37.6) 69.3) 45.6)
No 60.9 (56.0, 82.4 (79.0, 13.4 (9.2, 34.9 (29.1, 97.5 (95.8, - -
65.5) 85.5) 18.2) 41.0) 98.7)

Abbreviation: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; BP, blood pressure; GED, general equivalency diploma; HbAlc, glycated he-
moglobin (HbAlc); Non-HDL-C, non-high-density lipoprotein cholesterol.

 Prevalence estimates were standardized to the 2000 US Census using the age categories 20-44 years, 45-64 years, and 65 years or older.

b Unweighted number of adults with ASCVD.
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Fig. 3. Trends in medications among US adults with ASCVD, 1999-2002 to 2015-2018. (A) Lipid-lowering medications. (B) Blood-pressure-lowering medications.
(C) Glucose-lowering medications. ASCVD, atherosclerotic cardiovascular disease.
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