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Background: This study evaluated the proportion of patients with atherosclerotic cardiovascular
disease (ASCVD) and probable heterozygous familial hypercholesterolemia (HeFH)
achieving $50% reduction in low-density lipoprotein cholesterol (LDL-C) or reaching the
LDL-C #70 mg/dL threshold, after initiating or modifying statin, and/or ezetimibe therapy.
Materials and methods: Adult ASCVD patients with baseline LDL-C .70 mg/dL (index)
and a subset of patients with probable HeFH (proxied by LDL-C $190 mg/dL) were identified
between January 1, 2012, and August 31, 2014, from the IQVIA electronic medical record
database. Patients were followed for 12 months pre-index to examine baseline lipid-lowering therapy (LLT) use, and 12 months post index to evaluate treatment modifications and post-treatment
LDL-C levels, stratified by type of treatment received and LDL-C levels at baseline.
Results: Of the sample of ASCVD patients who initiated treatment post-index (n=111,147),
only 7.6% patients achieved a $50% reduction from baseline LDL-C and 19.1% of patients
reached the LDL-C #70 mg/dL threshold. Among treated ASCVD patients who modified
therapy post-index (n=75,523), 5.6% achieved a $50% reduction in LDL-C, and proportion of
patients achieving LDL-C #70 mg/dL ranged from 6.9% to 26.7%, depending on the baseline
LDL-C levels. Approximately 50% of the untreated probable HeFH patients (n=3,064) initiated
LLT; however, the mean (SD) post-treatment LDL-C remained high (136.2 [47.8] mg/dL), with
only 4.4% reaching LDL-C #70 mg/dL. Of the treated probable HeFH patients (n=1,073),
41.5% modified treatment; 22.1% achieved a $50% reduction in LDL-C and 1.1% reached
LDL-C #70 mg/dL.
Conclusion: This study found that most patients had suboptimal LDL-C responses after
initiating or modifying standard LLT (statin and/or ezetimibe). More frequent and aggressive
lipid management, including increasing statin intensity and alternative therapies, may be needed
in patients with ASCVD and probable HeFH to reduce their cardiovascular risk.
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Cardiovascular disease (CVD) is the leading cause of death in the US, with more than
600,000 related deaths annually.1 Atherosclerotic cardiovascular disease (ASCVD) is
a form of heart disease characterized by plaque build-up in the arteries that can lead
to stroke, myocardial infarction (MI), and other life-threatening vascular events.2,3
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Heterozygous familial hypercholesterolemia (HeFH) is an
inherited lipid disorder associated with premature CVD.4,5
Elevated low-density lipoprotein cholesterol (LDL-C) is associated with increased cardiovascular (CV) risk and adverse
clinical outcomes in both ASCVD and HeFH patients.
The American College of Cardiology and American Heart
Association (ACC/AHA) 2013 guidelines suggested a 50%
reduction in LDL-C from baseline, while others, including
prior version of the ACC/AHA guidelines, have suggested
an LDL-C #70 mg/dL as a treatment target6 for ASCVD and
HeFH patients. The 2013 ACC/AHA guidelines also recommended use of high-intensity statins for all patients with
ASCVD or HeFH. Prior to the release of the 2013 guidelines,
a number of studies reported that many patients failed to reach
recommended LDL-C thresholds.7–11 Prior to the widespread
availability of generic statins, 1 in 4 high-risk patients who
were eligible for lipid-lowering therapy (LLT) remained
untreated.7 It is not known if this has changed given the new
guidelines, availability of generic statins, and expansion of
insurance coverage with the Affordable Care Act.
The 2013 ACC/AHA cholesterol-lowering guidelines
emphasize that treatment intensity should match the risk
for adverse ASCVD events.6,10 This differs from previous
guidelines that favored achieving LDL-C goal levels based on
the estimated extent of CV risk.10,12 Statin agents are recommended as first-line therapy to manage ASCVD and HeFH;
however, treatment with the cholesterol absorption inhibitor,
ezetimibe, and/or a proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitor (such as evolocumab or alirocumab)
may also be warranted in patients who cannot achieve
adequate LDL-C control on a statin alone.4,13–15 Evidence
supporting statin therapy augmentation finds that adherence
to statin therapy is suboptimal and that discontinuation rates
are higher among patients prescribed high-intensity statin
doses (eg, those at high CV risk and those with suboptimal
response to a moderate-intensity dose).11,16–18 In addition,
despite receiving statin therapy, patients at high CV risk are
found to have an elevated 1-year risk of ASCVD-related
re-hospitalization.11 To this point, the 2016 ACC/AHA expert
consensus decision pathways describe the role of non-statin
therapies in lowering LDL-C.19
The objective of this study was to evaluate the proportion
of patients with ASCVD and subset of patients with ASCVD
and probable HeFH (ASCVD + HeFH, proxied by a baseline
LDL-C .190 mg/dL) with a baseline LDL-C .70 mg/dL who
reached an LDL-C threshold of #70 mg/dL and/or $50%
reduction from baseline LDL-C after treatment initiation
or modification.
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Materials and methods
Data source
The patient sample was drawn from the IQVIA US ambulatory electronic medical record (EMR) database containing
approximately 47 million patient records from an “opt-in”
provider research network. This aggregated database is
comprised of records collected across 40,000 physicians in
large practices and physician networks. Approximately 40%
of contributing physicians are primary care practitioners and
the remainder are specialists. IQVIA ambulatory EMR database has been used in previous retrospective observational
studies.20–22 This study used data from January 1, 2011, to
August 31, 2015; information on demographics, patient care
episodes, risk factors, laboratory tests, diagnoses, procedures,
and written prescriptions was included.

Patient selection
The study population was patients with at least a valid LDL-C
lab value (ranging from 20 to 500 mg/dL) between January 1,
2012, and August 31, 2014. The first valid LDL-C value was
considered a patient’s baseline LDL-C and defined as their
index date. Patients also had to have at least one recorded
visit within the 12 months prior to their index date; evidence
of ASCVD in the 12 months prior or on their index date; and
at least 1 visit more than 12 months after their index date to
ensure they were still active in the EMR. Patients with data
quality issues, such as missing age, gender, or prescription
data, were excluded. Eligible patients were followed for
12 months post-index.
The definition of ASCVD was based on the ACC/AHA
definition and included MI, stroke, transient ischemic attack,
peripheral artery disease, and stable or unstable angina.
Patients with an ICD-9 diagnosis for any of these conditions
prior to their first LDL-C assessment were categorized
as having ASCVD. A subset of ASCVD patients were
considered probable HeFH if the baseline LDL-C value
was $190 mg/dL per the ACC/AHA 2016 expert consensus
decision pathway.19

Cohort definition
Prior exposure to treatment was defined as a prescription
order for a statin and/or ezetimibe. Patients were first
categorized into one of four mutually exclusive baseline
treatment cohorts based on their most recent prescriptions
for statins or ezetimibe on or within 12 months before
the index date: 1) untreated (no prescription order for a
statin or ezetimibe); 2) statin only ($1 prescription for
statin and no prescription for ezetimibe); 3) ezetimibe only
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($1 prescription for ezetimibe and no prescriptions for a
statin); and 4) statin + ezetimibe ($1 prescription order for
both a statin and ezetimibe, or $1 prescription order for a
statin/ezetimibe combination product). This study assumed
that if orders for a statin and ezetimibe were both observed
within 12 months pre-index or at index, they were used
concurrently, and the patient was classified into the “statin +
ezetimibe” cohort. Use of other lipid-lowering agents including niacin and bile acid sequestrates was not evaluated.
Patients’ prior use of statins were further categorized and
evaluated by statin dose intensity (low, moderate, high – see
Table S1). The algorithm used to classify statin intensity was
based on the 2013 ACC/AHA cholesterol guidelines.6

Measures
Patients were followed for 12 months post-index LDL-C
assessment to evaluate their LDL-C outcomes, separately
for those who initiated treatment and those who modified
their prior LLT. Treatment initiation was use of any LLT
in patients with no prior LLT treatment. Treatment modification was defined as switching statins, changing statin
dose intensity, or augmenting current statin therapy with
ezetimibe. “Switching” was defined as changing to a different statin while maintaining the same statin intensity level;
“changing statin intensity” was defined as moving from
one statin to another with a different intensity or changing
the dose of their current statin where the new dose change
resulted in a change in statin intensity; and “augmenting” was
defined as adding ezetimibe to the statin regimen.
Demographic characteristics were measured on the
index date including age, age group (,18, 18–44,
45–54, 55–64, and $65 years), gender, and geographic
region (Northeast, South, Midwest, and West). Clinical
characteristics included Charlson Comorbidity Index (CCI)
score (Dartmouth-Manitoba adaptation), comorbidities
(diabetes, hypertension, and dyslipidemia identified by
using International Classification of Diseases, Ninth and
Tenth Revision, Clinical Modification [ICD-9-CM and
ICD-10 CM] diagnosis codes), baseline LDL-C, evidence
of use of antidiabetic, antiarrhythmic, and antihypertensive
therapy, body mass index, and specialty of treating physician
(prescriber for baseline treatment or LDL-C lab test). Except
for LDL-C, which was measured on the index date, clinical
characteristics were assessed during the 12-month pre-index
period, including the index date.
The primary outcome of interest was reaching LDL-C
goal, defined as LDL-C of #70 mg/dL or a $50% reduction in LDL-C from baseline post-treatment initiation or

Therapeutics and Clinical Risk Management 2018:14

LLT and LDL-C outcomes

modification. These measures were evaluated separately in
patients who newly initiated statin and/or ezetimibe after
index and in those who with prior statin or ezetimibe experienced a treatment modification during the post-index period.
The first LDL-C value recorded 30 days to 12 months after
treatment initiation or modification was used to determine
attainment of LDL-C outcomes while allowing time for the
new regimen to take effect. For all analyses, patients were
further categorized into three groups by baseline LDL-C
level: 71–100 mg/dL, 101–130 mg/dL, and .130 mg/dL.
All analyses were conducted using SAS v9.2 (SAS
Institute Inc., Cary, NC, USA) and no statistical comparisons were performed for this descriptive study. Outcomes
were stratified by treatment cohort or index LDL-C (where
applicable), and conducted separately for ASCVD and
ASCVD + probable HeFH groups. The IQVIA ambulatory
EMR database is a proprietary and HIPAA-compliant
database. All patient data are de-identified, and no direct
subject contact or primary collection of individual human
subject data occurred. In addition, study results were in
tabular form and aggregate analyses omitted subject identification; therefore, informed consent, ethics committee, or
IRB approval were not required.

Results
Study subgroups
A total of 4,431,936 patients with a valid LDL-C value
during the study index period (January 1, 2012, to August
31, 2014) and a diagnosis of ASCVD in the pre-index period
were initially identified in the database. Of these, 260,607
(5.9%) remained after applying other inclusion and exclusion
criteria. For this study, the 71.6% (n=186,670) of patients
with an uncontrolled baseline LDL-C .70 mg/dL (Table 1)
were selected for analysis. Of those, 50.5% had an LDL-C
71–100 mg/dL, 29.2% had an LDL-C 101–130 mg/dL;
20.3% had an LDL-C .130 mg/dL; and 2.2% had an
LDL-C $190 mg/dL (probable HeFH patients; Table 2).

Sample characteristics
Among the 186,670 ASCVD patients with index LDL-C
values .70 mg/dL, the proportion of males ranged from
40.9% in the LDL-C .130 mg/dL group to 55.4% in the
LDL-C 71–100 mg/dL group (Table 1). Mean (SD) ages
among these subgroups decreased from 69.7 (10.8) years for
the LDL-C 71–100 mg/dL group to 67.5 (11.9) years for the
LDL-C 101–130 mg/dL group and 66.0 (12.0) years for the
LDL-C .130 mg/dL group. The largest group of patients
resided in the US southern region (36.8%). Aside from
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Table 1 All ASCVD sample: demographic and clinical characteristics
Demographic and clinical
characteristics

All ASCVD, N=186,670
All ASCVD, index LDL-C
value .70 mg/dL
N=186,670 (100%)

Index LDL-C value
71–100 mg/dL
n=94,323 (50.5%)

Index LDL-C value
101–130 mg/dL
n=54,424 (29.2%)

Index LDL-C
value .130 mg/dL
n=37,923 (20.3%)

Age in years, mean (SD)

68.29 (11.45)

69.66 (10.79)

67.51 (11.85)

66.02 (12.00)

,18

0.0

0.1

0.1

0.0

18–44

0.8

2.4

4.1

4.8

45–54

2.6

7.3

10.7

13.3

55–64

9.5

18.7

21.4

23.9

.65

20.5

71.7

63.8

58.0

Male

50.3

55.4

48.0

40.9

Female

49.7

44.6

52.1

59.1

Northeast

26.9

27.4

26.4

26.2

South

36.8

35.8

37.4

38.5

Midwest

20.6

20.7

20.5

20.7

West

15.7

16.1

15.7

14.5

0

99.5

99.5

99.5

99.4

.0

0.5

0.5

0.5

0.6

Mean (SD)

0.01 (0.08)

0.01 (0.07)

0.01 (0.07)

0.01 (0.08)

Diabetes

27.3

30.1

25.0

23.8

Hypertension

65.3

68.0

63.8

60.8

Dyslipidemia

68.1

71.1

63.9

66.5

Coronary disease

39.1

41.6

36.6

36.7

Cerebrovascular disease

17.4

16.1

18.5

19.1

Peripheral vascular
disease

54.1

54.0

54.6

53.7

108.12 (31.60)

84.73 (8.52)

113.81 (8.52)

158.12 (26.89)

1 (index test)

43.5

43.6

44.6

41.6

2

31.2

31.7

30.5

31.1

3

14.6

14.5

14.4

15.3

4

6.5

6.4

6.4

7.1

.4

4.1

3.8

4.2

5.0

Antidiabetic

17.2

19.0

15.8

14.9

Antiarrhythmic

0.5

0.5

0.5

0.4

Antihypertensive

59.9

62.6

58.6

55.4

Patients with BMI, %

91.0

90.9

91.1

91.0

Mean (SD)

29.46 (6.48)

29.44 (6.41)

29.43 (6.61)

29.53 (6.47)

Age groups, %

Gender, %

Geographic region, %

CCI score, %

Comorbidities, %

Index LDL-C, mg/dL
Mean (SD)
Number of LDL-C tests, %

Medications, %

Index BMI

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCI, Charlson Comorbidity Index; LDL-C, low-density lipoprotein cholesterol.
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Table 2 Probable HeFH sample: demographic and clinical
characteristics
Demographic and
clinical characteristics

Probable HeFH patients

Age in years, mean (SD)

65.32 (11.57)

Index LDL-C value
.190 mg/dL
n=4,137 (2.2%)

Age groups, %
,18

0.0

18–44

3.9

45–54

14.6

55–64

26.9

.65

54.7

Gender, %
Male

33.9

Female

66.1

Geographic region, %
Northeast

25.7

South

40.4

Midwest

21.3

West

12.6

CCI score, %
0

99.2

.0

0.8

Mean (SD)

0.01 (0.09)

Comorbidities, %
Diabetes

26.0

Hypertension

62.7

Dyslipidemia

72.0

Coronary disease

40.2

Cerebrovascular disease

18.2

Peripheral vascular disease

52.5

Index LDL-C, mg/dL
Mean (SD)

215.97 (30.92)

Number of LDL-C tests, %
1 (index test)

38.0

2

31.3

3

16.7

4

8.1

.4

5.9

Medications, %
Antidiabetic

16.3

Antiarrhythmic

0.3

Antihypertensive

56.2

Index BMI
Patients with BMI, %

90.8

Mean (SD)

29.63 (6.49)

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; HeFH,
heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol.
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underlying ASCVD, the overall study population had few
serious co-morbidities with over 99% patients in all LDL-C
subgroups having a CCI=0. However, a high proportion of
patients in all LDL-C subgroups had comorbid hypertension
(65.3%), and most patients used antihypertensives, ranging
from 62.6% of those in the 71–100 mg/dL group to 55.4% of
those in the .130 mg/dL group. Use of antidiabetic medication was observed in 27.3% of the study sample. Very few
patients used antiarrhythmics (0.4%–0.5%; Table 1).
The ASCVD + probable HeFH subgroup had a mean (SD)
age of 65.3 (11.6) years, and 66.1% of them were female
(Table 2). The comorbidity profile of this subgroup suggested
few serious comorbidities (mean [SD] CCI: 0.01 [0.09]; 99%
with CCI=0); however, a high proportion of these patients had
hypertension (62.7%). Most of these patients used antihypertensives (56.2%) but use of antidiabetics (16.3%) was lower.
Few patients were on antiarrhythmics (0.3%). The mean (SD)
index LDL-C for this subgroup was 215.97 (30.92; Table 2).
In terms of prescriptions for LLT, of the final study
sample (n=186,670; LDL-C .70 mg/dL at baseline), only
40.5% (n=75,523) had prior LLT treatment at baseline
(Figure 1); the majority (92.1%) received statins only; 2.4%
were receiving ezetimibe only; and 5.5% were receiving
statin + ezetimibe. Prior LLT treatment was also not common in patients with HeFH; of the 4,137 HeFH sample, only
1,073 (25.1%) were previously treated (Table 5).

LDL-C goal achievement in ASCVD patients
Untreated patients initiating post-index therapy

Of the overall study sample that were untreated at baseline
(n=111,147), only 34.8% (n=38,684) initiated treatment
in the post-index period, with the vast majority (94.9%,
n=36,716) initiating statins alone, 3.0% (n=1,177) initiating
ezetimibe alone, and only 2.0% (n=791) initiating ezetimibe
in combination with a statin (Table 3, Figure 1).
Among all patients initiating treatment post-index, 60.9%
(n=23,550) had an LDL-C assessment post-treatment; among
these, less than one fifth (19.1%, n=4,501) achieved an
LDL-C #70 mg/dL after initiating treatment (Table 3). The
rate of goal achievement (LDL-C #70 mg/dL) in patients
with a baseline LDL-C 71–100 mg/dL ranged from 25.0%
in patients initiating ezetimibe to 31.8% in patients initiating
statins and ezetimibe together. Rate of goal achievement
decreased with higher baseline LDL-C. For example, in
patients initiating statins only, the rates ranged from 16.5% in
patients with a baseline LDL-C 101–130 mg/dL to only 10.0%
in those with a baseline LDL-C over .130 mg/dL. A similar

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

2429

Dovepress

Chen et al

All ASCVD,
>70 mg/dL
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n=75,523 (40.5%)

Did not modified
treatment

Modified treatment
N=13,503 (17.9%)

Statin switch
N=4,408 (32.6%)

With LDL-C data
N=3,148 (71.4%)

Increased statin
intensity
N=5,723 (42.4%)

With LDL-C data
N=3,920 (68.5%)

n=111,147 (59.5%)

N=62,020 (82.1%)

Decreased statin
intensity

With LDL-C data

n=38,684 (34.8%)

Augmented with
ezetimibe

N=2,307 (17.1%)

Statin

N=1,065 (7.9%)

LDL-C treated to goal
(<70 mg/dL)

LDL-C treated to goal
(<70 mg/dL)

LDL-C treated to goal
(<70 mg/dL)

N=510 (16.2%)

N=826 (21.1%)

N=163 (10.3%)

N=176 (23.0%)

With LDL-C data

N=22,269 (60.7%)

LDL-C treated to goal
(<70 mg/dL)

n=72,468 (65.2%)

Statin + ezetimibe

n=1,177 (3.0%)

With LDL-C data

N=764 (71.7%)

LDL-C treated to goal
(<70 mg/dL)

Ezetimibe

n=36,716 (94.9%)

With LDL-C data

N=1,588 (68.8%)

Did not initiated
treatment

Initiated treatment

n=791 (2.0%)

With LDL-C data

N=752 (63.9%)

N=529 (66.9%)

LDL-C treated to goal
(<70 mg/dL)

LDL-C treated to goal
(<70 mg/dL)

N=90 (12.0%)

N=129 (24.4%)

N=4,282 (19.1%)

Figure 1 Summary of post-index treatment and goal achievement, by baseline treated vs not treated.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol.

Table 3 Goal achievement in untreated ASCVD patients initiating treatment
Cohort

ASCVD patients, untreated at index, N=111,147

Index LDL-C value

All patients
N=111,147 (100.0%)

71–100 mg/dL
n=47,882 (43.1%)

101–130 mg/dL
n=34,983 (31.5%)

.130 mg/dL
n=28,282 (25.5%)

Pts initiating LLT therapy, n (%)

38,684 (34.8)

17,078 (35.7)

10,561 (30.2)

11,045 (39.1)

Pts with post-therapy LDL-C, n (%)

23,550 (60.9)

10,389 (60.8)

6,474 (61.3)

6,687 (60.5)

Pts with $50% LDL-C reduction, % (CI)

7.6 (7.3–8.0)

1.8 (1.6–2.1)

6.8 (6.2–7.4)

17.4 (16.5–18.3)

Pts with LDL-C #70 mg/dL, % (CI)

19.1 (18.6–19.6)

26.9 (26.0–27.7)

16.4 (15.5–17.3)

9.7 (8.9–10.4)

LDL-C, mean (SD)

96.29 (32.30)

83.61 (22.94)

96.74 (28.02)

115.54 (38.42)

Pts initiating statin only, n (%)

36,716 (94.9)

16,281 (95.3)

10,051 (95.2)

10,384 (94.1)

Pts with post-therapy LDL-C, n (%)

22,269 (60.7)

9,878 (60.7)

6,132 (61.0)

6,259 (60.3)

Pts with $50% LDL-C reduction, % (CI)

7.8 (7.4–8.1)

1.9 (1.6–2.1)

6.9 (6.2–7.5)

17.9 (17.0–18.9)

Pts with LDL-C #70 mg/dL, % (CI)

19.1 (18.7–19.7)

26.8 (25.9–27.7)

16.5 (15.6–17.4)

10.0 (9.3–10.7)

LDL-C, mean (SD)

95.78 (31.93)

83.62 (22.87)

96.39 (27.94)

114.37 (38.18)

Pts initiating ezetimibe only, n (%)

1,177 (3.0)

332 (1.9)

339 (3.2)

506 (4.6)

Pts with post-therapy LDL-C, n (%)

752 (63.9)

200 (60.2)

224 (66.1)

328 (64.8)

Pts with $50% LDL-C reduction, % (CI)

4.8 (3.3–6.3)

2.0 (0.0–4.0)

6.3 (3.1–9.4)

5.5 (3.0–8.0)

Pts with LDL-C #70 mg/dL, % (CI)

12.0 (9.6–14.3)

25.0 (18.9–31.1)

13.8 (9.3–18.4)

2.7 (1.0–4.5)

LDL-C, mean (SD)

114.96 (38.64)

87.31 (27.26)

104.15 (28.38)

139.20 (35.93)

Pts initiating statin + ezetimibe, n (%)

791 (2.0)

465 (2.72)

171 (1.6)

155 (1.4)

Pts with post-therapy LDL-C, n (%)

529 (66.9)

311 (66.88)

118 (69.01)

100 (64.52)

Pts with $50% LDL-C reduction, % (CI)

4.9 (4.7–9.0)

1.0 (-0.1–2.1)

5.1 (1.1–9.1)

27.0 (18.1–35.9)

Pts with LDL-C #70 mg/dL, % (CI)

24.4 (20.7–28.1)

31.8 (26.6–37.0)

17.0 (10.1–23.8)

10.0 (4.0–16.0)

LDL-C, mean (SD)

91.19 (29.59)

81.15 (21.86)

100.71 (29.71)

111.18 (36.07)

Notes: Only patients with a recorded valid LDL-C measurement from 1 to 12 months after new treatment initiation are shown. The immediate test value post-treatment
initiation was used (test values were limited to those observed between 1 and 12 months post-treatment initiation).
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering therapy; Pts, patients.
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trend was observed in patients initiating ezetimibe alone and
in those initiating statin + ezetimibe combination (Table 3).
Overall, only 7.8% of patients achieved a $50% reduction
in LDL-C post-treatment initiation, and the rate appeared to
vary by baseline LDL-C level and the type of treatment initiated (from 1.0% in the subgroup of patients with index LDL-C
71–100 mg/dL and initiating statin + ezetimibe to 27.0% in
the subgroup of patients with index LDL-C .130 mg/dL and
initiating statin + ezetimibe) (Table 3).

Treated patients modifying therapy post-index
Among all treated ASCVD patients with LDL-C .70 mg/dL
at index (n=75,523), 17.9% (n=13,503) received post-index

treatment modification, with the most common modification
being change in statin dose intensity (59.5%), followed by
statin switching (32.6%), and augmentation of statin therapy
(7.9%) post-index (Table 4, Figure 1). There was variation in
the rates of treatment modifications across the three baseline
LDL-C subgroups as described in Table 4, with modifications
more common in patients with LDL-C .130 mg/dL (34.6%,
n=3,340). Among patients modifying therapy post-index,
LDL-C goal achievement can only be evaluated in the
69.8% (n=9,240) with an LDL-C assessment post-treatment
modification.
LDL-C outcomes (rates of .50% reduction in LDL-C
and LDL-C ,70 mg/dL) were also found to be suboptimal in

Table 4 Goal achievement in treated ASCVD patients with post-index therapy modification
Cohort

ASCVD patients, treated at index N=75,523

Index LDL-C value

All patients
N=75,523 (100.0%)

71–100 mg/dL
N=46,441 (61.5%)

101–130 mg/dL
N=19,441 (25.7%)

.130 mg/dL
N=9,641 (12.8%)

Pts modifying therapy, n (%)

13,503 (17.9)

5,723 (12.3)

4,440 (22.8)

3,340 (34.6)

Pts with post-therapy LDL-C, n (%)

9,420 (69.8)

4,044 (70.7)

3,120 (70.3)

2,256 (67.5)

Pts with $50% LDL-C reduction, % (CI)

5.6 (5.1–6.0)

1.8 (1.4–2.2)

4.6 (3.9–5.4)

13.6 (12.2–15.0)

Pts with LDL-C #70 mg/dL, % (CI)

17.8 (17.0–18.6)

26.7 (25.4–28.1)

14.0 (12.8–15.3)

6.9 (5.9–8.0)

LDL-C, mean (SD)

99.03 (34.59)

86.50 (26.39)

99.28 (29.85)

121.17 (41.76)

Pts switching statin, n (%)

4,408 (32.6)

2,012 (35.2)

1,366 (30.8)

1,030 (30.8)

Pts with post-therapy LDL-C, n (%)

3,148 (71.4)

1,462 (72.7)

996 (72.9)

690 (67.0)

Pts with $50% LDL-C reduction, % (CI)

5.4 (4.6–6.2)

2.0 (1.3–2.7)

4.1 (2.9–5.4)

14.6 (12.0–17.3)

Pts with LDL-C #70 mg/dL, % (CI)

16.2 (14.9–17.5)

23.3 (21.2–25.5)

12.2 (10.1–14.2)

7.0 (5.1–8.9)

LDL-C, mean (SD)

99.47 (33.99)

87.32 (25.09)

101.53 (29.97)

122.24 (42.47)

Pts increasing statin intensity, n (%)

5,723 (42.4)

2,156 (37.7)

2,116 (47.7)

1,451 (43.4)

Pts with post-therapy LDL-C, n (%)

3,920 (68.5)

1,485 (68.9)

1,472 (69.6)

963 (66.4)

Pts with $50% LDL-C reduction, % (CI)

6.6 (5.8–7.3)

2.1 (1.4–2.8)

5.2 (4.1–6.4)

15.5 (13.2–17.8)

Pts with LDL-C #70 mg/dL, % (CI)

21.1 (19.8–22.3)

34.5 (32.1–36.9)

16.0 (14.1–17.8)

8.2 (6.5–9.9)

LDL-C, mean (SD)

94.79 (33.10)

80.56 (23.52)

94.52 (27.00)

117.13 (41.02)

Pts decreasing statin intensity, n (%)

2,307 (17.1)

1,146 (20.0)

604 (13.6)

557 (16.7)

Pts with post-therapy LDL-C, n (%)

1,588 (68.8)

794 (69.3)

402 (66.6)

392 (70.4)

Pts with $50% LDL-C reduction, % (CI)

3.2 (2.3–4.0)

0.5 (0.0–1.0)

4.2 (2.3–6.2)

7.4 (4.8–10.0)

Pts with LDL-C #70 mg/dL, % (CI)

10.3 (8.8–11.8)

13.6 (11.2–16.0)

10.5 (7.4–13.5)

3.3 (1.5–5.1)

LDL-C, mean (SD)

108.70 (36.50)

97.70 (29.28)

111.25 (34.53)

128.37 (42.49)

Pts augmenting with ezetimibe, n (%)

1,065 (7.9)

409 (7.2)

354 (8.0)

302 (9.0)

Pts with post-therapy LDL-C, n (%)

764 (71.7)

303 (74.1)

250 (70.6)

211 (69.9)

Pts with $50% LDL-C reduction, % (CI)

6.0 (4.3–7.7)

3.0 (1.0–4.9)

3.6 (1.3–5.9)

13.3 (8.7–17.9)

Pts with LDL-C #70 mg/dL, % (CI)

23.0 (20.0–26.0)

39.6 (34.1–45.1)

16.0 (11.4–20.6)

7.6 (4.0–11.2)

LDL-C, mean (SD)

98.92 (36.35)

82.23 (28.04)

99.06 (31.01)

122.73 (39.46)

Notes: Only patients with a recorded valid LDL-C measurement from 1 to 12 months after new treatment initiation are shown. The immediate test value post-treatment
initiation was used (test values were limited to those observed between 1 and 12 months post-treatment initiation). Baseline statin intensity: among the 75,523 ASCVD
patients treated at baseline, 12.18% were on low statin intensity, 58.4% were on moderate statin intensity, 20.6% were on high statin intensity, and 8.8% were treated with
other lipid-lowering agents.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; Pts, patients.
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Table 5 Goal achievement in probable HeFH patients who initiated or modified treatment post-index
Probable HeFH patients (index
LDL-C value $190 mg/dL)
(untreated at index)

n=3,064 (2.8%)

Probable HeFH patients (index
LDL-C value $190 mg/dL)
(treated at index)

n=1,073 (1.4%)

Pts initiating LLT therapy, n (%)

1,540 (50.3)

Pts modifying therapy, n (%)

445 (41.5)

Pts with post-therapy LDL-C, n (%)

896 (58.2)

Pts with post-therapy LDL-C, n (%)

281 (63.2)

Pts with $50% LDL-C reduction, % (CI)

31.1 (28.1–34.2)

Pts with $50% LDL-C reduction, %

22.1 (17.2–26.9)

Pts with LDL-C #70 mg/dL, % (CI)

4.4 (3.0–5.7)

Pts with LDL-C #70 mg/dL, %

1.1 (-0.1–2.3)

LDL-C, mean (SD)

136.21 (47.75)

LDL-C, mean (SD)

151.87 (54.37)

Pts initiating statin only, n (%)

1,410 (91.6)

Pts switching statin, n (%)

153 (34.4)

Pts with post-therapy LDL-C, n (%)

815 (57.8)

Pts with post-therapy LDL-C, n (%)

81 (52.9)

Pts with $50% LDL-C reduction, % (CI)

32.0 (28.8–35.2)

Pts with $50% LDL-C reduction, %

22.2 (13.0–31.5)

Pts with LDL-C #70 mg/dL, % (CI)

4.8 (3.3–6.3)

Pts with LDL-C #70 mg/dL, %

0.0

LDL-C, mean (SD)

135.12 (48.04)

LDL-C, Mean (SD)

147.40 (49.25)

Pts initiating ezetimibe only, n (%)

90 (5.8)

Pts increasing statin intensity, n (%)

170 (38.2)

Pts with post-therapy LDL-C, n (%)

58 (64.4)

Pts with post-therapy LDL-C, n (%)

109 (64.1)

Pts with $50% LDL-C reduction, % (CI)

10.3 (2.3–18.4)

Pts with $50% LDL-C reduction, %

26.6 (18.2–35.0)

Pts with LDL-C #70 mg/dL, % (CI)

0.0

Pts with LDL-C #70 mg/dL, %

1.8 (−0.7–4.4)

LDL-C, mean (SD)

110.93 (32.07)

LDL-C, mean (SD)

152.55 (57.84)

Pts initiating statin + ezetimibe, n (%)

40 (2.6)

Pts decreasing statin intensity, n (%)

81 (18.2)

Pts with post-therapy LDL-C, n (%)

23 (57.50)

Pts with post-therapy LDL-C, n (%)

61 (75.3)

Pts with $50% LDL-C reduction, % (CI)

52.2 (30.1–74.3)

Pts with $50% LDL-C reduction, %

13.1 (4.4–21.8)

Pts with LDL-C #70 mg/dL, % (CI)

0.0

Pts with LDL-C #70 mg/dL, %

0.0

LDL-C, mean (SD)

161.45 (38.89)

LDL-C, mean (SD)

164.49 (57.70)

Notes: Only patients with a recorded valid LDL-C measurement from 1 to 12 months after new treatment initiation are shown. The immediate test value post-treatment initiation
was used (test values were limited to those observed between 1 and 12 months post-treatment initiation). Baseline statin intensity: among the 1,073 probable HeFH patients
treated at baseline, 10.7% were on low statin intensity, 48.6% were on moderate statin intensity, 24.6% were on high statin intensity, and 16.0% were treated with other LLTs.
Abbreviations: HeFH, heterozygous familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering therapy; Pts, patients.

treated patients who modified therapy post-index as described
in Table 4. The most effective treatment modification overall
was adding ezetimibe. Among patients with baseline LDL-C
71–100 mg/dL, 39.6% achieved the LDL-C #70 mg/dL
threshold after adding ezetimibe, compared to only 16.0%
and 7.5% in patients with baseline LDL-C 101–130 mg/dL
and .130 mg/dL, respectively. Rates of goal achievement
were similar for patients who increased their statin intensity, but lower for patients increasing the dose of the index
statin. The proportion of patients achieving a $50% reduction in baseline LDL-C were highest in those with baseline
LDL-C .130 mg/dL, and ranged from 7.4% (decreased statin
intensity) to 15.5% (increased statin intensity) (Table 4).

LDL-C goal achievement in probable
HeFH patients

Untreated patients initiating post-index therapy
In the probable HeFH subgroup of patients untreated at baseline (n=3,064), half of the patients (50.3%, n=1,540) initiated
treatment post-index. The mean (SD) post-treatment LDL-C
was 136.2 (47.8) mg/dL and post-treatment LDL-C was lowest
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for those initiating ezetimibe (110.9 [32.1] mg/dL). Overall,
only 4.8% of these patients initiating statin achieved the
LDL-C #70 mg/dL threshold. None of the ASCVD + probable
HeFH patients initiating ezetimibe only, or statin + ezetimibe
achieved goal LDL-C threshold. Approximately 31.1% of
these patients had a $50% reduction in LDL-C after initiating
therapy; 50% reduction occurred most frequently in patients
initiating statin + ezetimibe (52.2%) (Table 5).

Treated patients modifying therapy post-index
Only 1,073 probable HeFH patients treated at baseline and a
large majority received statin alone. Of those treated, 41.5%
(n=445) modified treatment. Based on the 281 patients
with available post-treatment LDL-C assessment, overall
62 patients (22.1%) achieved a $50% reduction in LDL-C,
but only 3 (1.1%) patients reached a LDL-C of #70 mg/dL.
The highest $50% LDL-C reduction was observed in the
patients increasing statin intensity at 26.61% (Table 5).

Discussion
In the current study, a majority (59.5%) of the patients with
a diagnosis of ASCVD and an LDL-C .70 mg/dL were
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not previously or currently receiving statin or ezetimibe
therapy at the time the baseline abnormal LDL-C level was
observed. As we indexed patients to their first LDL-C test
during the index window, it is possible that for some patients
the baseline LDL-C assessment was their first abnormal one.
Nevertheless, this finding of many untreated patients corroborates the observation by other researchers who postulated
that despite evidence showing statins and ezetimibe to
reduce the risk of ASCVD-related events, many patients
do not receive treatment per established guidelines.10,23,24
It has been suggested that provider confusion regarding the
most appropriate guidelines for a patient and attempting to
implement recommendations that are evolving may contribute to this treatment gap.10
The rate of treatment initiation among previously
untreated patients was generally under 40%. In patients
with an LDL-C .190 mg/dL (probable HeFH patients),
the treatment initiation rate was higher, but still only
at approximately 50%. Rates of treatment modification
after elevated index LDL-C values were also low overall,
ranging from a low of 12.3% in patients with a baseline
LDL-C 71–100 mg/dL to 34.6% in patients with a baseline
LDL-C .130 mg/dL. An earlier study entailing a survey of
health care providers also indicated that it was not uncommon for LLT to remain unchanged, even when the patient
is not at goal. That survey found that while the need for
lower LDL-C and CV risk was considered important in
these patients by the health care providers, physicians’
treatment choices were still substantially less aggressive
than guideline recommendations.25
Although there was an overall decrease in the mean
LDL-C value among previously untreated ASCVD patients
initiating therapy post-index, the majority (80.9%) did not
achieve the LDL-C threshold of #70 mg/dL. This should
not be interpreted as a reason not to initiate treatment, but
rather to titrate patients to higher intensity statins, and add
ezetimibe per guidelines, to increase the chance of achieving
an LDL-C #70 mg/dL. If still not successful in achieving
treatment goals, initiating alternative agents such as PCSK9
inhibitors may be warranted.
LDL-C treatment outcomes in treated patients who
modified treatment were also not optimal. Current analysis
observed a general trend that patients with higher baseline
LDL-C values had greater post-modification LDL-C reductions. In addition, post-modification benefits were more
common in patients who increased statin dose intensity
than in those who switched or augmented therapy. However, even in these subgroups of patients who showed
greater post-treatment LDL-C reduction, the majority of
Therapeutics and Clinical Risk Management 2018:14

LLT and LDL-C outcomes

them were still not at goal (#70 mg/dL, or 50% reduction)
based on the first LDL-C test post-treatment change. These
findings are consistent with other published reports.26,27 The
EUROASPIRE surveys found that in the past years, although
the use of LLTs, including high-intensity statins, increased,
the LDL-C treatment outcome is still suboptimal.26,27
This study underscores the challenges of managing
LDL-C levels in patients with ASCVD and probable HeFH
and provides further evidence of the need for more aggressive
treatment, including high-intensity statin and alternative
therapies, for this population. In addition, barriers such as
utilization management that require patients and providers to
navigate payer-imposed utilization management tasks related
to step-therapy or prior authorization may inadvertently delay
patients in receiving therapies that may support achieving
therapeutic goals.

Limitations
These findings should be interpreted in the context of
specific limitations of the study. The use of EMR data may
have introduced some information bias as only data from
physicians contributing to the EMR network were available.
In addition, EMR data are not created for research purposes,
and their quality is subject to a tradeoff between data entry
and patient care. Patient visits conducted by other health
care providers not included in the EMR data network were
not captured, which may have led to the underreporting of
LDL-C measurements and/or treatment with LLTs. Treatment exposure to statin and/or ezetimibe was based on
observation of a valid prescription recorded in the EMR
database, which does not guarantee that the patient filled
the prescription or used the medication. Incomplete LDL-C
data capture in the EMR system may also limit the generalizability of LDL-C treatment outcomes observed in this
study. In addition, age at initial ASCVD diagnosis cannot
be confirmed in this database, thus limiting the interpretation
of the LLT treatment patterns and outcomes observed in a
prevalent population. This study defined probable HeFH as
with baseline LDL-C level $190 mg/dL, not by confirmed
clinical diagnosis or genetic tests; this may lead to false
positive/negative HeFH in identification of these patients in
our study sample. Finally, this was a descriptive retrospective
analysis that evaluates the associations between exposures
and outcomes, but no causal relationships can be established
from this observational study.

Conclusion
This study substantiates previous reports of under-prescribing
of LLTs to ASCVD patients with elevated LDL-C levels.
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Moreover, for most of the patients with ASCVD and probable
HeFH, standard treatment regimens or modifications of
recommended treatments failed to produce .50% reduction
in LDL-C and/or achieve LDL-C values of ,70 mg/dL for
most patients, regardless of their baseline LDL-C levels.
More frequent and aggressive lipid management, including
increasing statin intensity and alternative therapies, may be
needed in these patients to reduce their CV risk. Given this
and other evidence such as findings of high discontinuation rates for statin therapy, particularly for high-intensity
statin doses, new health care system-based interventions
and therapeutic paradigms are needed to address the unmet
need in ASCVD and probable HeFH patients with elevated
LDL-C levels.
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Statin therapy

Daily dose
Low intensity

Moderate intensity

High intensity

Intensity classifications of atypical doses

Atorvastatin

,10 mg/day

10 to ,40 mg/day

$40 mg/day

30 mg/day = moderate

Fluvastatin

,80 mg/day

80 mg/day

NA

10 mg/day = low

Lovastatin

,40 mg/day

$40 mg/day

NA

10 mg/day = low
80 mg/day = moderate

Pitavastatin

,2 mg/day

$2 mg/day

NA

Pravastatin

,40 mg/day

$40 mg/day

NA

,10 mg/day = low

Rosuvastatin

,5 mg/day

5 to ,20 mg/day

$20 mg/day

,5 mg/day = low
15 mg/day = moderate

Simvastatin

,20 mg/day

20 to ,80 mg/day

$80 mg/day

,20 mg/day = low
.40 to ,80 mg/day = moderate
$80 mg/day = high

Abbreviation: NA, not applicable.
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