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Background: Guidelines endorse statin therapy for lowering low-density lipoprotein cholesterol
(LDL-C) to recommended levels, in patients with cardiovascular disease (CVD) risk, if needed,
after lifestyle changes. Atorvastatin is a common statin with greater LDL-C lowering efficacy
than most other statins; its availability in generic form will likely increase its use. This study
assessed attainment of guideline-recommended LDL-C levels in high-risk CVD patients treated
with atorvastatin monotherapy.

Methods: Analyses of two retrospective US cohorts of patients who received a prescription for
atorvastatin monotherapy between January 1, 2008 and December 31, 2010 (index date defined
as first prescription date) in the GE Centricity Electronic Medical Record (EMR) (N=10,693)
and Humana Medicare (N=16,798) databases. Eligible patients were =18 years, diagnosed
with coronary heart disease or atherosclerotic vascular disease, with =1 LDL-C measurement
between 3 months and 1 year postindex date, and continuously enrolled for 1 year prior to and
following the index date.

Results: Of the eligible patients, 21.8%, 29.6%, 29.9%, and 18.7% (GE Centricity EMR) and
25.4%, 32.9%, 27.8%, and 14.0% (Humana Medicare) received 10, 20, 40, and 80 mg doses of
atorvastatin, respectively. The mean + standard deviation (SD) follow-up LDL-C levels were
2.1+0.8 mmol/L (83£30 mg/dL) and 2.3+0.8 mmol/L (88+31 mg/dL) for the GE Centricity
EMR and Humana Medicare cohorts, respectively. Regardless of dose, only 28.3%—34.8%
of patients had LDL-C levels <1.8 mmol/L (<70 mg/dL), and 72.0%—78.0% achieved
LDL-C <2.6 mmol/L (<100 mg/dL) in both cohorts. As many as 41% and 13% of patients
had LDL-C levels =0.5 mmol/L (=20 mg/dL) above LDL-C 1.8 mmol/L (70 mg/dL) and 2.6
mmol/L (100 mg/dL), respectively, in both cohorts; these percentages were generally similar
across atorvastatin doses.

Conclusion: In this real-world US setting, a large number of high-risk CVD patients did not
attain guideline-recommended LDL-C levels with atorvastatin monotherapy. More than 65%
of the patients had LDL-C levels >1.8 mmol/L (>70 mg/dL), and of these, 30%—40% had
LDL-C levels =0.5 mmol/L (=20 mg/dL) above this, regardless of dose. This suggests that
more effective lipid-lowering strategies, such as statin uptitration, switching to a higher effi-
cacy statin, and/or combination therapy, may be required to achieve optimal LDL-C lowering
in high-risk patients.
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Introduction
Lowering of low-density lipoprotein cholesterol (LDL-C) levels by statin therapy
has been shown to be highly related to cardiovascular disease (CVD) risk reduction
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in a meta-analysis of 26 randomized-controlled statin clini-
cal studies.! As such, statin therapy is endorsed by various
guidelines as the first-line pharmacotherapeutic approach for
reducing LDL-C levels and CVD risk when lifestyle changes,
including diet (eg, reduced saturated fats and cholesterol,
plant stanol/sterols, and increased fiber), weight control, and
exercise do not adequately control LDL-C levels.”

Earlier guidelines targeted LDL-C <2.6 mmol/L (<100
mg/dL) as the optimal goal for primary prevention, in
patients at high CVD risk with multiple coronary heart
disease (CHD) risk factors.®® An optional treatment target
of LDL-C <1.8 mmol/L (<70 mg/dL) was further recom-
mended in 2004, based on clinical trial evidence showing
that LDL-C 2.6 mmol/L (100 mg/dL) did not appear to be
a threshold below which no further CV risk reduction could
be achieved.* The latter target is also considered reasonable
for high-risk patients with atherosclerotic vascular disease,
and similar guidelines have also been adopted internation-
ally.2*1° Although LDL-C <1.8 mmol/L (<70 mg/dL) is
recommended as a therapeutic option for all high CVD-risk
patients, those in the category of very high risk (ie, patients
with pre-existing CHD, plus major multiple risk factors [eg,
diabetes], severe and poorly controlled risk factors, multiple
risk factors of the metabolic syndrome, or acute coronary
syndrome) should be most highly considered for this tar-
get. #1713 Tt should also be noted that recent evidence-based
guidelines have recommended treatment of moderate-risk
patients with moderate-intensity statins to reduce LDL-C
levels from baseline by 30%—<<50% and of high-risk patients
with high-intensity statins to reduce LDL-C levels by =50%,
rather than to reach specific LDL-C targets.'*

While lowering of LDL-C to guideline-recommended
levels has improved over time due to an increased aware-
ness and use of statin therapy in clinical practice, many
higher-risk patients still do not attain recommended LDL-C
levels when prescribed statin monotherapy. Although ~2/3
of high-risk patients attain LDL-C levels <2.6 mmol/L
(<100 mg/dL), only ~1/3 achieve levels <1.8 mmol/L
(<70 mg/dL).1>-17 Several observational studies and national
surveys have indicated that various barriers, including sub-
optimal lipid-lowering therapy, noncompliance, tolerability,
and cost factors, have contributed to this treatment gap.'*%2
Cholesterol guidelines have indicated that more effective
lipid-lowering therapy, including uptitration to higher statin
doses, switching to higher potency statins, and/or combina-
tion statin therapy with other lipid-lowering agents, may
be necessary to further improve LDL-C levels in these
patients.>*>

Atorvastatin is a common statin used in clinical practice
that has been shown to effectively reduce LDL-C and CVD
risk, in randomized, controlled clinical trials.?® Even though
atorvastatin is more potent in terms of LDL-C lowering
efficacy than most other statins, it has been less widely used
in comparison with generic statins, particularly simvastatin,
likely attributable to cost and other factors.?** However,
the availability of generic atorvastatin will likely increase
its use; thus it is of interest to examine LDL-C-lowering
in high-risk patients treated with this statin in a real-world
setting. This analysis assessed the attainment of LDL-C
levels of <1.8 mmol/L (<70 mg/dL) and <2.6 mmol/L
(<100 mg/dL) in two retrospective cohort studies of high-risk
CVD patients treated with atorvastatin in the US, as well as
the distance from these specified cut points in those patients
who did not reach these levels.

Study methods

Data sources

Patient records from the GE Centricity Electronic Medical
Record (EMR) database (GE Healthcare, Little Chalfont,
UK) and administrative claims from Humana Medicare
(Humana Inc., Louisville, KY, USA) were assessed between
the dates of January 1, 2007 and December 31, 2011.
The GE Centricity EMR database captures patient-level
clinical data, including drug prescription and laboratory
results, from over 25,000 physicians (~66% primary care),
representing ~30 million US patients. We also analyzed
administrative claims data from the Humana Medicare
database. Humana Medicare claims data represent 8.1 million
covered lives in 50 states, Washington DC, and Puerto Rico,
among whom 4.3 million are Medicare members and 1.9
million are Advantage prescription drug plan beneficiaries.
For the purpose of the present analysis, pharmacy data were
merged with medical, lab, and patient data for Humana Medi-
care beneficiaries, using unique patient IDs. In both analyses,
data were de-identified, and patient privacy was protected.

Study design and patient eligibility

Included in the studies were patients at high CVD risk who
received a prescription for atorvastatin monotherapy (the
date of the first prescription was defined as the index date)
between January 1, 2008 and December 31, 2010 (index
period). Patients were required to be =18 years of age at the
index date and to have at least one recorded LDL-C measure
=3 months and =12 months postindex date. For the Medicare
analysis, there was an additional requirement for one ator-
vastatin prescription within 45 days of the LDL-C measure
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(not feasible in the data from the GE Centricity EMR, due to
data limitations). In the case where multiple eligible LDL-C
measures occurred, the measure closest to index date plus
3 months was selected for the analysis (Figure 1). The ator-
vastatin daily dose was assessed based on the last recorded
prescription prior to the LDL-C measure.

Patients were required to be continuously enrolled in the
respective system for 1 year prior to the index date (baseline
period), and for 1 year following the index date (follow-up
period) in the Humana Medicare analyses. Having at least
one office visit in both the baseline and follow-up periods
was used as a proxy for continuous enrollment over the
study period, in the GE Centricity EMR analyses. High-risk
patients were identified as those with evidence of CHD or
atherosclerotic vascular disease (AVD), including ischemic
heart disease, ischemic stroke, peripheral arterial disease, or
atherosclerosis. The qualifying disease was identified using
the International Classification of Diseases (ninth revision),
Clinical Modification (ICD-9-CM) diagnosis/procedure or
Current Procedural Terminology (CPT®) procedure codes
during the baseline period and up until the follow-up LDL-C
measure (Table S1). Excluded were patients who received
any lipid-modifying treatment regimen, other than atorvas-
tatin monotherapy, between the index date and the qualified
LDL-C measure.

Outcomes of interest

Various guidelines recommend treatment of LDL-C
to levels <2.6 mmol/L (<100 mg/dL) for all patients
with CHD and/or AVD but also suggest treatment to
LDL-C <1.8 mmol/L (<70 mg/dL) as reasonable or optional
in such patients.>** The aim of this analysis was to assess mean
LDL-C levels and the proportions of patients with levels <1.8
mmol/L (<70 mg/dL) and <2.6 mmol/L (<100 mg/dL), in
high-risk patients with CHD and/or AVD who were treated
with atorvastatin monotherapy. In this analysis, all patients
were assessed against each specified LDL-C cut point, by

Index date
1stobserved statin =3 months index statin Eligible LDL-C
Rx monotherapy measure closest to

_— index +3 months*
1 year baseline ] 1 year follow-up /

R

Index period
Jan 1, 2008—
Dec 31, 2010

Figure | Study design.

Notes: *For Humana Medicare analysis, there was an additional requirement of one
atorvastatin Rx within 45 days of LDL-C measure.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; Rx, prescription.

atorvastatin dose and across doses. In addition, for patients
above the specified LDL-C cut-points, we also assessed the
proportions who were =0.3, 0.3-0.5, or >0.5 mmol/L (=10,
11-20, or >20 mg/dL) away from the cut point overall, across
atorvastatin doses and by daily atorvastatin dose.

Statistical analysis

The GE Centricity EMR and Humana Medicare analyses
were purely descriptive, and there was no hypothesis testing
or statistical comparison either within or between the two
studies. They are presented side-by-side only to provide a
broad view of atorvastatin monotherapy usage and associated
LDL-C levels in two US populations.

Descriptive statistics were used to assess baseline patient
characteristics, atorvastatin dose, and LDL-C levels. For con-
tinuous variables, means and standard deviations were cal-
culated. Categorical variables were expressed as frequencies
and proportions, with 95% confidence intervals calculated for
the outcome measures of interest. Statistical analyses were
performed using SAS versions 9.1 and 9.2 (SAS Institute,
Inc., Cary, NC, USA) for the analysis of the GE Centricity
EMR and the Humana Medicare databases, respectively.

Results

Patient characteristics

Of 438,403 patients on atorvastatin therapy in the GE
Centricity EMR database during the index period, a total
of 10,693 patients satisfied the inclusion criteria (Figure 2).
Among these patients, the mean age was 68.0 years, and
the majority were male (58.7%). The mean baseline LDL-C
level was 2.1 mmol/L (82.2 mg/dL), with 34.1% of patients
receiving some type of lipid-lowering medication in the 12
months prior to the index date (Table 1). CHD was the most
common qualifying diagnosis (73.7%), followed by athero-
sclerosis (21.9%). In addition, 20.3% of patients had diabetes.
The most commonly prescribed doses of atorvastatin were
20(29.7%) and 40 (29.9%) mg; atorvastatin 80 mg was less-
often prescribed (18.7%).

Of the 695,639 patients on atorvastatin in the Humana
Medicare database during the index period, 16,798 patients
met the inclusion criteria (Figure 2). Among these patients,
the mean age was 73.7 years, and 52.1% were male. The
mean LDL-C at baseline was 2.5 mmol/L (98.2 mg/dL), with
80.8% receiving some type of lipid-lowering therapy in the
12 months prior to the index date (Table 1). Similar to the
findings for patients in the GE database, CHD was the most
common qualifying diagnosis (69.6%), and atherosclerosis
was identified in 23.7% of patients. Overall, 18.8% of this
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GE Centricity EMR
Atorva user in database
Jan 1, 2008 to Dec 31, 2010
(n=438,403)

l

Humana Medicare
Atorva user in database
Jan 1, 2008 to Dec 31, 2010
(n=695,639)

l

Met inclusion criteria
(n=11,604)
« Age 218 yrs at index date (n=438,071)
« >1 LDL-C measure 3 months to 1 yr following index date (n=191,355)
« Enrolled in database 1 yr prior to and 1 yr following index date (n=151,930)
» On Atorva from index date to FU LDL-C measurement (n=118,233)
» CHD/AVD diagnosis in baseline period (n=11,604)

Met inclusion criteria
(n=25,582)
« On Atorva from index date to FU LDL-C measurement (n=681,171)
« Age >18 yrs at index date (n=679,220)
« Enrolled in database 1 yr prior to and 1 yr following index date (n=349,369)
» CHD/AVD diagnosis in baseline period (n=63,103)
+ 21 LDL-C measure 3 months to 1 yr following index date (n=25,582)

|

Atorva dose strength recorded
(n=10,693)

Figure 2 Patient accrual.

l

Had Atorva Rx <45 days prior to FU LDL-C measure
(n=16,798)

l

Atorva dose strength recorded
(n=16,798)

Abbreviations: Atorva, atorvastatin; AVD, atherosclerotic vascular disease; CHD, coronary heart disease; EMR, electronic medical record; FU, follow-up; LDL-C, low-

density lipoprotein cholesterol; Rx, prescription.

high-risk population also had diabetes. The most commonly
prescribed dose of atorvastatin was 20 mg (32.9%), and the
least prescribed was 80 mg (14.0%).

LDL-C levels at follow-up

In each study, the mean LDL-C levels in the follow-up period
were similar across atorvastatin doses. The mean LDL-C in
the GE Centricity EMR analysis ranged from 2.2 mmol/L
(83.5 mg/dL) to 2.1 mmol/L (82.4 mg/dL) for patients tak-
ing atorvastatin 10 mg and 80 mg, respectively (Table 2).

Table | Patient characteristics

Characteristics GE Centricity Humana
EMR Medicare
N=10,693% N=16,798¢
Age 68.0£10.2 73.7+8.4
Male 6,275 (58.7) 8,750 (52.1)
Diabetes 2,170 (20.3) 3,159 (18.8)
Baseline LDL-C mmol/L + SD 2.1+0.8 2.5+0.9
(mg/dL £ SD)* (82.2+29.7) (98.2435.3)
AVD or CHD diagnosis
CHD 7,879 (73.7) 11,690 (69.6)
Ischemic stroke 1,033 (9.7) 864 (5.1)
PAD 521 (4.9) 617 (3.7)
Atherosclerosis 2,338 (21.9) 3,976 (23.7)
Atorvastatin dose before LDL-C measure®*
10 mg 2,326 (21.8) 4,262 (25.3)
20 mg 3,170 (29.7) 5,520 (32.9)
40 mg 3,198 (29.9) 4,672 (27.8)
80 mg 1,999 (18.7) 2,344 (14.0)

For Humana Medicare patients, mean LDL-C levels ranged
from 2.3 mmol/L (88.7 mg/dL) for 10 mg to 2.2 mmol/L
(85.9 mg/dL) for 80 mg doses.

Overall, the proportions of patients with LDL-C levels <1.8
mmol/L (<70 mg/dL) and <2.6 mmol/L (<100 mg/dL) in
the GE Centricity EMR analysis were 34.8% and 78.0%
respectively (Figure 3). For Humana Medicare patients, the
proportions below these LDL-C cut points were smaller, with
28.3% at <1.8 mmol/L (<70 mg/dL) and 72.0% at <2.6
mmol/L (<100 mg/dL). In both studies, the proportion of
patients with levels below each LDL-C cut point was similar
across atorvastatin doses and ranged from 25.7% (10 mg) to
37.3% (80 mg) for LDL-C <1.8 mmol/L (<70 mg/dL) across
both databases (Figure 4). Of note, 32.4% of GE Centricity
EMR patients and 40.7% of Humana Medicare patients had
LDL-C levels more than 0.5 mmol/L (20 mg/dL) above the
1.8 mmol/L (70 mg/dL) cut point (Figure 3). These percent-
ages were similar regardless of atorvastatin dose in the GE
Centricity EMR (33.2%, 33.0%, 31.5%, and 32.1% at 10, 20,
40, and 80 mg, respectively) and Humana Medicare databases

Table 2 Follow-up LDL-C levels by atorvastatin dose

Notes: Values are expressed as mean  SD or N (%). *The last LDL-C measure taken
in 12 month baseline period closest to the index date; **dose based on last prescription
before the follow-up LDL-C measure; 13,649 (34.1%) and 13,568 (80.8%) of these
patients had received some type of lipid-lowering therapy during the 12-month baseline
period, and of these, 12,362 (22.0%) and #1 1,744 (69.9%) were on atorvastatin therapy.
Abbreviations: AVD, atherosclerotic vascular disease; CHD, coronary heart
disease; EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol;
PAD, peripheral arterial disease; SD, standard deviation.

Atorvastatin

GE Centricity EMR

Humana Medicare

dose N=10,693 N=16,798
LDL-C mmol/L LDL-C mmol/L
(mg/dL) (mg/dL)
10 mg 2.240.8 (83.5+29.6) 2.310.8 (88.7+29.4)
20 mg 2.1+0.8 (82.7+29.6) 2.3+0.8 (88.8131.1)
40 mg 2.240.8 (83.1£30.6) 2.3+0.8 (86.9+31.3)
80 mg 2.1£0.8 (82.4£31.6) 2.240.9 (85.9£33.9)

All doses combined

2.240.8 (82.9+30.3)

2.3+0.8 (87.9+31.2)

Notes: Values are expressed as mean + SD.

Abbreviations: EMR, electronic medical record; LDL-C, low-density lipoprotein
cholesterol; SD, standard deviation.
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GE Centricity EMR

LDL-C <1.8 mmol/L (<70 mg/dL)

32.4%

34.8%

LDL-C <2.6 mmol/L (<100 mg/dL)
10.0%
4.6%

7.3%

78.0%

Humana Medicare

LDL-C <1.8 mmol/L (<70 mg/dL)

|:| Below cut point

- >0.3 to <0.5 mmol/L (211 to <20 mg/dL) higher

LDL-C <2.6 mmol/L (<100 mg/dL)

13.2%
6.0%

8.8%

- <0.3 mmol/L (10 mg/dL) higher
- >0.5 mmol/L (20 mg/dL) higher

Figure 3 Distribution of LDL-C levels around <1.8 mmol/L (<70 mg/dL) and <2.6 mmol/L (<100 mg/dL) cut points.
Abbreviations: EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.

(42.4%, 42.3%, 38.6%, and 37.4% at 10, 20, 40, and 80 mg
respectively) (Tables S2-S5).

Discussion
In this real-world study, a substantial number of high-risk
CVD patients did not achieve guideline-recommended
LDL-C levels on atorvastatin monotherapy. Although a
large proportion of these patients (71%—78%) attained the
recommended treatment levels of LDL-C <100 mg/dL, more
than 65% did not achieve the optional level of <1.8 mmol/L
(<70 mg/dL), even when on therapy at the highest atorvas-
tatin dose of 80 mg. Moreover, 30%—40% of these patients
had LDL-C levels more than 0.5 mmol/L (20 mg/dL) above
1.8 mmol/L (70 mg/dL), regardless of atorvastatin dose.
Overall, these results indicate a need for more effective LDL-
C-lowering therapy in high CVD-risk patients.
Cholesterol-lowering management has improved over
time due to increased awareness and better use of lipid-
lowering therapy. However, several observational studies
and national surveys have shown that many high-risk CHD
patients still do not meet guideline-recommended LDL-C
levels on statin monotherapy, attributed to various reasons,

including less than optimal use of lipid-lowering therapy,
noncompliance, and cost factors.”>** The attainment rates
for specified LDL-C levels in our study were similar to
those previously reported during 1998—2008 in the US, in
which 58%—81% of high-risk CHD patients attained LDL-C
levels <2.6 mmol/L (<100 mg/dL) and 26%—43% attained
LDL-C levels of <1.8 mmol/L (<70 mg/dL).!5%2

For those high-risk patients who do not achieve recom-
mended LDL-C levels on statin monotherapy, more intensive
treatment, by statin uptitration, switching to a higher efficacy
statin, and/or combination therapy can be considered.>** In
our study of high-risk CHD and AVD patients, the majority
were treated with medium efficacy-level, LDL-C-lowering
doses of atorvastatin (20 and 40 mg doses).?® Nonetheless,
the proportion of patients who attained LDL-C <1.8 mmol/L
(<70 mg/dL) improved little at any atorvastatin dose, in both
databases. It should be noted that while our study included
patients who were both newly initiated and on existing
atorvastatin therapy, as many as 34%—81% of the patients
in both databases had been on some type of lipid-lowering
therapy during the baseline period, including 22%-70%
who were on prior atorvastatin therapy, and this may have
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||:| Atorvastatin 10 mg @ Atorvastatin 20 mg @ Atorvastatin 40 mg B Atorvastatin 80 mg|

LDL-C <1.8 mmoliL LDL-C <2.6 mmol/L
(<70 mg/dL) (<100 mg/dL)

Humana Medicare

Figure 4 Proportion of patients with LDL-C <1.8 mmol/L (<70 mg/dL) and <2.6 mmol/L (<100 mg/dL) by atorvastatin dose.
Abbreviations: EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.

accounted for the minimal change observed in LDL-C
levels. Atorvastatin uptitration for individual patients was
not assessed in this study, but our results are consistent with
the percent patient attainment of LDL-C levels <1.8 mmol/L
(<70 mg/dL) observed overall with moderate to high doses
of statin in other studies.***

Several observational and randomized controlled clinical
trials have reported that statin uptitration and/or combina-
tion therapy with higher LDL-C-lowering efficacy are more
effective than moderate-potency therapy for reducing LDL-C
and improving goal attainment in high-risk patients.?*2329-3
However, these studies showed that >50% of these patients
still did not achieve the more stringent LDL-C levels
of <1.8 mmol/L (<70 mg/dL) and that high-potency statin
therapy as well as the combination of statin with ezetimibe
or niacin therapies were used less frequently compared with
moderate-potency statins in these patients. Lower use of
such alternatives was attributed to patient noncompliance/
intolerance, physician nonadherence to guidelines, and/or
cost factors. A lack of definitive data showing the benefit of
combination therapy on cardiovascular outcomes compared
with statin monotherapy may limit its use.** Both fibrates
and niacin failed to show further reductions of events when
combined with statins compared with statins alone.¢-*®
Furthermore, the coadministration of niacin and fibrates with
statins increases the risk of myopathy and rhabdomyolysis. In
a recent study, niacin plus the antiflushing agent laropiprant
in combination with simvastatin increased the incidence of
some types of nonfatal, serious side effects, thus bringing
into question the overall safety of niacin.’” An ongoing trial
expected to be completed in 2014 will provide additional

information on the role of ezetimibe in combination with
simvastatin with respect to clinical outcomes.*

Although the reasons for therapy choice were not evalu-
ated in our analysis, taken together, our study and these stud-
ies suggest that many high-risk patients would likely benefit
from uptitration of their atorvastatin dose, where possible,
and/or switching to a higher potency statin (rosuvastatin) or
combination therapy. Doubling the statin dose can provide an
additional 6% reduction in LDL-C levels,'®%4° and switching
from atorvastatin doses to a higher potency statin (rosuvas-
tatin), can provide further increases in LDL-C-lowering,
by as much as 10%, depending on the dose. For example,
the LDL-C-lowering efficacy of atorvastatin ranges from
38% to 55% for 10, 20, 40, and 80 mg doses, whereas that
of rosuvastatin ranges from 45% to 60% for 5, 10, 20, and
40 mg doses.”*! In randomized controlled clinical trials,
combination statin therapy with ezetimibe has been shown
to increase LDL-C lowering by as much as 21.3%-27.0%
compared with statin monotherapy, when coadministered in
statin-naive and/or patients on ongoing statin therapy.*** Ina
recent study, ezetimibe added to atorvastatin reduced LDL-C
levels significantly more than doubling the atorvastatin dose
or switching to (or doubling) higher potency rosuvastatin.*
Asnoted in these studies, the real-world treatment differences
did not achieve the expected results.

A strength of our study is that it provides information
on attainment of guideline-recommended LDL-C levels
with atorvastatin monotherapy use in a real-world clini-
cal practice setting. However, as with most retrospective,
observational studies, there are inherent limitations. We
were unable to determine whether LDL-C values were
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based on direct methods or were estimated based on the
Friedewald equation.”’” With regard to the cohort selection
process, it is possible that the CHD and AVD patients within
the databases may not have been fully identified due to a
lack of specific information regarding all CHD and AVD
risk factors. Although we were able to identify atorvastatin
prescriptions written by the physician (in the GE Centricity
EMR) and claims for atorvastatin prescriptions filled (in
the Humana Medicare database), we were unable to verify
patient adherence/compliance to their prescribed medica-
tion. Furthermore, because we were unable to confirm if
and when atorvastatin prescriptions were filled in the GE
Centricity EMR database, we were unable to require as inclu-
sion criteria one atorvastatin prescription fill within 45 days
of the follow-up LDL-C measure, in this database. While
this study provides an assessment of LDL-C-reduction in
atorvastatin users identified who were both newly initiated
and on existing therapy during a 3-year time period, LDL-
C-reduction was not evaluated separately in these patients
groups. Those patients identified as new users and who were
not at LDL-C goal may not have yet had the opportunity for
further uptitration of lipid-lowering therapy. Inclusion of
both new and previous users of lipid-lowering therapy also
precluded assessment of LDL-C-reductions from pretreat-
ment lipid levels. Furthermore, the majority of patients in
the Humana Medicare analysis were on prior atorvastatin
therapy. Although our data suggest that a high percentage of
patients were on newly initiated atorvastatin monotherapy
in the GE Centricity EMR database, the minimal reduc-
tion observed in LDL-C levels suggests that many of these
patients may have been on prior lipid-lowering therapy that
was not captured in the EMR. We also did not have infor-
mation on intended patient lipid goals or patient therapy
choices, including whether patients underwent atorvastatin
uptitration, in either database. We also had no information
on side effects or other patient-level factors that may have
precluded treatment to lower LDL-C targets.

In conclusion, in this real-world setting, a large percent-
age of high-risk CVD patients treated with atorvastatin
monotherapy were not at LDL-C goal, regardless of dose.
These data suggest that more effective lipid-lowering strate-
gies, such as statin uptitration, use of higher potency statins,
and/or combination therapy, may be needed to achieve
optimal LDL-C-lowering in high-risk patients. It may be
prudent for physicians to carefully weigh considerations
of safety, tolerability, and anticipated efficacy when mak-
ing therapeutic decisions, based on individual patient risk.
Additionally, improved patient and provider education is still

needed to reinforce use of effective therapies and medica-
tion adherence.
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Supplementary materials

Table S| Diagnosis and procedure codes used to identify patients

Comorbid disease ICD9 diagnosis codes CPT codes ICD-9 procedure
codes

Diabetes 250.xx

CHD/AVD

Acute myocardial infarction 410.xx

Previous myocardial infarction 412.xx, 429.7x

Ischemic stroke 362.34, 433.x1, 434.x1

441.3x, 441.4x, 441.6x,
441.7x, 444.2x, 444.8x,
444.9x, 445.0x

34201, 34203, 35131, 35141, 35142, 35151,
35152, 35226, 35302, 35303, 35304, 35305,
35306, 35355, 35363, 35371, 35372, 35400,
35456, 35459, 35470, 35474, 35483, 35485,
35493, 35495, 35621, 35623, 35646, 35647,
35651, 35654, 35656, 35661, 35665, 35666,
35671, 35686, 35700, 35721, 35741, 35761,
35879, 35881, 35883, 35884

Peripheral arterial disease 00.03, 00.55, 00.61-00.64,
38.02-38.06, 38.08, 38.18,

38.38, 38.48

Angina pectoris 413.xx

Other acute, subacute ischemic 41 .xx
heart disease (eg, unstable angina,
acute coronary syndrome)

Revascularization 33140-33141, 33510, 33511, 33512, 33513,
33514, 33515, 33516, 33517, 33518, 33519,
33521, 33522, 33523, 33533, 33534, 33535—
33536, 33572, 92973, 92980, 92981, 92982,

92984, 92995, 92996, 93540

00.66, 36.01-36.02, 36.05,
36.1x-36.3x

Acute carotid artery procedures 34001, 35001, 35002, 35201, 35231, 35261,
35286, 35301, 35390, 35501, 35506, 35508,
35509, 35510, 35526, 35601, 35606, 35626,

35642, 35691, 35694, 35701, 35901

00.61-00.65, 38.01-38.02,
38.11-38.12, 38.31-38.32,
38.41-38.42, 39.28, 39.7

Other forms of chronic ischemic 414.xx, v45.8, v45.81,
heart disease v45.82

429.2x, 433.x0, 434.x0,

437.0x, 437.1x, 440.xx,

444.0x, 444.1x, 445.8x

36.0x—36.3x, 38.12-38.16,

38.18, 38.34, 38.44, 39.22-39.26,
39.28, 39.29, 39.50, 39.71, 39.73,
39.90, 99.10

Abbreviations: AVD, atherosclerotic vascular disease; CHD, coronary heart disease; CPT, current procedural terminology; ICD-9, International Classification of Diseases,
9th revision.

Atherosclerosis

Table S2 GE Centricity EMR: proportion of patients with LDL-C <1.8 mmol/L (<70 mg/dL) and proportion with levels > 1.8 mmol/L
(>70 mg/dL), categorized by distance from goal

Atorvastatin dose % (95% CI)

LDL-C <1.8 mmol/L
(<70 mg/dL)

LDL-C =1.8 to
<2.1 mmol/L
(=70 to <80 mg/dL)

LDL-C =2.1 to
<2.3 mmol/L
(=80 to <90 mg/dL)

LDL-C =2.3 mmol/L
(=90 mg/dL)

10 mg 325 (31.6-33.4) 16.9 (16.2-17.6) 17.5 (16.8-18.2) 332 (32.3-34.1)
20 mg 35.3 (34.4-36.2) 243 (23.5-25.1) 13.9 (13.2-14.6) 33.0 (32.1-33.9)
40 mg 34.6 (33.7-35.5) 24.4 (23.6-25.2) 16.5 (15.8-17.2) 31.5 (30.6-32.4)
80 mg 37.3 (36.4-382) 14.0 (13.3-14.7) 14.3 (13.6-15.0) 32.1 (31.2-33.0)
All doses combined 34.8 (33.9-35.7) 17.3 (16.6-18.0) 15.5 (14.8-16.2) 32.4 (31.5-333)

Abbreviations: Cl, confidence interval; EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.
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Table S3 GE Centricity EMR: proportion of patients with LDL-C <2.6 mmol/L (<100 mg/dL) and proportion with levels >2.6 mmol/L
(>100 mg/dL), categorized by distance from goal
% (95% CI)

dose LDL-C <2.6 mmol/L
(<100 mg/dL)

Atorvastatin

LDL-C =2.6 to
<2.9 mmol/L
(=100 to <110 mg/dL)

LDL-C =2.9 to
<3.1 mmol/L
(=110 to <120 mg/dL)

LDL-C =3.1 mmoliL
(=120 mg/dL)

10 mg 77.9 (77.1-78.7) 7.6 (7.1-8.1) 4.1 (3.7-4.5) 10.3 (9.7-10.9)
20 mg 77.7 (76.9-78.5) 8.0 (7.5-8.5) 438 (4.4-5.2) 9.5 (8.9-10.1)

40 mg 784 (77.6-79.2) 7.0 (6.5-7.5) 44 (4.0-48) 10.2 (9.6-10.8)
80 mg 77.9 (77.1-78.7) 6.4 (5.9-6.9) 5.4 (5.0-5.8) 10.3 (9.7-10.9)
All doses combined ~ 78.0 (77.2-78.8) 7.3 (68-7.8) 4.6 (4.2-5.0) 10.0 (9.4-10.6)

Abbreviations: Cl, confidence interval; EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.

Table S4 Humana Medicare: proportion of patients with LDL-C <1.8 mmol/L (<70 100 mg/dL) and proportion with levels > 1.8 mmol/L
(>70 mg/dL) categorized by distance from goal

Atorvastatin % (95% CI)

dose LDL-C <1.8 mmol/L

(<70 mg/dL)

LDL-C =1.8 to
<2.1 mmol/L

(=70 to <80 mg/dL)

LDL-C =2.1 to
<2.3 mmol/L

(=80 to <90 mg/dL)

LDL-C =2.3 mmol/L

(=90 mg/dL)

10 mg 25.7 (25.0-26.4) 15.4 (14.9-16.0) 16.5 (15.9-17.1) 424 (41.7-432)
20 mg 27.3 (26.6-27.8) 15.3 (14.8-15.8) 15.1 (14.6-15.6) 423 (41.6-43.1)
40 mg 29.7 (29.0-30.9) 16.1 (15.5-16.7) 15.6 (15.1-16.2) 38.6 (37.9-39.3)
80 mg 33.0 (32.3-337) 14.9 (14.4-15.4) 14.7 (14.2-15.2) 37.4 (36.7-38.1)
All doses combined 28.3 (27.6-29.0) 15.5 (15.0-16.1) 15.5 (15.0-16.1) 40.7 (40.0-41.4)

Abbreviations: Cl, confidence interval; EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.

Table S5 Humana Medicare: proportion of patients with LDL-C <2.6 mmol/L (<100 mg/dL) and proportion with levels >2.6 mmol/L
(>100 mg/dL), categorized by distance from goal
% (95% CI)

LDL-C <2.6 mmol/L
(<100 mg/dL)

Atorvastatin dose

LDL-C =2.6 to
<2.9 mmol/L
(=100 to <110 mg/dL)

LDL-C =2.9 to
<3.1 mmol/L
(=110 to <120 mg/dL)

LDL-C =3.1 mmol/L
(=120 mg/dL)

10 mg 71.5(70.8-72.2) 9.1 (8.7-9.5) 6.8 (6.4-7.2) 12.6 (12.2-13.1)
20 mg 70.6 (69.9-71.3) 9.2 (8.8-9.6) 6.2 (5.8-6.6) 14.0 (13.5-14.5)
40 mg 73.3 (72.6-74.0) 8.5 (8.1-8.9) 5.6 (5.3-6.0) 12.6 (12.1-13.1)
80 mg 73.8 (73.1-74.5) 8.5 (8.1-8.9) 5.3 (5.0-5.6) 12.4 (11.9-12.9)
All doses combined 720 (71.3-72.7) 8.8 (84-9.2) 6.0 (5.6-6.4) 13.2 (12.7-13.7)
Abbreviations: Cl, confidence interval; EMR, electronic medical record; LDL-C, low-density lipoprotein cholesterol.
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