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US Trends in Cholesterol Screening, Lipid
Levels, and Lipid-Lowering Medication Use
in US Adults, 1999 to 2018
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BACKGROUND: Understanding current trends in cholesterol screening, lipid levels, and lipid management therapies may inform

health policy and practice.

METHODS AND RESULTS: In 50928 US adult National Health and Nutrition Examination Survey (NHANES) participants, trends
were assessed in cholesterol screening, mean levels of total cholesterol, triglycerides, low-density-lipoprotein cholesterol, and
lipid-lowering medication use from 1999 through 2018. Point estimates were also calculated using the 2017 to March 2020
prepandemic data set. The age- and sex-adjusted proportion of having cholesterol screened within 5years increased from
63.2% (95% CI, 60.0-66.3) in 1999 to 2000 to 72.5% (95% Cl, 69.5-75.3) in 2017 to 2018 (P<0.001 for linear trend). Mean
total cholesterol decreased from 203.3mg/dL (95% CI, 201.0-205.7) in 1999 to 2000 to 188.4mg/dL in 2017 to 2018 (95% Cl,
185.4-191.5) (P<0.001 for nonlinear trend). The mean triglyceride level decreased from 121.3mg/dL (95% ClI, 116.4-126.4) in
1999 to 2000 to 91.4 mg/dL (95% Cl, 88.4-94.6) in 2017 to 2018 (P<0.001 for nonlinear trend). Low-density lipoprotein cho-
lesterol decreased from 127.9mg/dL (95% ClI, 125.3-130.5) in 1999 to 2000 to 111.7mg/dL (95% CI, 109.0-114.4) in 2017 to
2018 (P<0.001 for nonlinear trend). Among statin-eligible US adults, the proportion of statin use increased from 14.9% (95%
Cl, 12.2-17.9) in 1999 to 2000 to 27.8% (95% Cl, 23.0-33.2) in 2017 to 2018 (P<0.001 for nonlinear trend). Statin use increased
in adults with diabetes aged 40 to 75years from 21.4% in 1999 to 2000 to 51.9% in 2017 to 2018 (P<0.001 for overall linear
trend). Statin use plateaued in all other groups. The proportions of using ezetimibe and proprotein convertase subtilisin/kexin
type 9 inhibitors were 3.7% (95% ClI, 1.3-9.8) and 0.03% (95% CI, 0.01-0.15) in 2017 to March 2020, respectively.

CONCLUSIONS: From 1999 through 2018, cholesterol screening increased while mean total cholesterol, triglycerides, and low-
density lipoprotein cholesterol levels decreased, with a modest increase in statin use and low uptake of nonstatin therapy in
the US population.
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reduced by screening and interventions to reduce LDL-
C. Triglycerides and high-density lipoprotein cholesterol
(HDL-C) are also important biomarkers of cardiovascular

of death in the United States."? Serum cholesterol

Cardiovasoular disease remains the leading cause
and its lipoprotein carriers are key risk factors in the

development of atherosclerotic cardiovascular disease
(ASCVD).® Low-density lipoprotein cholesterol (LDL-C) is
the target of global prevention guidelines, as random-
ized controlled trials have shown that ASCVD risk can be

disease risk.4®

Previous literature has examined cholesterol screen-
ing, treatment, total cholesterol (TC), triglycerides, LDL-
C, and HDL-C levels, but trends have not been updated
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CLINICAL PERSPECTIVE
What Is New?

e Using the most recent data from the National
Health and Nutrition Examination Survey, we
updated trends in cholesterol screening, lipid
levels, and lipid-lowering medication use in the
US population from 1999 to 2018, with point es-
timates for 2017 to March 2020.

e |Interim data show continued improvement in
cholesterol screening, with a respective de-
crease in mean total cholesterol, triglycerides,
and low-density lipoprotein cholesterol levels,
and a modest increase in statin use but low up-
take of nonstatin therapy.

e Only the subgroup of statin-eligible patients
with diabetes aged 40 to 75years showed an
increase in statin use after 2015 to 2016, and
60.4% of patients with established athero-
sclerotic cardiovascular disease were not pre-
scribed a statin in 2017 to March 2020.

What Are the Clinical Implications?

e There is a need to intensify national efforts to
improve the utilization of evidence-based lipid-
lowering therapies at the systems, clinician, and
patient levels, with opportunities to revisit risk
discussions at multiple timepoints in a patient’s
care.

e A key population of eligible patients with a con-
cerning trend in statin use in recent years in-
cludes patients with established atherosclerotic
cardiovascular disease.

e Despite advances in antilipid therapy with the
advent of proprotein convertase subtilisin/kexin
type 9 inhibitors and ezetimibe in recent years,
there is room for improvement to increase
adoption of these nonstatin therapies.

Nonstandard Abbreviations and Acronyms

NHANES National Health and Nutrition
Examination Survey

PCSK9 proprotein convertase subtilisin/kexin
type 9
TC total cholesterol

with the most recent survey data.>®"-° Therefore, using
nearly 2 decades of data (1999-2018) from the National
Health and Nutrition Examination Survey (NHANES),
we aimed to evaluate and update the trends in choles-
terol screening, lipid levels, and lipid-lowering medica-
tion use in the US population.
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METHODS

Data Availability

The authors declare that all supporting data are availa-
ble within the article and its online supplementary files.

Study Population

The NHANES is a cross-sectional survey that uses a
stratified and multistage probability-cluster sampling
scheme to assess the health and nutritional status
of the US noninstitutionalized, civilian population.’®
In 55081 participants aged >20years from NHANES
1999 to 2018, we excluded those who did not have
laboratory samples collected (n=2683), were pregnant
at the time of examination (n=1469), or who were miss-
ing data for all variables of our interest (n=1), leaving
a final sample size of 50 928 for the primary trends
analysis. The study protocols were approved by the
institutional review board of the National Center for
Health Statistics, and all study participants provided
written informed consent.

Variables

NHANES participants reported age, sex (male or fe-
male), race and ethnicity (hon-Hispanic Asian, Hispanic,
non-Hispanic Black, and non-Hispanic White), educa-
tion (<9th grade, 9-11th grade, high school graduate,
some college, or college graduate), income (<100%,
100%-299%, 300%-499%, or >500% of the fed-
eral poverty level), and health insurance type (private,
government-based, and uninsured). Representative
information for non-Hispanic Asian Americans was
available in NHANES since the 2011 to 2012 cycle."
History of ASCVD was defined as self-report of any
coronary heart disease, myocardial infarction, an-
gina, or stroke.'”” Diagnosis of diabetes was defined
by a self-reported history of diabetes, fasting glucose
>126mg/dL, or hemoglobin A, 26.5%. The 10-year
ASCVD risk was calculated using the pooled cohort
equations for participants without a self-reported his-
tory of ASCVD.'?'3

Outcomes

Outcomes regarding cholesterol screening were de-
rived from the questionnaire questions “Ever had blood
cholesterol checked” and “When was blood choles-
terol last checked.” Four measures of lipid levels were
assessed: TG, triglycerides, LDL-C, and HDL-C. TC
was measured in a series of enzymatic reactions."
Triglycerides were measured enzymatically using a se-
ries of coupled reactions in which triglycerides were
hydrolyzed to produce glycerol.’® HDL-C was meas-
ured by the heparin-manganese precipitation method
technique.’® LDL-C was calculated from measured
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values of TG, triglycerides, and HDL-C according to the
Hopkins/Martin equation.” Lipid-lowering medication
and drug classes (eg, statins, fibric acid derivatives,
ezetimibe, bile acid sequestrants, and PCSK9 [propro-
tein convertase subtilisin/kexin type 9] inhibitors) were
defined using the Multum Lexicon standardized drug
code or therapeutic classification scheme.'®

Statistical Analysis

All statistical analyses followed the recommended
analytic guidelines and accounted for the complex
NHANES sampling design, oversampling, and survey
nonresponse.'® Examination weights were used for
the analysis of cholesterol screening, total cholesterol,
HDL-C, and medication use. Fasting weights were
used in the analysis of triglycerides and LDL-C, which
were collected as fasting samples. When combining
survey cycles, we followed analytic recommendations
set by NHANES and constructed weights using 4-year
weights for 1999 to 2002 and 2-year weights for 2002
to 2018.2° Baseline characteristics were compared in
2-year survey intervals from 1999 through 2018.

Outcome measures were age- and sex-adjusted
using the direct method to the 2000 US Census pro-
jected population by 6 age-sex groups (men and
women of 20-39, 40-59years, and >60vyears).?! For
cholesterol screening, we assessed the proportions
of having cholesterol screened ever or within byears.
For lipid levels, we calculated the arithmetic means
of TC, LDL-C, and HDL-C; geometric means were
presented for triglycerides as the distribution was
heavily skewed. We also assessed the prevalence
of high LDL-C (defined as >130mg/dL without a his-
tory of ASCVD or >70mg/dL with prior ASCVD). For
medication use, we investigated the proportions by
drug classes or combinations (eg, statin or statin plus
another nonstatin therapy) among the overall statin-
eligible population defined by the 2018 American
College of Cardiology/American Heart Association
(ACC/AHA) guideline criteria.® This population in-
cluded individuals with a history of ASCVD, LDL-C
>190mg/dL, diabetes aged 40 to 75years, or 10-year
ASCVD risk >7.5% aged 40 to 75years and LDL-C 70
to 189 mg/dL. We also assessed statin use by these
statin-eligibility subgroups.

Trends analyses were conducted using the NHANES
1999 to 2018 data. We used the midpoint of each 2-
year survey time as a continuous variable to test for
linear trends using linear or logistic regression models.
If the overall model fit improved after adding a qua-
dratic term of survey time, we then modeled the trends
using piecewise spline models with 1 inflection point
to facilitate clinical interpretations of nonlinear trends
(Data S1). We conducted exploratory analyses to ex-
amine homogeneity of trends by race and ethnicity
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using an interaction term of time with subgroups in the
regression models.

To provide the most updated estimates on key out-
comes, we also conducted a cross-sectional analysis
in NHANES participants using the combined data from
2017 to March 2020, up to the point when the NHANES
program was suspended because of the coronavirus
disease 2019 pandemic.?? Among 9232 participants
aged >20vyears from NHANES 2017 to March 2020, we
excluded those who did not have laboratory samples
collected (n=688) or were pregnant at the time of ex-
amination (n=87), leaving a sample size of 8457 for the
cross-sectional analysis. However, the 2017 to March
2020 data set was not included in the trends analysis,
as recommended by the analytic guidelines.??

Participants with missing data on respective out-
comes were excluded for the primary analysis, with
missingness of 3.0% for cholesterol screening, 6.2%
for total cholesterol and HDL, 6.8% for triglycerides
and LDL cholesterol, and 0.1% for medication use. Per
recommendations,?® we conducted sensitivity analy-
ses to account for the missingness of lipid levels using
multiple imputation via multivariate normal distribution
with 5 imputed data sets (more details in Data S1).
All analyses were performed using Stata version 15.1
(StataCorp LLC) and R software version 3.6.3 (R
Foundation for Statistical Computing), with a 2-sided P
value <0.05 considered statistically significant.

RESULTS

NHANES 1999 to 2018

The mean age of the study participants steadily in-
creased from 46.4years in 1999 to 2000 to 48.5years
in 2017 to 2018 (Table 1). The proportion of women
was stable from 1999 through 2018, at ~51%. The pro-
portions of non-Hispanic Asian participants ranged
from 5.3% to 6.1%, Hispanic from 11.7% to 16.5%,
non-Hispanic Black from 11.2% to 12.1%, and non-
Hispanic White from 65.4% to 76.3% across all survey
cycles. The proportions of individuals with less than a
high school education declined from 24.9% in 1999 to
2000 to 11.2% in 2017 to 2018. The proportions of per-
sons with a family income below the poverty thresh-
old varied from 10.8% to 17.7% and those who did not
have health insurance from 13.5% to 20.8% across all
cycles.

Cholesterol Screening

Age- and sex-adjusted proportions of ever cho-
lesterol screening increased from 70.3% (95% Cl,
671-73.3) in 1999 to 2000 to 74.3% (95% ClI, 72.5-
76.0) in 2011 to 2012, then increased at a faster rate
to 81.1% (95% ClI, 78.8-83.2) in 2017 to 2018 in the
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overall population (P=0.009 for overall nonlinear trend)
(Figure 1). Differences in slopes between 1999 to
2012 and 2013 to 2018 time periods were significant
(P<0.001). Proportions of cholesterol screening within
5years were slightly lower than those of ever screened,
but the trends were largely consistent. Overall, the pro-
portion of having cholesterol screened within 5years
increased from 63.2% (95% ClI, 60.0-66.3) in 1999 to
2000 to 72.5% (95% CI, 69.5-75.3) in 2017 to 2018
(P<0.001 for overall linear trend).

Lipid Levels

Age- and sex-adjusted mean TC decreased from
203.3mg/dL (95% CI, 201.0-205.7) in 1999 to 2000
to 188.4mg/dL (95% ClI, 185.4-191.5) in 2017 to 2018
(P<0.001 for overall linear trend) in the overall US pop-
ulation (Figure 2). Mean triglycerides decreased from
121.3mg/dL (95% CI, 116.4, 126.4) in 1999 to 2000 to
111.4mg/dL (95% ClI, 107.5-115.5) in 2007 to 2008,
then continued to decrease to 91.4mg/dL (95% Cl,

A
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Figure 1. Age-/sex-adjusted trends in cholesterol screen-
ing in US adults, NHANES 1999 to 2018.

A, Cholesterol ever screened. B, Cholesterol screened within
5years. Error bars indicate 95% Cls. NHANES indicates National
Health and Nutrition Examination Survey.
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88.4-94.6) in 2017 to 2018 (P<0.001 for overall non-
linear trend). Differences in slopes for mean triglyc-
erides between the 1999 to 2008 and 2009 to 2018
time periods were significant (P<0.001). Mean LDL-C
levels in the overall population decreased drastically
from 127.9mg/dL (95% CI, 125.3-130.5) in 1999 to
2000 to 118.9mg/dL (95% ClI, 116.8-121.0) in 2003 to
2004, then continued to decline to 111.7mg/dL (95%
Cl, 109.0-114.4) in 2017 to 2018 (P<0.001 for overall
nonlinear trend). Mean HDL-C increased from 1999
through 2006, and then fluctuated around 54 mg/
dL after 2005 to 2006 (P<0.001 for overall nonlinear
trend). Estimates of mean lipid levels after multiple im-
putations were similar to results from the primary anal-
ysis (Figure S1 and Table S1).

During the same period, the prevalence of LDL-C
>130mg/dL among US adults without ASCVD de-
creased from 44.0% (95% CI, 41.5-46.4) in 1999 to
2000 to 26.4% (95% CI, 24.1-28.7) in 2017 to 2018
(P<0.001 for overall linear trend) (Figure S2). The prev-
alence of LDL-C >70mg/dL among US adults with
ASCVD showed a nonlinear declining trend, with
95.8% (95% CI 72.2, 99.5) in 1999 to 2000 and 76.3%
(95% Cl, 64.7-84.9) in 2017 to 2018 (P=0.017 for overall
nonlinear trend).

Lipid-Lowering Medication

Among US adults eligible for statin treatment by the
2018 ACC/AHA guideline criteria, the age- and sex-
adjusted proportion of statin use increased from 14.9%
(95% ClI, 12.2-17.9) in 1999 to 2000 to 24.6% (95% Cl,
20.4-29.3) in 2007 to 2008 and continued to improve,
yet at a slower rate, to 27.8% (95% Cl, 23.0-33.2)
in 2017 to 2018 (P<0.001 for overall nonlinear trend)
(Figure 3). The slopes between 1999 to 2008 and 2009
to 2018 periods were significantly different (P<0.001).
When stratified by statin-eligibility subgroups, the ad-
justed proportion of statin use increased from 23.0%
(95% Cl, 18.9-28.8) in 1999 to 2000 to 37.0% (95%
Cl, 30.2-44.2) in 2011 to 2012, and then did not in-
crease afterwards in US adults with a history of ASCVD
(P=0.005 for nonlinear trend). Among US adults aged
40 to 75years with 10-year ASCVD risk >7.5% and
LDL-C 70 to 189mg/dL, statin use increased from
6.8% (95% Cl, 3.9-11.6) in 1999 to 2000 to 31.1% (95%
Cl, 21.3-42.9) in 2013 to 2014 and declined to 19.1%
(95% ClI, 14.8-24.2) in 2017 to 2018 (P=0.03 for non-
linear trend). On the contrary, among US adults with
diabetes aged 40 to 75years, the proportion of statin
use increased steadily from 21.4% (95% Cl, 13.2-32.7)
in 1999 to 2000 to 51.9% (95% ClI, 41.2-62.5) in 2017
to 2018 (P<0.001 for overall linear trend).

Age- and sex-adjusted proportions of statin plus
another lipid-lowering medication remained mostly
<5% from 1999 through 2018 (Figure S3). Use of
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Figure 2. Age-sex-adjusted trends in lipid levels in US adults, National Health and Nutrition Examination Survey (NHANES)

1999 to 2018.

A, Mean total cholesterol. B, Mean triglycerides. C, Mean LDL-C. D, HDL-C. Screened within 5years. Error bars indicate 95% Cls.
HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; and NHANES, National Health and

Nutrition Examination Survey.

ezetimibe declined after 2007 to 2008, while use of fi-
bric acid agents and bile acid sequestrants remained
consistently low (Figure S4). Age- and sex-adjusted
proportion of inhibitor use in statin-eligible US adults
was 0.02% (95% ClI, 0.01-0.16) in 2017 to 2018.

Exploratory Analyses by Race and Ethnicity

There were significant differences in trends by race
and ethnicity with respect to proportions of both cho-
lesterol screening measures and in mean TC and
LDL-C levels (all P<0.01 for homogeneity of trends)
(Figures S5 and S6). The age- and sex-adjusted pro-
portions of cholesterol ever screened and cholesterol
screening within 5years were consistently and signifi-
cantly lower in Hispanic participants compared with
White participants (P<0.001 for group differences
across all survey cycles) (Table S2). Mean triglyceride
levels in Black individuals and HDL-C levels in Hispanic
individuals were consistently lower (P<0.05 for group
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differences across all survey cycles), when compared
with White individuals (Table S3).

NHANES 2017 to March 2020
Prepandemic

In the 2017 to March 2020 prepandemic population,
age- and sex-adjusted proportions of ever cholesterol
screening and cholesterol screening within 5years
among US adults were 81.3% (95% Cl, 79.5-83.0) and
72.6% (95% ClI, 70.5-74.6), respectively (Table 2). Mean
levels of TC, triglycerides, LDL-C, and HDL-C were
186.6mg/dL (95% ClI, 184.3-189.0), 90.6 mg/dL (95%
Cl, 87.9-93.3), 110.5mg/dL (95% Cl, 108.2-112.9), and
53.5mg/dL (95% Cl, 52.8-54.2), respectively. Among
US adults eligible for statins, the adjusted proportions
were 321% (95% Cl, 24.0-41.6) in statin use, 4.0%
(95% ClI, 1.3-11.1) in statin use plus another nonstatin
therapy, 3.7% (95% ClI, 1.3-9.8) in ezetimibe use, and
0.03% (95% Cl, 0.01-0.15) for PCSK9 inhibitors.
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Figure 3. Age-sex-adjusted trends in statin use in US
adults by statin-eligible groups, NHANES 1999 to 2018.

A, Overall. B, By statin-eligible groups. ASCVD was defined as
a self-reported history of coronary heart disease, heart attack,
stroke, or angina. Error bars indicate 95% Cls. ASCVD indicates
atherosclerotic cardiovascular disease; and NHANES, National
Health and Nutrition Examination Survey.

DISCUSSION

This analysis of a nationally representative sample of
>50000 patients comprehensively examines and up-
dates trends in lipid levels and lipid-lowering medica-
tion use over the past 2 decades. Our study found a
continuation of favorable temporal trends®”€ in serum
cholesterol screening, mean levels of TC, triglycerides,
LDL-C, and HDL-C, and lipid-lowering medication use
among US adults aged >20years from 1999 through
2018. The proportions of ever cholesterol screening
and cholesterol screening within 5years increased over
the past 2 decades, to 81.1% and 72.5%, respectively.
Mean population TC declined to 188.4mg/dL in 2017
to 2018 from 203.3mg/dL in 1999 to 2000. Mean tri-
glyceride and LDL-C levels also declined to 91.4 mg/dL
and 111.7mg/dL, respectively, in 2017 to 2018, while
mean HDL-C fluctuated around 54 mg/dL after a mild
increase during 1999 to 2004.
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Any trend comparison between the 2017 to March
2020 data and data from the previous 2-year NHANES
cycles should be interpreted with caution, and the
Centers for Disease Control and Prevention (CDC) rec-
ommend considering the historical context of trends
when doing so0.?* With that caveat, the point estimates
derived from 2017 to March 2020 appear to show
marginally higher percentages of cholesterol screening
and lipid-lowering medication use and lower lipid lev-
els, with 32.1% of eligible patients prescribed a statin
and 4% prescribed a statin in addition to another lipid-
lowering medication in 2017 to March 2020. In part,
these results may be a consequence of an improve-
ment in screening, clinician-patient risk discussion, and
prescription of statin and nonstatin therapies over time.
It is also possible that the 2017 to March 2020 point
estimates reflect some uptake of the 2018 AHA/ACC
Guideline on the Management of Blood Cholesterol.82°
However, the incomplete data collected during the
2019 to 2020 cycle were not nationally representative
and consequently combined with the 2017 to 2018
NHANES cycle, which would not reflect the AHA/ACC
guidelines as they were released late in 2018. Thus,
despite efforts made to adjust and weight the 2017 to
2020 data in order to make it nationally representa-
tive, potential unequal rates of dissemination and up-
take by geographical location make it challenging to
ascertain the extent to which guideline uptake was re-
flected or assess for potential improvement over time.
Regardless, with less than a third of eligible patients
prescribed a statin in 2017 to March 2020, there re-
mains significant room for improvement.

Lipid management is an important priority for the
CDC. However, of the 3 Healthy People 2020 goals
released by the CDC that target hyperlipidemia, only
1 was achieved. Specifically, only the Healthy People
2020 goal of reducing the proportion of adults with
TC >240mg/dL to <13.5% was achieved; this propor-
tion was 9.7% in 2017 to March 2020, based on our
analysis. Moreover, in the most recent NHANES sur-
vey cycle (2017 to March 2020), ~26% of US adults
without ASCVD had levels of LDL-C >130mg/dL, and
82% of US adults with ASCVD had LDL-C >70mg/dL.®
It is challenging to assess rates of control given that
the most recent guidelines focus on treating risk rather
than targeting specific lipid levels. However, previously
reported barriers to the utilization of evidence-based
therapies might play a role in our findings.?62° These
include clinical inertia, lack of robust systems to sys-
tematically identify eligible patients, clinician lack of
confidence navigating perceived statin intolerance, and
patient fear of side effects or discontinuation because
of perceived side effects. The literature also highlights
gaps in patient knowledge, presenting an opportunity
for increased patient education and shared decision-
making.®® Given that cardiovascular risk reduction is



Gao et al

Trends in Lipid Screening, Levels, and Medication

Table 2. Age-/Sex-Adjusted Point Estimates (95% Cls) in Cholesterol Screening, Lipid Levels, and Lipid-Lowering

Medication Use

Outcomes NHANES 2017 to 2018 NHANES 2017 to March 2020 prepandemic
Proportions of cholesterol screening, %

Ever screened 81.1(78.8-83.2) 81.3 (79.5-83.0)

Screened within 5y 72.5 (69.5-75.3) 72.6 (70.5-74.6)

Mean lipid levels, mg/dL

Total cholesterol

188.4 (185.4-191.5)

186.6 (184.3-189.0)

Triglycerides 91.4 (88.4-94.6) 90.6 (87.9-93.3)
LDL-C 111.7 (109.0-114.4) 110.5 (108.2-112.9)
HDL-C 53.4 (562.6-54.3) 53.5 (52.8-54.2)
Proportions of lipid-lowering medication use
(among statin-eligible US adults), %
Statin only 27.8 (23.0-33.2) 321 (24.0-41.6)
Stain plus another lipid-lowering medication 1.5 (1.0-2.4) 4.0 (1.3-11.1)
Ezetimibe 1.5(0.8-2.7) 3.7 (1.3-9.8)
Fibric acid agents 1.6 (0.9-2.9) 2.3(1.3-3.9)
Bile acid sequestrants 0.5 (0.2-1.3) 0.4 (0.2-1.2)
PCSK inhibitors 0.02 (0.01-0.16) 0.03 (0.01-0.15)

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition Examination Survey;

and PCSK9, proprotein convertase subtilisin/kexin type 9.

proportional to LDL-C reduction and that aggressive
lowering of LDL-C further improves cardiovascular out-
comes, our findings highlight the need to intensify na-
tional efforts to improve guideline-concordant therapy
with multipronged interventions at the systems, clini-
cian, and patient levels.®

Our work aligns with and extends previously de-
scribed trends in statin use.?2°% |n particular, an eval-
uation of NHANES 2005 to 2016 showed that overall
statin use remained unchanged between 2013 to 2014
and 2015 to 2016. With an additional 2 years of data,
our study shows a continuation of this plateau. The
temporal trends in statin use by statin-eligible groups
before 2015 to 2016 were similar between our results
and the ones from Patel et al.® However, in terms of
proportion estimates, our numbers were ~10% lower
than their study, likely attributable to variations in the
definitions of ASCVD as well as the inclusion of LDL-C
>190 mg/dL and exclusion of LDL-C conditions for par-
ticipants with diabetes in our study. Notably, we found
that of all the subgroups of statin-eligible adults, statin
use only continued to increase after 2015 to 2016 in the
group of patients with diabetes aged 40 to 75years. In
US adults with ASCVD risk >7.5% aged 40 to 75years
and LDL-C 70 to 189mg/dL, statin use declined after
2013 to 2014. Increased recognition of coronary artery
calcification scoring and identification of risk enhancers
for risk stratification for patients with ASCVD risk 7.5%
to 20% may have contributed to the trend in patients
with ASCVD risk >7.5%.%3 Our work is also consistent
with and extends contemporary work showing low use
of statin therapy in patients with established ASCVD.?°
We observed that the age-/sex-adjusted proportion of
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statin use was 35.1% in 2017 to 2018 and 39.6% in
2017 to March 2020 among US adults with ASCVD,
which is lower than the corresponding value in the
study by Nelson et al (50.1%). However, our sample in-
cludes patients who were uninsured and, thus, it is un-
derstandable that our patient population would have a
greater gap compared with a patient population of only
privately insured patients. Regardless, it is concerning
that such a large proportion of patients with ASCVD
(60.4% in 2017 to March 2020) were not taking a statin.
Contemporary literature suggests that at least some
of this is caused by nonadherence, underscoring the
value of revisiting risk discussion at multiple timepoints
in a patient’s care continuum.? This could be comple-
mented by smart decision-support tools for clinicians
that clearly describe indications at the point-of-care,
search tools that allow clinicians to look up recom-
mendations to answer practical questions, particularly
around side effects, and empowering nonphysician
members of the team to be involved in revisiting statin
initiation.?9:34

There are a few limitations worth noting. First, given
our cross-sectional study design, we were unable to
provide any definitive explanation for causes behind
the observed trends. Future studies may explore plau-
sible causes and suggest any clinical actions to correct
or mitigate suboptimal cholesterol trends. Second, we
could not assess longitudinal changes in outcomes of
interest at an individual level, and NHANES does not
provide data on duration of medication use. Thus, our
cohort included patients who may have been pre-
scribed a statin that were subsequently discontinued
over time. Understanding what proportion of eligible
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patients was prescribed a statin that was then discon-
tinued, and reasons for doing so, should be a high pri-
ority to address statin underuse particularly in high-risk
populations such as patients with established ASCVD.
On a similar note, given the cross-sectional study de-
sign, we were also unable to determine whether the
trends we observed have directly led to deleterious clin-
ical outcomes; nevertheless, the relationship of LDL-C
and ASCVD outcomes is well-established. Third, be-
cause of the impact of the coronavirus pandemic, we
were unable to include data past 2018 in the trends
analysis and were thus unable to fully capture the im-
pact on lipid management by the release of 2018 ACC/
AHA guidelines.®3 Fourth, even though NHANES is a
representative sample of the US noninstitutionalized
population, our findings may not be generalizable to
other populations. Fifth, similar to prior literature,3® we
used the Pooled Cohort Equations to estimate 10-year
ASCVD risk in Hispanic and Asian individuals, which
has not been validated. Sixth, although we have incor-
porated survey weights to account for participant non-
response, 6.2% to 6.8% of missing lipid values could
have affected our estimates. Nevertheless, our sensi-
tivity analysis using multiple imputation yielded similar
results compared with the primary analysis. Last, data
are only available up to March 2020, and the coronavi-
rus pandemic likely had a major impact on all assessed
outcomes; this must be taken into account when ex-
tending implications for cardiovascular prevention to
the postpandemic era.

In a nationally representative sample of US adults
aged >20years, cholesterol screening increased while
mean TC, triglyceride, and LDL-C levels decreased
from 1999 to 2018. However, we found room for im-
provement with respect to LDL-C levels in patients with
ASCVD and statin use in statin-eligible US adults. Use
of nonstatin lipid-lowering therapies such as ezetimibe
and PCSK9 inhibitors also remains low. Multifaceted
strategies to optimize utilization of lipid-lowering ther-
apies are needed.
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Data S1.
Supplemental Methods
Methods used to determine piece-wise spline models to model nonlinear trends

We used the midpoint of each 2-year survey time as a continuous variable to test for linear
trends using linear or logistic regression models. If the overall model fit improved after adding a
guadratic term of survey time based on the likelihood ratio test, we then modeled the trends
using spline models to facilitate the interpretations of a nonlinear relationship between time
and outcome measures in a clinical context. The number of inflection points was determined
based on the flexible and informed Bayesian regression analysis with multiple change points
(the R package [mcp]). The test results favored use of one inflection point for trends analysis.

Multiple imputation

We first examined missing data patterns for our primary analysis. Among 50,928 study
participants included, 3,141 (6.2%) participants had missing values for total cholesterol and
3,143 (6.2%) participants had missing HDL-C values. Among 24,651 participants who had fasting
blood samples, 1,666 (6.8%) participants had missing values for both triglycerides and LDL-C. To
account for data missingness and reduce bias derived from non-response, we conducted
multiple imputation under the assumption that data were missing at random. The multiple
imputation model included 8 variables, 4 of key outcomes (total cholesterol, triglycerides, LDL-
C, and HDL-C) and 4 variables with no missing information as predictors of missing values (age,
sex, survey weights, and a unique identifier combing both primary survey unit and stratum of
NHANES).3¢ Examination weights were used for total cholesterol and HDL-C and fasting weights
were used for triglycerides and LDL-C. Multivariate normal distribution was used with five
imputed datasets. Triglycerides were log-transformed before imputation and then transformed
back before analysis. Stata, version 15.1 (StataCorp, College Station, TX) and code mi set, mi
register, and mi impute were used to conduct multiple imputation.



Table S1. Age-Sex-Adjusted Point Estimates (95% Confidence Intervals) in Lipid Levels after Multiple Imputation

Mean Lipid Levels, mg/dL

NHANES 2017-2018

NHANES 2017-March 2020 Pre-Pandemic

Total cholesterol

188.6 (185.5-191.7)

186.5 (184.1-188.8)

Triglycerides

91.5 (88.4-94.6)

90.6 (87.9-93.4)

LDL-C

111.6 (108.9-114.4)

110.5 (108.1-112.9)

HDL-C

53.5(52.6-54.3)

53.5 (52.8-54.2)

Examination Survey.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition




Table S2. Age-sex-adjusted proportions (95% confidence intervals) of cholesterol screening by race and ethnicity, NHANES 1999-
2018

P for
Cholesterol 1999- 2001- 2003- 2005- 2007- 2009- 2011- 2013- 2015- 2017- Iﬁ\feoarr non-
Screening 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 trend linear
trend
Ever Screened, %
74.2 78.5 79.7 80.5
Non-Hispanic Asian - - - - - - (70.1, (73.8, (74.8, (75.6, .056
77.8) 82.5) 83.9) 84.6)
59.8 57.4 59.3 57.3 60.9 59.9 64.1 70.0 70.7 72.6
Hispanic (54.8, (52.4, (53.8, (53.6, (58.5, (57.4, (60.9, (67.5, (67.2, (67.4, .003

64.6) | 623) | 64.7) | 60.9) | 633) | 623) | 67.2) | 72.4) | 74.1) | 77.3)

60.2 64.8 66.7 69.6 72.3 68.9 75.2 75.3 78.8 76.8
Non-Hispanic Black | (56.2, | (60.0, | (64.8, | (66.6, | (69.9, | (64.8, | (70.1, | (72.0, | (75.9, | (74.0, | <.001
64.0) | 69.3) | 685) | 72.4) | 746) | 72.7) | 79.7) | 78.4) | 81.5) | 79.4)

74.9 73.7 74.7 77.3 75.8 75.6 76.9 80.2 83.4 84.2
Non-Hispanic White | (70.1, (71.7, (71.4, (75.1, (72.7, (73.6, (75.1, (78.3, (80.9, (81.0, .014
79.1) 75.6) 77.7) 79.3) 78.6) 77.5) 78.7) 82.0) 85.6) 86.9)

P for group <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <.001 <.001
difference
Screened within 5 Years, %
68.3 73.1 74.1 75.0
Non-Hispanic Asian - - - - - - (65.0, (68.0, (68.0, (69.5, .052
715) | 77.6) | 79.3) | 79.8)
56.5 51.1 52.6 52.0 55.6 54.8 58.8 62.7 64.2 65.8
Hispanic (51.3, | (45.7, | (47.1, | (479, | (52.8, | (52.4, | (55.4, | (59.8, | (60.2, | (60.7, | <.001
61.6) | 56.4) | 58.0) | 56.0) | 584) | 57.2) | 62.2) | 654) | 68.0) | 70.5)
55.8 57.7 62.4 62.3 66.8 64.9 70.2 715 71.9 70.7

Non-Hispanic Black (51.5, (52.8, (59.0, (59.4, (63.9, (61.4, (64.9, (67.8, (68.9, (67.2, | <.001
60.0) 62.4) 65.6) 65.1) 69.5) 68.3) 75.0) 74.8) 74.7) 73.9)




66.4 64.5 66.6 68.2 67.8 68.7 70.1 73.5 74.2 74.1
Non-Hispanic White | (61.9, (61.8, (62.7, (65.4, (64.7, (66.8, (67.5, (71.5, (71.1, (70.9, <.001
70.7) 67.1) 70.3) 71.0) 70.6) 70.6) 72.7) 75.4) 77.1) 77.2)
P for group <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <001 | <.001
difference
Non-linear trend was tested by adding a quadratic term of survey time into regression models. If not significant, linear trend was tested.




Table S3. Age-sex-adjusted mean (95% confidence intervals) lipid levels by race and ethnicity, NHANES 1999-2018

2017- | pfor | PO
Cholesterol 1999- 2001- 2003- 2005- 2007- 2009- 2011- 2013- 2015- March | linear non-
Screening 2000 2002 2004 2006 2008 2010 2012 2014 2016 linear
2020 trend
trend
Total Cholesterol, mg/dL
191.0 190.4 190.5 191.7
Non-Hispanic Asian - - - - - - (187.6, | (187.1, | (186.4, | (186.3, .92
194.5) | 193.7) | 194.6) | 197.1)
201.9 201.9 201.6 202.2 198.4 196.8 195.1 192.6 190.3 188.6
Hispanic (198.2, | (196.0, | (198.6, | (199.3, | (196.1, | (194.4, | (192.4, | (189.5, | (187.9, | (184.0, | <.001
205.6) | 207.8) | 204.7) | 205.2) | 200.8) | 199.2) | 197.9) | 195.7) | 192.8) | 193.1)
196.0 198.8 196.3 189.8 192.4 190.0 188.9 182.6 185.1 185.3
Non-Hispanic Black | (193.6, | (194.0, | (193.3, | (187.4, | (189.4, | (187.8, | (186.7, | (179.9, | (181.4, | (181.7, | <.001
198.4) | 203.6) | 199.3) | 192.1) | 195.5) | 192.2) | 191.2) | 185.3) | 188.8) | 189.0)
204.7 201.5 201.8 198.4 196.8 195.5 195.2 189.3 192.7 188.3
Non-Hispanic White | (201.7, | (199.0, | (200.1, | (196.7, | (194.7, | (193.1, | (192.8, | (187.4, | (190.2, | (184.3, | <.001
207.7) | 204.0) | 203.5) | 200.2) | 198.8) | 197.9) | 197.7) | 191.1) | 195.1) | 192.4)
P for group 18 89 92 045 17 50 <001 | .003 002 003 | <001
difference
Triglycerides, mg/dL
106.9 96.2 93.9 97.6
Non-Hispanic Asian - - - - - - (101.1, (88.8, (87.5, (88.4, .084
113.0) | 104.1) | 1009) | 107.9)
128.1 130.7 129.1 127.2 122.2 122.5 117.2 108.7 101.9 103.2
Hispanic (120.8, | (119.3, | (121.9, | (118.7, | (117.3, | (115.9, | (111.9, | (102.5, | (98.1, (97.3, .004
135.8) | 143.3) | 136.8) | 136.2) | 127.4) | 129.6) | 122.7) | 115.4) | 105.8) | 109.6)
91.7 94.4 97.6 94.7 85.5 89.6 85.0 75.6 71.3 70.9
Non-Hispanic Black | (88.7, | (85.9, | (92.4, | (89.9, | (77.7, | (846, | (80.1, | (70.1, | (66.5, (68.0, <.001
94.8) | 103.7) | 103.1) | 99.6) 94.1) 95.0) 90.3) 81.5) 76.4) 73.9)
124.1 122.6 122.2 117.2 1135 106.3 112.5 98.1 939 91.0
Non-Hispanic White | (118.1, | (117.8, | (116.6, | (112.0, | (108.7, | (103.1, | (106.9, | (93.5, | (90.0, (86.4, .006
130.5) | 127.7) | 128.0) | 122.5) | 1185) | 109.5) | 118.4) | 102.9) | 98.0) 95.9)




P for group

. <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
difference
LDL-C, mg/dL
115.7 109.6 113.0 114.6
Non-Hispanic Asian - - - - - - (110.0, | (104.7, | (107.7, (106.8, .98
121.5) 114.6) 118.3) 122.5)
126.9 118.3 118.5 122.5 120.1 119.3 118.9 1154 113.6 113.4
Hispanic (124.2, | (1143, | (1145, | (1182, | (117.4, | (116.1, | (116.2, | (110.7, | (111.7, | (108.5, | <.001
129.7) | 122.2) | 122.4) | 126.8) | 122.9) | 122.4) | 121.6) | 120.2) | 1156) | 118.3)
121.4 121.2 115.5 112.1 113.8 116.2 112.8 109.2 108.9 110.8
Non-Hispanic Black | (117.3, | (116.8, | (112.2, | (1085, | (109.6, | (113.5, | (109.6, | (105.5, | (103.4, | (106.8, | <.001
1255) | 125.6) | 118.8) | 115.8) | 118.0) | 118.9) | 115.9) | 112.8) | 1145) | 114.8)
128.6 123.0 119.9 117.4 117.2 116.6 116.4 112.9 113.3 110.6
Non-Hispanic White | (125.1, | (120.0, | (117.3, | (114.1, | (115.4, | (113.3, | (114.0, | (110.8, | (110.4, | (107.0, | <.001
132.1) | 126.1) | 122.6) | 120.7) | 119.0) | 120.0) | 118.8) | 115.0) | 116.2) | 114.1)
P for group 041 167 091 016 036 471 098 243 512 752 <.001
difference
HDL-C, mg/dL
53.5 53.5 54.7 53.7
Non-Hispanic Asian - - - - - - (52.5, (52.2, (53.4, (52.4, .56
54.6) 54.7) 56.1) 55.0)
47.5 49.1 51.1 51.2 49.1 50.3 49.6 50.0 50.1 50.2
Hispanic (46.5, | (483, | (50.0, | (49.8, | (48.2, | (48.8, | (48.8, | (49.1, | (486, | (49.4, .035
48.5) 50.0) 52.3) 52.6) 50.0) 51.7) 50.5) 50.9) 51.6) 51.1)
53.4 54.3 56.4 57.0 56.5 54.9 54.5 54.7 58.0 56.3
Non-Hispanic Black | (51.9, | (53.0, | (55.0, | (56.2, | (55.5, | (53.5, | (53.5, | (53.6, | (57.0, | (55.4, .01
54.9) 55.6) 57.9) 57.9) 57.5) 56.2) 55.4) 55.8) 59.1) 57.3)
50.5 51.8 541 54.4 51.8 534 53.0 533 56.4 53.9
Non-Hispanic White | (48.6, | (51.0, | (53.0, | (53.6, | (50.2, | (52.2, | (51.7, | (52.6, | (54.9, | (52.7, | <.001
52.4) 52.6) 55.1) 55.2) 53.3) 54.5) 54.3) 54.1) 57.9) 55.2)
P for group 016 002 | <001 | <001 | .010 013 | <001 | <001 | <001 | <001 <.001
difference

Non-linear trend was tested by adding a quadratic term of survey time into regression models. If not significant, linear trend was tested.




Figure S1. Age-Sex-Adjusted Trends in Lipid Levels in US Adults after Multiple Imputation,
NHANES 1999-2018
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Error bars indicate 95% confidence intervals. Abbreviations: HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutrition Examination Survey.



Figure S2. Trends in prevalence of high LDL-C in US adults, NHANES 1999-2018
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ASCVD was defined as a self-reported history of coronary heart disease, heart attack, stroke, or angina.
Error bars indicate 95% confidence intervals. Abbreviations: ASCVD, atherosclerotic cardiovascular disease;
NHANES, National Health and Nutrition Examination Survey.



Figure S3. Trends in use of statin and another lipid-lowering drug in statin-eligible US adults,
NHANES 1999-2018
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Error bars indicate 95% confidence intervals.



Figure S4. Trends in non-statin use in statin-eligible US adults by drug class, NHANES 1999-
2018
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Figure S5. Trends in cholesterol screening in US adults by race and ethnicity, NHANES 1999-
2018
A. Cholesterol Ever Screened
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Error bars indicate 95% confidence intervals. Abbreviations: NHANES, National Health and Nutrition
Examination Survey.



Figure S6. Trends in lipid levels in US adults by race and ethnicity, NHANES 1999-2018
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LDL-C, low-density lipoprotein cholesterol. Abbreviations: NHANES, National Health and Nutrition

Examination Survey.
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