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IMPORTANCE Guidelines for patients with atherosclerotic cardiovascular disease (ASCVD)
recommend intensive statin therapy and adding nonstatin therapy if low-density lipoprotein
cholesterol (LDL-C) levels are 70 mg/dL or more. Compliance with guidelines is often low.

OBJECTIVE To track LDL-C treatment patterns in the US over 2 years.

DESIGN, SETTING, AND PARTICIPANTS GOULD is a prospective observational registry study
involving multiple centers. Patients with ASCVD receiving any lipid-lowering therapy (LLT)
were eligible. Between December 2016 and July 2018, patients were enrolled in 1of 3
cohorts: (1) those currently receiving proprotein convertase subtilisin/kexin type 9 inhibitor
(PCSK9i) and 2 groups not receiving PCSK9i drugs, with (2) LDL-C levels of 100 mg/dL or
more or (3) LDL-C levels of 70 to 99 mg/dL. Patients had medical record reviews and
telephone interviews every 6 months. Analysis was done on data collected as of October 5,
2020.

MAIN OUTCOMES AND MEASURES The primary outcome was the change in LLT use in 2 years.
Secondary outcomes included the number of LDL-C measurements, LDL-C levels, and
responses to structured physician and patient questionnaires over 2 years.

RESULTS A total of 5006 patients were enrolled (mean [SD] age, 67.8 [9.9] years; 1985
women [39.7%]; 4312 White individuals [86.1%]). At 2 years, 885 (17.1%) had LLT
intensification. In the cohorts with LDL-C levels of 100 mg/dL or more and 70 to 99 mg/dL,
LLT intensification occurred in 403 (22.4%) and 383 (14.4%), respectively; statins were
intensified in 115 (6.4%) and 168 (6.3%), ezetimibe added in 123 (6.8%) and 118 (4.5%), and
PCSK9i added in 114 (6.3%) and 58 (2.2%), respectively. In the PCSK9i cohort, 508 of 554
(91.7%) were still taking PCSKO9i at 2 years. Lipid panels were measured at least once over 2
years in 3768 patients (88.5%; PCSK9i cohort, 492 [96.1%]; LDL-C levels =100 mg/dL or
more, 1294 [85.9%]; 70-99 mg/dL, 1982 [88.6%]). Levels of LDL-C fell from medians
(interquartile ranges) of 120 (108-141) mg/dL to 95 (73-118) mg/dL in the cohort with LDL-C
levels of 100 mg/dL or more, 82 (75-89) to 77 (65-90) mg/dL in the cohort with LDL-C levels
of 70 to 99 mg/dL, and 67 (42-104) mg/dL to 67 (42-96) mg/dL in the PCSK9i cohort. Levels
of LDL-C less than 70 mg/dL at 2 years were achieved by 308 patients (21.0%) and 758
patients (33.9%) in the cohorts with LDL-C levels of 100 mg/dL or more and 70 to 99 mg/dL,
respectively, and 272 patients (52.4%) in the PCSK9i cohort. At 2 years, practice
characteristics were associated with more LLT intensification (teaching vs nonteaching
hospitals, 148 of 589 [25.1%] vs 600 of 3607 [16.6%]; lipid protocols or none, 359 of 1612
[22.3%] vs 389 of 2584 [15.1%]; cardiology, 452 of 2087 [21.7%] vs internal or family
medicine, 204 of 1745 [11.7%] and other, 92 of 364 [25.3%]; all P < .001) and achievement of
LDL-C less than 70 mg/dL (teaching vs nonteaching hospitals, 173 of 488 [35.5%] vs 823 of
2986 [27.6%]; lipid protocols vs none, 451 of 1411 [32.0%] vs 545 of 2063 [26.4%]; both

P < .001; cardiology, 523 of 1686 [30.1%] vs internal or family medicine, 377 of 1472 [25.6%]
and other, 96 of 316 [30.4%]; P = .003).

CONCLUSIONS AND RELEVANCE Of patients with ASCVD, most with suboptimal LDL-C levels at
baseline, only 171% had LLT intensification after 2 years, and two-thirds remained at an LDL-C
level greater than 70 mg/dL. Further intensive efforts are needed to achieve optimal LDL-C
management in patients with ASCVD.
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Primary 2-Year Results of GOULD, a Registry of Patients With Atherosclerotic Cardiovascular Disease in the US

ipid lowering is one of the most effective strategies to
reduce cardiovascular morbidity and mortality.! Clini-
cal benefits of low-density lipoprotein cholesterol
(LDL-C) level reduction have been seen in large randomized
clinical trials with statins, ezetimibe, and most recently,
proprotein convertase subtilisin/kexin type 9 inhibitors
(PCSKO9i)."®
In clinical practice, however, use of all classes of lipid-
lowering therapies (LLTs) has not matched the guideline rec-
ommendations, whether in outpatients with atherosclerotic
cardiovascular disease (ASCVD) or those hospitalized with a
myocardial infarction.”2 The American College of Cardiology/
American Heart Association (ACC/AHA) Multisociety'® and Eu-
ropean Society of Cardiology/European Atherosclerosis
Society'* guidelines have both been updated to reflect new trial
data, but limited data are available on the uptake of new thera-
pies and LDL-C level attainment following release of these
guidelines. The Getting to an Improved Understanding of Low-
Density Lipoprotein Cholesterol and Dyslipidemia Manage-
ment (GOULD) study is a prospective, multicenter, observa-
tional registry of patients with ASCVD. The primary study
objectiveis to describe and track LDL-C treatment patterns over
time in patients with clinical ASCVD in the US. In this report,
we describe the primary 2-year results.

Methods

Patients

The design of GOULD has been previously reported (Clinical-
Trials.gov identifier: NCT02993120).'® To be eligible for
inclusion in the registry, patients had to be at least 18 years
old and have established ASCVD, defined as having any 1 of
the following clinical conditions: a history of myocardial
infarction, coronary artery disease, coronary or other arterial
revascularization, ischemic stroke or transient ischemic
attack, carotid artery stenosis, or documented peripheral
arterial disease secondary to atherosclerosis (an aortic aneu-
rysm, an ankle-brachial index <0.9, imaging evidence of
>50% stenosis in any peripheral artery, or intermittent clau-
dication). Patients were enrolled into 1 of 3 cohorts: those
(1) currently receiving a PCSK9i; (2) not receiving a PCSK9i
with an LDL-C of 100 mg/dL or more (to convert to milli-
moles per liter, multiply by 0.0259); and (3) not receiving a
PCSK9i with an LDL-C level of 70 to 99 mg/dL. All patients
should have received some type of stable LLT for at least 4
weeks prior to enrollment, including those in the PCSK9i
cohort, at the discretion of the treating physician. Each site
obtained institutional review board approval; all patients
provided informed consent. Patients were not eligible for
inclusion in the registry if they were unable or unwilling to
provide informed consent for reasons including cognitive or
language barriers, or if they were currently participating or
planning to participate in an interventional clinical study
involving any investigational medical device or drug treat-
ment at the time of enrollment; had a life expectancy of less
than 12 months; or were currently pregnant, breastfeeding,
or planning a pregnancy.
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Key Points

Question Among patients with atherosclerotic cardiovascular
disease (ASCVD), how are lipids managed in real-world clinical
practice?

Findings GOULD is a prospective observational registry study
tracking lipid-lowering therapies for patients with ASCVD who had
baseline low-density lipoprotein cholesterol level of 70 mg/dL or
more or were taking a proprotein convertase subtilisin/kexin type
9 inhibitor. Over a 2-year period, only modest intensifications of
lipid-lowering therapies were observed (17.1%), with only 1in 3
patients achieving a low-density lipoprotein cholesterol level less
than 70 mg/dL at 2 years.

Meaning Further lipid-lowering therapy intensification efforts are
needed to achieve optimal cholesterol management in patients
with ASCVD.

Study Procedures

Study sites screened potentially eligible patients between De-
cember 2016 and July 2018, and those who were eligible were
asked to provide informed consent prior to enrollment. Data
collection and medical record reviews were conducted by re-
search personnel at the enrolling site at baseline and every 6
months for 2 years from the time of enrollment. The most re-
cent values and medication use were recorded in the elec-
tronic case report forms at the follow-up points. Through bi-
annual structured questionnaires (via telephone interviews),
patients were asked about their perceptions and attitudes to-
ward LLT. At each center, a physician was asked to fill out a
structured questionnaire regarding their perceptions and pat-
terns of use of LLT at the time of enrollment of the first pa-
tient and at 1 and 2 years following this date.

Outcome Variables

The primary outcome variable is the change in LLT over 2 years.
This outcome includes initiation or discontinuation of statin
therapy, ezetimibe, or PCSK9i; increasing or decreasing the dos-
age of a statin or PCSK9i; switching to a different type of statin
or PCSK9i; changes in other LLTs (including fish oil/w-3 prepa-
rations, bile acid sequestrants, mipomersen, lomitapide, apher-
esis, and any new LLT that entered the market after study ini-
tiation); and no changes in LLT. Intensive LLT was defined as
use of one of the following: a high-intensity statin, any statin
plus ezetimibe, or a PCSK9i. Secondary outcome variables as-
sessed over 2 years include performance of a blood test mea-
suring LDL-C and other lipid values, timing of lipid measure-
ment, LDL-C and other lipid values, and responses to the
physician and patient surveys.

Statistical Considerations

Descriptive statistics were used to describe management of lip-
ids at the 2-year follow-up, including achieved LDL-Clevel and
changes in LLT. For categorical variables, point estimates of out-
comes were generated. Continuous variables were summarized
viameans (SDs) and medians (interquartile ranges). Comparisons
between groups were made via x> test for categorical variables
and via 2-sample ¢ test for continuous variables. All analyses were
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Table 1. Baseline Characteristics®

Patient cohort, No. (%)

LDL-C
PCSK9i 2100 mg/dL 70-99 mg/dL Total
Characteristic (n =554) (n =1801) (n =2651) (N = 5006)
Age, mean (SD), y 65.9(9.7) 66.6 (10.3) 69.0 (9.6) 67.8(9.9)
Male 310 (56.0) 959 (53.2) 1752 (66.1) 3021 (60.3)
Female 244 (44.0) 842 (46.8) 899 (33.9) 1985 (39.7)
Race/ethnicity
White 505 (91.2) 1463 (81.2) 2344 (88.4) 4312 (86.1)
Black or African American 33(6.0) 261 (14.5) 208 (7.8) 502 (10.0)
Asian 6(1.1) 31(1.7) 56 (2.1) 93(1.9)
Other or multiple 9(1.6) 39(2.2) 38(1.4) 86 (1.7)
Hispanic or Latino 21(3.8) 198 (11.0) 177 (6.7) 396 (7.9)
Geographic US region
Northeast 115 (20.8) 236 (13.1) 406 (15.3) 757 (15.1)
Northwest 182 (32.9) 337 (18.7) 507 (19.1) 1026 (20.5)
South 179 (32.3) 944 (52.4) 1255 (47.3) 2378 (47.5)
West 78 (14.1) 284 (15.8) 483 (18.2) 845 (16.9) L .
BMI, mean (SD) 30.2(5.3) 30.8 (6.4) 30.5 (6.0) 30.6 (6.1) Apbreviations: BMI, body mass index
’ (calculated as weight in kilograms
Cardiovascular disease divided by height in meters squared);
Coronary artery disease 489 (88.3) 1361 (75.6) 2178 (82.2) 4028 (80.5) HDL-C, high-density lipoprotein
Cerebrovascular accident 47 (8.5) 214 (11.9) 252 (9.5) 513 (10.2) cholesterol; IQR._intt_erquartiIv_e range;
Peripheral arterial disease 73(13.2) 256 (14.2) 347 (13.1) 676 (13.5) tﬁ;;tg‘g’{;d:gé;gi"'z‘:g;:::gi‘n
Myocardial infarction 156 (28.2) 572 (31.8) 857 (32.3) 1585 (31.7) convertase subtilisin/kexin type 9

Type 2 diabetes 143 (25.8) 655 (36.4) 900 (33.9) 1698 (33.9) inhibitor.

Lipids, median (IQR), mg/dL S| conversion factor: To convert
LDL-C 67 (42-104) 120 (108-141) 82 (75-89) 91 (78-113) HDL-C, LDL-C, and total cholesterol
HDL-C 49 (41-60) 47 (39-58) 47 (39-57) 47 (39-58) to mmol/L, multiply by 0.0259;

Triglycerides 128 (92-178)

146 (119-188)

137 (97-193)

Total cholesterol 200 (182-224)

triglycerides to mmol/L, multiply by
0.0113.

@ Data are as of October 5, 2020.

115 (84-159)
156 (144-168)

124 (89-173)
168 (149-195)

performed using SAS version 9.4 (SAS Institute). Changesin LLT
were defined as an increase in the dosage of a current medica-
tion or addition of another lipid-lowering agent. The last obser-
vation carried forward was used for follow-up LLT usage, and
then the changes in LLT were rederived in patients without new
data at a given visit point. Data in this report are based on a data
set generated on October 5, 2020.

.|
Results

Between December 2016 and July 2018, 5006 patients were
enrolled at 119 participating centers evenly distributed across
the US. As of October 5, 2020, 4257 patients (85.0%) had com-
pleted 2 years of follow-up: 3745 (84.1%) in the LDL-C cohorts
and 512 (92.4%) in the PCSK9i cohort (eFigure 1 in Supple-
ment 1).

Atbaseline, patients had a mean (SD) age of 67.8 (9.9) years;
3021 (60.3%) were men, and 1985 (39.7%) were women; 4312
(86.1%) were White; 4028 (80.5%) had coronary artery dis-
ease; and 1698 (33.9%) had type 2 diabetes (Table 1). The co-
hort with LDL-C levels of 100 mg/dL or more had higher per-
centage of Black/African American patients (PCSK9i, 33 of 554
[6.0%]; LDL-C =100 mg/dL, 261 0f 1801 [14.5%]; LDL-C of 70-99
mg/dL, 208 of 2651 [7.8%]) and Hispanic patients (PCSK9i, 21
of 554 [3.8%]; LDL-C =100 mg/dL, 198 of 1801 [11.0%]; LDL-C
of 70-99 mg/dL, 177 of 2651 [6.7%]) than the other cohorts.
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Baseline statin use was 1558 (86.5%) and 2525 (95.2%) in the
cohort with LDL-C levels of 100 mg/dL or more (n = 1558) and
the cohort with LDL-C levels of 70 to 99 mg/dL (n = 2525), re-
spectively, although high-intensity statin therapy was used by
only 717 patients (39.8%) in the cohort with LDL-levels of
100 mg/dL or more and 1225 (46.2%) in the cohort with LDL-C
levels of 70 to 99 mg/dL. Ezetimibe was used by 194 (10.8%)
and 228 (8.6%), respectively. Among those treated with a
PCSKO9i at enrollment, 193 (34.8%) were also receiving a statin
and 114 (20.6%) were receiving ezetimibe at enrollment.

Over 2 years after enrollment, 3768 patients (88.5%) had
their LDL-C remeasured at least once (eFigure 2 in Supple-
ment 1). Lipid testing occurred more frequently among pa-
tients in the PCSK9i cohort. The median (interquartile range)
time from preenrollment LDL-C value to the first LDL-C mea-
surement was 189 (139-276) days. Levels of LDL-C were mea-
sured twice in 1033 patients (24.3%) and 3 times or more in 1855
patients (43.6%) by year 2. The mean (SD) time from medical
record review to next lipid profile was 210 (186) days.

Changes in LLT Over Time

By the 2-year follow-up, only 855 of 5006 patients (17.1%) had
some type of LLT intensification (Table 2), with 4191 (83.7%)
of these receiving a statin (with 2181 [43.6%] receiving a high-
intensity statin), 717 (14.3%) receiving ezetimibe, and 678
(13.5%) receiving a PCSK9i (Figure 1A). In the cohorts with
LDL-C levels of 100 mg/dL or more and 70 to 99 mg/dL, LLT

jamacardiology.com
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Table 2. Changes in Lipid-Lowering Therapy Use in Patients With Follow-up at 2 Years®

Patients, No. (%)

Low-density lipoprotein cholesterol

PCSK9i 2100 mg/dL 70-99 mg/dL Total
Parameter (n = 554)° (n =1801) (n = 2651) (N = 5006)
Any change in lipid-lowering therapy 232 (41.9) 643 (35.7) 714 (26.9) 1589 (31.7)
Lipid treatment intensification 69 (12.5) 403 (22.4) 383 (14.4) 855 (17.1)
Statin intensified® 7(1.3) 115 (6.4) 168 (6.3) 290 (5.8)
Statin added 20(3.6) 85 (4.7) 54 (2.0) 159 (3.2)
Ezetimibe added 22 (4.0) 123 (6.8) 118 (4.5) 263 (5.3)
PCSK9i added 10 (1.8)¢ 114 (6.3) 58(2.2) 182 (3.6)
Lipid treatment deescalation 103 (18.6) 153 (8.5) 214 (8.1) 470 (9.4)
Statin downtitrated 6(1.1) 33(1.8) 58(2.2) 97 (1.9)
Statin discontinued 28 (5.1) 108 (6.0) 108 (4.1) 244 (4.9)
Ezetimibe discontinued 22 (4.0) 38(2.1) 22 (0.8) 82 (1.6)
PCSK9i discontinued 46 (8.3)¢ 2 (0.1)f 0 48 (1.0)

Abbreviation: PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor.
2 Data are as of October 5, 2020.
b Receiving PCSK9i at baseline.

¢ Includes uptitration of the dosage of a previous statin or adding or switching to
amore potent statin.

dTen individuals in the PCSK9i cohort started taking a PCSK9i on or after the
date of enrollment and thus were considered to have added a PCSK9i after the

baseline period.

¢ Discontinuation of a PCSK9i was defined as a patient receiving a PCSK9i drug
at baseline (prior to the enrollment date) and not receiving a PCSK9i drug at
24 months.

f Seven individuals in the cohort with low-density lipoprotein cholesterol levels
of 100 mg/dL or more were receiving a PCSK9i at baseline; 2 discontinued
taking a PCSK9i during 2 years of follow-up.

intensification was carried out in 403 patients (22.4%) and 383
patients (14.4%), respectively: statin dosage was intensified in
115 patients (6.4%) and 168 patients (6.3%), a statin was initi-
ated in 85 (4.7%) and 54 (2.0%), ezetimibe was added in 123
(6.8%) and 118 (4.5%), and a PCSK9i was added in 114 (6.3%)
and 58 (2.2%), respectively (Table 2). Figure 1B, C, and D de-
scribes LLT used in patients at baseline and the 2-year point
in each patient group. Of note, 950 patients (52.7%) and 1451
patients (54.7%) in the cohorts with LDL-C levels of 100 mg/dL
or more and LDL-C levels of 70 to 99 mg/dL, respectively, were
receiving intensive LLT at 2 years, compared with 787 (43.7%)
and 1310 (49.4%) at baseline.

In the PCSK9i cohort, 69 patients (12.5%) had LLT inten-
sification in the 2 years since enrollment (Table 2), with 185
(33.4%) receiving a statin (with 101 [18.2%] receiving a high-
intensity statin), 114 (20.6%) receiving ezetimibe, and 501
(90.4%) continuing to take a PCSK9i (Figure 1B). Of the 501 pa-
tients who continued to take a PCSK9i, 180 (35.9%) were re-
ceiving PCSK9i monotherapy and 321 (64.1%) were receiving
aPCSKO9i plus another LLT (data not shown). Since baseline, 7
(1.3%) uptitrated their statin, 20 (3.6%) added a statin, and 22
(4.0%) added ezetimibe. Furthermore, 28 (5.1%) discontin-
ued and 6 (1.1%) downtitrated their baseline statin (Table 2).
Of the 250 patients receiving PCSK9i (45.1%) who had LDL-C
levels greater than 70 mg/dL at baseline, 41 (16.4%) had LLT
intensification at 2 years; 5 (2.0%) uptitrated their statin, 12
(4.8%) added ezetimibe, 8 (3.2%) increased the dosage of the
PCSK9i, and 13 (5.2%) added another type of LLT (data not
shown).

eFigure 3in Supplement 1 shows changes in the use of dif-
ferent types of LLT over time, including before and after pub-
lication of the 2018 ACC/AHA cholesterol guidelines. Little
change was noted over time in the PCSK9i cohort. In the LDL-C
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cohorts, there was an absolute increase of 4.0% (from 42.3%
to 46.3%) in the use of high-intensity statin therapy the year
before the guideline published, but only 2.5% (from 46.3% to
48.8%) after the guideline was published. For ezetimibe and
PCSKO9i before and after the guideline published, annual in-
creases of approximately 3% for ezetimibe (2018, 9.8%; 2019,
13.1%; 2020, 16.1%) and 2% for PSCK9i (2018, 0.9%; 2019, 2.9%;
2020, 4.6%) were noted in the LDL-C cohorts.

LDL-C Levels
The levels of LDL-C fell from a median (interquartile range) of
120 (108-141) mg/dL to 95 (73-118) mg/dL in the cohort with
LDL-C levels of 100 mg/dL or more (P < .001), from 82 (75-
89) mg/dL to 77 (65-90) mg/dL in the cohort with LDL-C lev-
els of 70 to 99 mg/dL (P < .001), and was stable at 68 (43-
104) mg/dL at baseline and 67 (42-96) mg/dL at 2 years in the
PCSK9i cohort (P = .77) (Figure 2). Across all patients, 281 (6.7%)
had LDL-C levelsless than 70 mg/dL at baseline (1[0.1%] in the
cohort with LDL-C levels of 2100 mg/dL, 19 [0.9%] in the co-
hort with LDL-C of 70-99 mg/dL, and 261[51.6%] in the PCSK9i
cohort), and this increased to 1338 (31.7%) at 2 years, indicat-
ing that approximately 1057 patients (25.1%) lowered their
LDL-C level below the current threshold at 2 years. Levels of
LDL-Cless than 70 mg/dL at 2 years were achieved by 308 pa-
tients (21.0%), 758 patients (33.9%), and 272 patients (52.4%)
of patients in the cohort with LDL-C levels of 100 mg/dL or
more, the cohort with LDL-C levels of 70 to 99 mg/dL, and the
PCSK9i cohort, respectively (Figure 3A). Among patients in the
PCSKO9i cohort receiving monotherapy or a PCSK9i plus an-
other LLT, 78 (46%) and 128 (64%) achieved an LDL-Clevel less
than 70 mg/dL, respectively (Figure 3B).

Looking at the lower European Society of Cardiology goal,
618 (14.7%) of all enrolled patients, 146 patients (10%) in the
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Figure 1. Use of Lipid-Lowering Therapies (LLT) at Baseline and 2 Years Among Patients Enrolled in the GOULD Registry
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Figure 2. Median Low-Density Lipoprotein Cholesterol (LDL-C) Over 2 Years of Follow-up in the GOULD Registry
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cohort with LDL-C levels of 100 mg/dL or more, 265 patients
(11.9%) in the cohort with LDL-C levels of 70 to 99 mg/dL, and
207 (39.9%) in the PCSK9i cohort achieved an LDL-C level of
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less than 55 mg/dL at 2 years (Figure 3A). Among patients in
the PCSK9i cohort receiving monotherapy and PCSK9i plus an-
other LLT, 56 (33%) and 101 (50%) achieved an LDL-C level less
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Figure 3. Follow-up at 2 Years
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Cholesterol and Dyslipidemia Management (GOULD) registry. B, Percentage of

patients who achieved LDL-C levels less than 70 mg/dL and less than 55 mg/dL
at 2 years among users of proprotein convertase subtilisin/kexin type 9 inhibitor
(PCSK9i) drugs as monotherapy and in combination with a statin drug or
ezetimibe.

than 55 mg/dL, respectively (Figure 3B). Conversely, 1057 pa-
tients (25.1%) still had LDL-C levels greater than 100 mg/dL at
the 2-year follow-up.

Subgroups

eTable 1in Supplement 1 shows subgroups of patients and their
rates of LLT intensification and of achievement of LDL-C less
than 70 mg/dL at 2 years. Those with baseline LDL-C levels of
100 mg/dL or more had more intensification of therapy but
achieved guideline-recommended LDL-C levels less often. In-
tensification of LLT was seen more often in those who were
married (unmarried, 233 0f 1474 [15.8%] vs married, 513 of 2652
[19.3%]; P = .005), had a high household income (<$75 000,
496 0f 3075 [16.1%]; 2$75 000, 245 0f 1034 [23.7%]; P < .001),
and had insurance (private, Medicare, and Medicaid; in-
sured, 692 of 3808 [18.2%] vs uninsured, 94 of 644 [14.6%];
P = .03). We observed that patients of non-White race and His-
panic ethnicity both had significantly lower rates of LLT
intensification (White, 697 of 3807 [18.3%] vs non-White, 89
of 645 [13.8%]; P = .005; Hispanic, 46 of 375 [12.3%] vs non-
Hispanic, 736 of 4056 [18.1%]; P = .004) and LDL-C goal
achievement (White, 946 of 3191 [29.6%] vs non-White, 120
of 508 [23.6%]; P = .005; Hispanic, 70 of 314 [22.3%] vs non-
Hispanic, 991 of 3367 [29.4%]; P = .008) at 2 years. Achieve-
ment of LDL-C levels less than 70 mg/dL occurred more fre-
quently among patients who had diabetes (without diabetes,
645 of 2350 [27.4%] vs with diabetes, 421 of 1349 [31.2%];
P =.02) and those with baseline LDL-C levels of 70 to 99 mg/dL
(70-99 mg/dL, 758 of 2235 [33.9%] vs 2100 mg/dL, 308 of 1464
[21.0%]; P < .001). These patients were also more often male
(women, 333 of 1435 [23.2%] vs men, 733 of 2264 [32.4%];
P < .001), married (unmarried, 322 of 1201 [26.8%] Vs
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married, 693 of 2253 [30.8%]; P = .02), college educated (no,
616 0f 2227 [27.7%] Vs yes, 398 0f 1213 [32.8%]; P = .002), and
with an annual household income of $75 000 or more (no, 712
0of 2548 [27.9%] vs yes, 302 of 893 [33.8%]; P < .001).

eTable 2 in Supplement 1 examines some characteristics
of the practices that associated with LLT intensification and
achievement of LDL-C levels less than 70 mg/dL: both were
more common at those sites affiliated with teaching hospi-
tals (LLT intensification: teaching hospitals, 148 of 589 [25.1%]
vs nonteaching hospitals, 600 0of 3607 [16.6%]; P < .001; LDL-C
levels <70 mg/dL: teaching hospitals, 173 0f 488 [35.5%] vs non-
teaching hospitals, 823 0f 2986 [27.6%]; P < .001), those where
lipid protocols were in place (LLT intensification: lipid proto-
cols, 359 of 1612 [22.3%] vs no lipid protocols, 389 of 2584
[15.1%]; P < .001; LDL-C levels <70 mg/dL: lipid protocols, 451
of 1411 [32.0%] vs no lipid protocols, 545 of 2063 [26.4%];
P <.001), and at cardiology sites (LLT intensification: cardi-
ology, 452 of 2087 [21.7%] vs internal or family medicine, 204
of 1745 [11.7%] and other, 92 of 364 [25.3%]; P < .001; LDL-C
levels <70 mg/dL: cardiology, 523 of 1686 [30.1%] vs internal
or family medicine, 377 of 1472 [25.6%] and other, 96 of 316
[30.4%]; P = .003). Some regional differences existed, with the
highest rates of LLT intensification in the Northwest (178 of 798
patients [22.3%]). On the physician survey, if the lead physi-
cian noted that the ideal goal for patients with ASCVD was an
LDL-C level of less than 70 mg/dL or reported prescribing an
nonstatin LLT ifan LDL-C level remains high despite statin use,
patients at those practices more often had intensification of
LLT prescribed (described as a goal LDL-C level <50 mg/dL: 25
0f187[13.4%] vs <70 mg/dL, 578 0of 2995 [19.3%]; P < .001; pre-
scribed a nonstatin if the LDL-C level remained high, 558 of
2922[19.1%] vs did not prescribe, 187 0f 1255 [14.9%]; P = .001)
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and achieved an LDL-C less than 70 mg/dL (described as a goal
LDL-C level <50 mg/dL: 34 of 163 [20.9%] vs <70 mg/dL, 767
0f2487[30.8%]; P < .001; prescribed a nonstatin if the LDL-C
level remained high, 718 of 2405 [29.9%] vs did not pre-
scribe, 274 of 1055 [26.0%]; P = .02).

.|
Discussion

In this prospective, national registry of patients with ASCVD
across a wide spectrum of practices in the US, we observed
that only a small percentage of patients (17.1%) who started
with an LDL-C level above the threshold of 70 mg/dL had
their therapy intensified over the next 2 years. With practice
tracked over time, these modest changes (absolute increases
between 2% and 4% annually) in the use of high-intensity
statin therapy, ezetimibe, and PCSK9i (eFigure 3 in Supple-
ment 1) showed no apparent change in the rate of increase
after publication of the 2018 ACC/AHA guidelines.'® While
LDL-C levels did improve, especially in those with initial
LDL-C levels greater than 100 mg/dL, even after 2 years,
two-thirds of patients overall still had LDL-C levels greater
than 70 mg/dL. In those treated with PCSK9i drugs, LDL-C
levels had a mean of less than 70 mg/dL, and use of these
agents had high persistence. However, with two-thirds of
the patients still at or above the recommended LDL-C
threshold of 70 mg/dL at 2 years, further intensive efforts are
needed to achieve optimal LDL-C management in patients
with ASCVD.

There was variability in those who underwent LLT inten-
sification, with variation noted among different patient groups
and by physician practice type and approach to LLT at base-
line. As noted in many prior studies, we too saw that at base-
line, high-intensity statin therapy and ezetimibe are under-
used in these patients with ASCVD in real-world practice in the
US.7%1>When looking at trends over time, there are only mod-
est changes in the use of high-intensity statin therapy, ezeti-
mibe, and PCSK9i drugs, despite new large cardiovascular out-
comes trials being published in 2017,% 2018,* and 2019'° with
both PCSK9i monoclonal antibodies and ezetimibe, as well as
the 2018 ACC/AHA Multisociety cholesterol guidelines.'® This
illustrates how slowly clinical practice changes, even with the
publication of new evidence and guidelines. Cost hurdles and
administrative burdens in prescribing also have been factors
for newer therapies, such as PCSK9i drugs. Despite announce-
ments of 60% cost reductions in late 2018 and early 2019, we
saw no apparent change in PCSK9i use relative to the modest
steady increases already occurring.

Furthermore, we observed significantly lower rates
of LLT intensification in patients of non-White race and
Hispanic ethnicity. Our data highlight the need for new
approaches to improve implementations of the guidelines
into clinical practice, especially across diverse populations.
Our finding that physician attitude on the ideal goal for
LDL-C level was one of the factors associated with more
intensification and LDL-C level achievement suggests that
more intensive education programs may help improve
guideline implementation and adherence. Interestingly,
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even simple monitoring of lipids (in patients who were not at
an ideal LDL-C level and thus should have had repeated lipid
measurements taken) was underused, with 89% of patients
having follow-up lipid measurement over 2 years of follow-
up. Among these patients, approximately 1 in 3 achieved an
LDL-C level of less than 70 mg/dL, which implies that only
20% of patients in the total cohort lowered their LDL-C level
below the currently recommended threshold for consider-
ation of additional LLT.

The 2019 European Society of Cardiology/European
Atherosclerosis Society guidelines'* have recommended an
LDL-Clevel goal of less than 55 mg/dL and at least 50% reduc-
tion in LDL-C level from baseline for patients at very high
risk, such as those enrolled in this registry, on the basis of re-
cent trials.?>* We found that by 2 years, in those with LDL-C
values measured, about 15% achieved LDL-C levels less than
55 mg/dL. Interestingly, very few patients who were in the
LDL-C cohorts achieved this, but among those taking a PCSK9i,
40% had their LDL-C values below this level. Thus, as guide-
lines adopt lower goals, the need for more potent agents, such
as PCSK9i drugs, will be greater.

Our data at baseline reinforce the findings in the Patient
and Provider Assessment of Lipid Management (PALM)
registry.'” This registry enrolled 7938 patients with ASCVD or
risk factors from 140 practices in the US.'® They observed that
only 47.3% were receiving the recommended statin intensity.
They also found that patients managed by cardiologists were
more often prescribed high-intensity statin therapy. The
GOULD registry now adds an understanding how treatment
patterns evolved the following 2 years. While some improve-
ment was seen, it was disappointing to see that most patients
still did not lower their LDL-C level below the current thresh-
old of 70 mg/dL.

In addition to physician clinical inertia and guideline up-
dates, patient adherence to statins and high-intensity statin
therapy is suboptimal. Among patients who fill a high-
intensity statin prescription following discharge for a myocar-
dial infarction, adherence declines to 58.9% at 6 months and
41.6% at 2 years.® Low rates of persistence and adherence to
statin therapy in patients with coronary heart disease is more
frequent in those who are newly using high-intensity statins
and Black and Hispanic patients than White patients.® Efforts
to initiate moderate-intensity statin therapy in patients who
discontinue high-intensity statin therapy after a myocardial in-
farction may improve persistence!® and reduce recurrence and
mortality.2°

Limitations

Our study has several limitations. This registry is not a popu-
lation-based study and is being conducted solely in the US,
which has implications for generalizability outside the US. Prac-
tices participating in the registry may provide better quality
of care than the national average. Also, the population en-
rolled may not represent all demographics and underrepre-
sented groups. However, we enrolled patients from a wide
range of centers across all regions of the US and different prac-
tice settings (eTable 2 in Supplement 1) to make the registry
as representative as possible. We should also note that this is
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aselective cohort of patients who agreed to volunteer and pro-
vide consent. While prescribed medications are documented

Original Investigation Research

Conclusions

in the medical records, we do not have information on pa-

tient adherence. We did not collect a pretreatment LDL-C level,
sowe could not calculate the percentage change in LDL-C level,
another metric cited in the guidelines. There was incomplete
follow-up in some patients, and there are some differences in
the demographics of those who completed the follow-up
(eTable 3in Supplement 1). Interestingly, those with prior myo-
cardial infarction or percutaneous coronary intervention
tended to have better follow-up than those without. Finally,
there could be unmeasured factors not assessed that might
explain differences (or lack thereof) in prescribing LLT.
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