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ARTICLE INFO ABSTRACT

Keywords: Objective: Current guidelines for secondary prevention of atherosclerotic cardiovascular disease (ASCVD)
Secondary prevention recommend targeting a low-density lipoprotein cholesterol (LDL-C) of < 70 mg/dL. However, temporal trends
LDL cholesterol and racial/ethnic- and sex-differences in achievement of LDL-C targets are not well described. We assessed trends
ASCVD and racial/ethnic- and sex-differences in achievement of LDL-C < 70 mg/dL using data from the National Health
and Nutrition Examination Survey (NHANES) from 2005 to 2008 to 2017-March 2020.
Methods: We combined NHANES cycles into 4 periods: 2005-2008, 2009-2012, 2013-2016, and 2017-March
2020 and included participants > 40 years with self-reported ASCVD. We estimated LDL-C < 70 mg/dL prev-
alence over time and further stratified by sex and race/ethnicity. We used multivariable logistic regression
adjusted for social determinants of health and clinical covariates to model LDL-C target attainment.
Results: Among 1,826 NHANES participants representing 7,161,221 US adults with self-reported ASCVD (59.6%
> 65 years, 56.4% male, 74.8% White), LDL-C target attainment increased from 19.0% (95% CI, 15.3%-23.3%)
in 2005-2008 to 26.3% (95% CI, 20.4%-33.1%) in 2017-March 2020 (P = 0.012 for trend). Achievement of LDL-
C < 70 mg/dL significantly rose among men from19.5% (95% CI, 15.1%-24.8%) to 29.4% (95% CI, 20.7%-
29.9%) without significant change in women (from 18.3% [95% CI, 13.6%-24.2%] to 22.5% [95% CI, 13.0%-
35.9%]; P = 0.241 for trend). Improvement in LDL-C target attainment was similar among White, Black, and
Hispanic individuals (~5-7% increase) and was greatest among individuals of other (non-White, Hispanic, or
Black) race/ethnicity (23.1% increase). In our multivariable analysis, comorbid diabetes and ages 65-75 and >
75 years were associated with LDL-C target attainment.
Conclusion: LDL-C control modestly improved between 2005 and 2008 and 2017-March 2020; however, only ~1/
4 of individuals met guideline-directed LDL-C treatment targets by 2017-March 2020. Women had lower LDL-C
control and lesser magnitude of improvement in LDL-C control than men, highlighting a need for targeted in-
terventions to improve lipid-lowering therapy utilization in this population.

1. Introduction Cardiology (ACC) multisociety cholesterol guideline recommends high-
intensity or maximally tolerated statin therapy for all patients aged < 75
The 2018 American Heart Association (AHA)/American College of years with atherosclerotic cardiovascular disease (ASCVD) [1]. For
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those whose low-density lipoprotein cholesterol (LDL-C) levels remain >
70 mg/dL despite maximally tolerated statin, the guideline recommends
adding ezetimibe (class IIa and class IIb recommendations for patients
with and without very high future ASCVD risk, respectively), followed
by a proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) if
needed (class Ila recommendation for those with very high future
ASCVD risk). The 2022 ACC Expert Consensus Decision Pathway (ECDP)
on nonstatin therapies recommends using a lower threshold of LDL-C >
55 mg/dL to consider adding ezetimibe and/or PCSK9i for individuals
with very high ASCVD risk [2].

Aggarwal et al. recently reported that less than 1/4 US adults with
coronary artery disease (CAD) met the guideline target LDL-C (< 70 mg/
dL) between 2015 and 2020 [3]. While prior studies have shown
increased statin utilization over time for primary prevention of ASCVD
[4] and decreased LDL-C levels over time among adults with established
ASCVD [5], longitudinal trends and racial/ethnic- and sex-differences in
LDL-C target attainment in relation to the 2018 AHA/ACC multisociety
cholesterol guideline are not well described. Accordingly, we sought to
define contemporary trends and predictors of LDL-C control for sec-
ondary prevention of ASCVD in a large, nationwide cohort.

2. Methods
2.1. Study population

The National Health and Nutrition Examination Survey (NHANES) is
a cross-sectional survey that uses stratified and multistage probability-
cluster sampling to assess the health and nutritional status of the US
noninstitutionalized civilian population [6]. We pooled data across
eight 2-year survey cycles spanning January 2005 to March 2020 (the
2019-2020 cycle was halted prematurely due to the coronavirus
pandemic and was thus combined with the 2017-2018 cycle) [7]. From
a randomly selected and nationally representative subsample of in-
dividuals with fasting laboratory measurements, we included adults
aged > 40 years with a self-reported diagnosis of CAD (coronary heart
disease, angina, or heart attack) or stroke.

The NHANES study protocols were approved by the National Center
for Health Statistics Research Ethics Review Board. All study partici-
pants provided written informed consent.

2.2. Outcome

The primary outcome was the prevalence of LDL-C target attainment
(< 70 mg/dL). For a subset of participants with very high risk for future
ASCVD events, we explored a secondary outcome of LDL-C target
attainment (< 55 mg/dL) as recommended by the 2022 ACC ECDP on
nonstatin therapies. The 2018 ACC/AHA multisociety cholesterol
guideline defines very high future ASCVD risk as having a history of > 2
major ASCVD events or having 1 major ASCVD event and > 2 high-risk
conditions. We adapted these criteria to data available in NHANES to
identify participants with very high ASCVD risk (Supplementary
Table S1).

2.3. Covariates

We pre-specified social determinants of health (SDOH) and clinical
predictors based on prior literature [8-10]. These included survey cycle,
age, sex, race/ethnicity, education, marital status, employment, income,
insurance status, having a routine place to go for healthcare, any food
insecurity, smoking, physical activity level, comorbidities (depression,
obesity, diabetes, hypertension, kidney disease), ASCVD phenotype
(CAD, stroke), and use of statins, ezetimibe, and PCSK9i. Obesity, dia-
betes, hypertension, and kidney disease were either self-reported or
determined by physical exam or laboratory measurements (see Footnote
of Table 1). Medication use was ascertained by pill bottle review. All
other covariates were self-reported.
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Table 1
Baseline characteristics of US adults with self-reported ASCVD, 2005-2008 to
2017-March 2020.

% (95% CI)

Overall LDL-C > 70 LDL-C <70 P
cohort (n = mg/dL (n = mg/dL (n = value”
1826) 1433) 393)
Weighted population 7161,221 5597,725 1563,496
estimate, no.
Sociodemographics
Age in years
40-64 40.4 40.8 25.6 <0.001
(37.4-43.4) (37.3-44.5) (19.6-32.6)
65-75 32.8 33.9 42.1 0.010
(30.1-35.6) (30.8-37.1) (35.0-49.5)
>75 26.8 25.3 32.3 0.031
(24.1-29.7) (22.3-28.5) (26.9-38.3)
Male 56.4 54.5 63.2 0.030
(53.2-59.5) (50.4-58.5) (57.0-68.9)
Race/ethnicity
White 74.8 73.7 78.6 0.055
(71.4-78.0) (70.0-77.2) (73.4-83.1)
Hispanic 7.9(6.59.5) 8.3 6.2 (4.6-8.2)  0.049
(6.8-10.2)
Black 10.2 10.6 8.8 0.243
(8.5-12.1) (8.7-12.8) (6.6-11.8)
Other 7.1(5.4-9.3) 7.3(5499) 63 0.616
(3.6-10.9)
Education level
< High school 24.8 25.5 22.3 0.187
(22.1-27.7) (22.6-28.7) (17.9-27.3)
High school graduate 27.4 28.2 24.4 0.215
(24.5-30.5) (25.1-31.6) (19.3-30.4)
> High school 47.8 46.2 53.3 0.041
(44.1-51.5) (42.3-50.2) (46.7-59.8)
Married/living with 62.5 60.9 68.3 0.032
partner (59.3-65.7) (57.4-64.4) (61.9-74.1)
Employed 28.6 30.1 23.1 0.062
(25.8-31.6) (26.7-33.7) (17.6-29.8)
Poverty to income 75.7 74.2 80.9 0.011
ratio > 1.30" (72.9-78.3) (71.2-77.0) (75.5-85.4)
Household food 25.3 26.5 21.0 0.149
insecurity (22.7-28.1) (23.3-30.0) (15.5-27.8)
Access to care
Insured 93.1 92.4 95.3 0.073
(91.3-94.5) (90.3-94.2) (92.1-97.2)
Routine place to go 96.4 95.8 98.3 0.020
for healthcare (95.2-97.3) (94.4-96.9) (95.2-99.4)
Lifestyle habits
Current smoking 21.4 229 16.1 0.013
(18.5-24.6) (19.6-26.5) (12.0-21.2)
Physical activity > 44.0 44.7 41.2 0.379
150 min/week” (40.4-47.6) (40.8-48.7) (34.3-48.6)
Comorbidities
Depression 11.6 12.1 9.7 0.312
(9.8-13.5) (10.2-14.3) (6.3-14.7)
Obesity* 44.8 44.5 45.8 0.757
(41.6-48.1) (40.7-48.5) (39.5-52.2)
Diabetes* 29.6 26.4 41.1 <0.001
(26.6-32.8) (23.4-29.6) (34.5-48.1)
Hypertension® 71.2 69.8 76.1 0.117
(67.8-74.3) (65.3-73.9) (70.0-81.4)
Kidney disease’ 9.2 8.9 10.3 0.417
(7.8-10.9) (7.4-10.7) (7.5-14.1)
ASCVD phenotype
Coronary artery 74.7 73.1 80.6 0.035
disease (72.1-77.2) (69.7-762) (74.6-85.4)
Stroke 37.1 38.1 33.3 0.214
(34.2-40.0) (34.7-41.7) (27.3-40.0)
Lipid-lowering
therapy
Statin 64.2 57.5 87.8 <0.001
(60.8-67.3) (53.5-61.5) (83.6-91.0)
Ezetimibe 7.2(54-9.4) 6.1(4.3-86) 10.9 0.043
(7.3-16.0)
PCSK9i 0.16 (0.05 - 0.07 0.50 0.230
0.51) (0.01-0.50) (0.12-1.99)
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Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-den-
sity lipoprotein cholesterol; PCSK9i, proprotein convertase subtilisin/kexin type
9 inhibitor.

? Generated from weighted proportion test comparing LDL-C > 70 mg/dL and
LDL-C < 70 mg/dL groups.

b The 2018 Physical Activity Guidelines for Americans recommends > 150
min/week of moderate-intensity exercise [20].

¢ Defined as body mass index > 30 kg/m? based on weight and height
measured by physical examination.

d Either self-reported or defined as a hemoglobin Alc > 6.5% or fasting
plasma glucose > 126 mg/dL.

¢ Either self-reported or defined as a mean systolic blood pressure > 130
mmHg or mean diastolic blood pressure > 90 mmHg.

f Either self-reported or defined by an estimated glomerular filtration rate of
15-59 mL/min/1.73 m? estimated by the 2021 CKD-EPI equations [21].

2.4. Statistical analysis

To increase the precision of our estimates, we combined survey cy-
cles into 4 periods: 2005-2008, 2009-2012, 2013-2016, and 2017-
March 2020. The prevalence of LDL-C target attainment was estimated
across each period and stratified by race/ethnicity and sex. We used
univariate logistic regression to evaluate temporal trends, with the
midpoint of each survey cycle modeled as a continuous independent
variable. To identify factors associated with LDL-C control, we used
multivariable logistic regression to model LDL-C target attainment with
stepwise adjustment: Model 1: adjusted for demographics, ASCVD
phenotype, and medical comorbidities; Model 2: Model 1+ SDOH pa-
rameters. We repeated analyses for the subset of participants at very
high risk of future ASCVD events.

All analyses were performed with a significance threshold of P <
0.05 using Stata/SE 15.0 (StataCorp, College Station, TX) and incorpo-
rated sample weights to account for nonresponse and oversampling of
certain populations [6].

3. Results

We identified 1,826 NHANES participants weighted to represent
7,161,221 US adults with self-reported ASCVD (59.6% age > 65 years,
56.4% male, 74.8% White, Table 1). 60.6% of the cohort (1,180 par-
ticipants representing 4341,615 US adults) had very high risk for future
ASCVD events (Supplementary Table S2). The prevalence of statin,
ezetimibe, and PCSK9i utilization were 64.2%, 7.2%, and 0.2%,
respectively (Table 1).

Compared to participants who did not meet the LDL-C target of < 70
mg/dL, those who met the LDL-C target were more commonly 65-75
years old (42.1% vs 33.9%; P = 0.031) and > 75 years old (32.3% vs
25.3%; P = 0.031), male (63.2% vs 54.5%; P = 0.030), educated beyond
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high school (53.3% vs 46.2%; P = 0.041), married (68.3% vs 60.9%; P =
0.032), and more likely to have a routine place to go for healthcare
(98.3% vs 95.8%; P = 0.020; Table 1). Individuals with LDL-C < 70 mg/
dL were also more likely to have diabetes (41.1% vs 26.4%; P < 0.001),
CAD (80.6% vs 73.1%; P = 0.035), and had greater utilization of statins
(87.8% vs 57.5%; P < 0.001) and ezetimibe (10.9% vs 6.1%; P = 0.043;
Table 1).

Baseline characteristics stratified by statin use and by LDL-C target
attainment < 70 mg/dL among participants taking statins are shown in
Supplementary Table S2.

3.1. Temporal trends by race/ethnicity and sex in LDL-C target
attainment

Between 2005-2008 and 2017-March 2020, the prevalence of LDL-C
target attainment significantly increased from 19.0% (95% CI, 15.3%-
23.3%) to 26.3% (95% CI, 20.4%-33.1%) (P= 0.012 for trend; Sup-
plementary Table S3, Fig. 1A). Achievement of LDL-C < 70 mg/dL
significantly rose among men from 19.5% (95% CI, 15.1%-24.8%) to
29.4% (95% CI, 20.7%-39.9%) (P= 0.031 for trend) without significant
differences in women (18.3% [95% CI, 13.6%-24.2%] to 22.5% [95%
CI, 13.0%-35.9%]; P = 0.241 for trend; Supplementary Table S3,
Fig. 1A). The magnitude of improvement in LDL-C target attainment <
70 mg/dL was similar but not significant across participants of White,
Hispanic, and Black race/ethnicity and significantly increased among
those of other (non-White, Hispanic, or Black) race/ethnicity from 7.4%
(95% CI, 3.6%-14.6%) to 30.5% (95% CI, 13.7%-54.7%; P = 0.048 for
trend; Supplementary Table S3, Fig. 1B).

Among the subset of participants with very high ASCVD risk, the
prevalence of LDL-C < 55 mg/dL did not significantly change overall but
did significantly improve among Black (1.6% [95% CI, 0.4%-6.6%] to
14.7% [95% CI, 8.0%-25.7%]; P = 0.001 for trend) and other race/
ethnicity (0.0% to 35.1 [11.3-69.7]; P = 0.031 for trend; Supplemen-
tary Table S4).

3.2. Factors associated with LDL-C target attainment

In adjusted multivariable analysis, survey year (aOR, 1.05; 95% CI,
1.01-1.10), age 65-75 (aOR 2.40; 95% CI, 1.39-4.15) > 75 years (aOR
2.06; 95% CI, 1.13-3.77), and diabetes (aOR, 1.97; 95% CI, 1.41-2.77)
were associated with LDL-C target attainment < 70 mg/dL (Supple-
mentary Table S5). Sex, race/ethnicity, and individual SDOH param-
eters did not show significant associations. Our findings were similar for
the secondary analysis of LDL-C target attainment <55 mg/dL among
the subset of participants with very high ASCVD risk, though point es-
timates were less precise with wider confidence intervals owing to the
smaller sample size (Supplementary Table S6).
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Fig. 1. Temporal trends in LDL-C target attainment (< 70 mg/dL) among US adults with ASCVD stratified by sex (Panel A) and stratified by race/ethnicity (Panel B).
Abbreviations: LDL-C, low-density lipoprotein cholesterol; ASCVD, atherosclerotic cardiovascular disease.
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4. Discussion

In this nationally representative sample of US adults with prevalent
ASCVD, LDL-C control (< 70 mg/dL) modestly improved by 7.3% be-
tween 2005 and 2008 and 2017-March 2020; however, only ~1/4 of all
participants achieved LDL-C < 70 mg/dL by 2017-March 2020. There
were no racial/ethnic-differences in achievement of target LDL-C. Men
(vs. women) had greater overall prevalence of LDL-C target attainment
and only men (vs. women) had significant temporal increase in LDL-C
target attainment over the study period. After multivariable adjust-
ment, comorbid diabetes and older age were independently associated
with LDL-C < 70 mg/dL.

While there was a modest improvement in LDL-C control, most pa-
tients with ASCVD do not meet guideline-recommended LDL-C levels.
Only 64.2% of participants were taking a statin and much fewer were
taking ezetimibe (7.2%) or PCSK9i (0.2%). Of the individuals on statin
therapy, we found that 70.2% did not achieve LDL-C < 70 mg/dL, which
may be reflective of known clinical inertia in escalating lipid-lowering
therapy among patients with ASCVD already on statin therapy [11].
The low prevalence of ezetimibe use is also noteworthy and may
represent an opportunity for improvement, as the RACING trial
demonstrated that combination therapy with ezetimibe and
moderate-intensity statin was non-inferior to high-intensity statin
monotherapy [12]. Our findings highlight substantial gaps in care for
patients in whom initiation and/or intensification of lipid-lowering
therapy for secondary ASCVD prevention is indicated.

We report notable sex differences in LDL-C target achievement.
Known disparities in treatment have been observed, with women (vs.
men) less likely to be prescribed statin therapy (or at appropriate in-
tensity) for both primary and secondary prevention of ASCVD [8,13-15].
However, despite numerous reports highlighting these sex differences, it
is concerning that women had no difference in LDL-C control over the
study period, while men had observed temporal improvements. In-
terventions to narrow this gap in LDL-C treatment are important to
improve sex differences in ASCVD outcomes.

In our multivariable adjusted analysis, older age and comorbid dia-
betes were associated with greater LDL-C target attainment, whereas sex
was not. Because patients > 75 years have been poorly represented in
large secondary ASCVD prevention statin trials, the 2018 ACC/AHA
multisociety cholesterol guideline recommends high-intensity statins
only for those < 75 years, whereas moderate-intensity statins are
considered acceptable for those > 75 years [1]. Despite this, we found
that participants aged > 75 years were more likely than those aged
40-64 years to achieve LDL-C < 70 mg/dL. While prior observational
studies have demonstrated significant survival advantage with
high-intensity statin use among adults > 75 years with ASCVD, clinical
trials are needed to evaluate the safety and efficacy of statin therapy,
including high-intensity therapy, in this population [16]. The associa-
tion between diabetes and achievement of LDL-C < 70 mg/dL aligns
with recommendations by the American Diabetes Association from 2005
to 2020 for LDL-C goal of < 70 mg/dL for people with diabetes and overt
ASCVD [17]. The prevalence of type 2 diabetes is greater in men than
women and may explain the lack of association between sex and LDL-C
< 70 mg/dL [18].

Previous studies have reported a lower rate of prescriptions of lipid-
lowering therapy for Black or Hispanic patients [19]. In the present
study, there were no substantial differences in LDL-C target achievement
across racial/ethnic groups, and all racial/ethnic groups observed
numeric increases in LDL-C control over the study period. These im-
provements in LDL-C target achievement across all race/ethnicities are
an important first step in rectifying longstanding
racial/ethnic-differences in ASCVD care [19].

Study limitations include possible unmeasured confounders, reliance
on self-reported ASCVD which is subject to recall bias, and inability to
account for peripheral arterial disease or statin treatment intensity.
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5. Conclusion

Among US adults with ASCVD, LDL-C control modestly improved
between 2005 and March 2020, however, ~3/4 of individuals still fall
short of the recommended LDL-C target. Women had worse LDL-C
control and lesser improvement in LDL-C control than men. There
were no observed racial/ethnic-differences in achievement of LDL-C <
70 mg/dL.
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