
p
�
h
s
o
t
a
c

M

p
d
t
s
f

Achieving Optimal Lipid Goals in Patients With Coronary
Artery Disease

Dean G. Karalis, MDa,b,*, Raghunandan Dudda Subramanya, MDb, Scott E. Hessen, MDa,b,
Longjian Liu, MD, PhD, MScc, and Mark F. Victor, MDa,b

Guidelines for lipid-lowering therapy recommend intensive low-density lipoprotein (LDL)
cholesterol lowering for patients with coronary artery disease. Previous studies have found
that many high-risk patients are not achieving their LDL cholesterol goals, and many
patients, despite being treated with lipid-lowering therapy, also have elevated triglycerides
or low levels of high-density lipoprotein (HDL) cholesterol. To evaluate lipid goals in a
“real world” clinical setting, the electronic medical records of 10,040 patients with coronary
artery disease from a large cardiology subspecialty practice from September 2008 to
September 2009 were reviewed. Overall, 79% of patients achieved an LDL cholesterol goal
of <100 mg/dl, while only 35% achieved the more aggressive goal of <70 mg/dl. Non-HDL
cholesterol goals of <130 and <100 mg/dl were achieved in 79% and 44% of patients,
respectively. Only 69% achieved normal triglyceride levels, and only 63% of men and 56%
of women achieved normal levels of HDL cholesterol. Women and younger men were less
likely to achieve their lipid goals. In conclusion, most patients with coronary artery disease
achieve the minimal LDL cholesterol goal of 100 mg/dl, but few achieve the more aggressive
goals of <70 mg/dl. Many high-risk patients have elevated levels of triglycerides or low
levels of HDL cholesterol despite treatment. Combination lipid-lowering therapy is used
infrequently in practice. There exists a significant opportunity for physicians to more
aggressively treat lipids to achieve the levels recommended by clinical guidelines. © 2011

Elsevier Inc. All rights reserved. (Am J Cardiol 2011;107:886–890)
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Previous studies have found that many patients with
coronary artery disease (CAD) are not achieving their min-
imal recommended low-density lipoprotein (LDL) and non–
high-density lipoprotein (HDL) cholesterol goals, and few
achieve normal levels of HDL cholesterol and triglycer-
ides.1–4 More recent studies have found that even fewer
atients with CAD are achieving an LDL cholesterol level
70 mg/dl and a non-HDL cholesterol level �100 mg/dl;

owever, most of these studies either evaluated patients
hortly after the guidelines were updated in 2004 or focused
nly on LDL cholesterol goal attainment.5–8 The purpose of
his study was to evaluate whether patients with CAD are
chieving all their lipid goals in a current, “real world”
linical practice.

ethods

The study site was Cardiology Consultants of Philadel-
hia, a large cardiology subspecialty practice in the Phila-
elphia area. Using an electronic medical record, we iden-
ified 23,408 patients with histories of CAD who had been
een at 1 of our outpatient offices over a 12-month period
rom September 2008 to September 2009. Patients were
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xcluded if they did not have a complete lipid profile in the
lectronic medical record flow sheet dated within the study
eriod or within 6 months of their last office visit. In
atients with �1 complete lipid panel, the most recent lipid
anel was used. Age, gender, history of current cigarette
moking, type 2 diabetes, hypertension, current lipid-low-
ring medications, and patient demographics were extracted
rom the electronic medical record. The study was approved
y the Institutional Review Board of Drexel University
ollege of Medicine.

The primary outcome measures were the percentages of
atients who achieved an LDL cholesterol goal of �100
g/dl and a non-HDL cholesterol goal of �130 mg/dl and

he percentages of patients who achieved an LDL goal
holesterol of �70 mg/dl and a non-HDL cholesterol goal
f �100 mg/dl. Additional outcome measures included the
ercentage of patients with low levels of HDL cholesterol
defined as an HDL cholesterol level of �40 mg/dl for men
nd �50 mg/dl for women) and the percentage of patients
ith high triglycerides (defined as a triglyceride level of
150 mg/dl).
For statistical analysis, chi-square tests were used to

est differences for categorical variables and Student’s t
ests for continuous variables. Multivariate logistic re-
ression analysis methods were applied to control con-
ounding effects using the study outcomes (achieved vs
ot achieved) as the dependent variable and predictors of
ge, gender, cigarette smoking, body mass index, and
iabetes as the independent variables. All data analyses

ere conducted using SAS version 9.1 (SAS Institute
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Inc., Cary, North Carolina). A 2-sided p value �0.05 was
considered statistically significant.

Results

A total of 10,040 patients with CAD met the criteria for
inclusion in the study. The clinical characteristics of the
patients are listed in Table 1. Among patients prescribed
ezetimibe, 88% were also taking statins, while the remain-
ing 12% were treated with ezetimibe alone. Among patients
prescribed fibrates, 61% were taking fenofibrate, 23% feno-
fibric acid, and 16% gemfibrozil.

Overall, 79% of patients achieved the LDL cholesterol
goal of �100 mg/dl, while only 35% achieved the lower
LDL cholesterol goal of �70 mg/dl. The distribution of
achieved LDL cholesterol levels among the patients is de-
picted in Figure 1. Women compared with men were less
likely to achieve an LDL cholesterol goal of �100 mg/dl
(73% vs 83%, p �0.001) and an LDL cholesterol goal of
�70 mg/dl (31% vs 38%, p �0.0001). Multivariate predic-
tors of not achieving an LDL cholesterol goal of �70 mg/dl
included age �65 years (p �0.001), female gender
(p �0.001), and obesity, defined as body mass index �30
kg/m2 (p � 0.02). Among patients whose LDL cholesterol
was �70 mg/dl, 51% were treated with simvastatin (average
dose 42 mg), 22% were treated with atorvastatin (average
dose 38 mg), and 16% were treated with rosuvastatin (av-
erage dose 19 mg). Only 11% of patients whose LDL
cholesterol was �70 mg/dl were treated with bile acid
sequestrants, and only 15% were taking ezetimibe.

With regard to non-HDL cholesterol, 79% of patients
achieved a non-HDL cholesterol goal of �130 mg/dl, while

Table 1
Patient characteristics (n � 10,040)

Variable Value

Age (years) 71 � 12
Men 6,650 (66%)
Women 3,390 (34%)
Diabetes mellitus 2,691 (27%)
Hypertension 6,738 (67%)
Current smokers 878 (9%)
Body mass index (kg/m2) 31 � 6
LDL cholesterol (mg/dl) 82 � 29
Non-HDL cholesterol (mg/dl) 109 � 34
Triglycerides (mg/dl) 211 � 129
HDL cholesterol (mg/dl) 39 � 12
Statin therapy 8,727 (87%)

Pravastatin 554 (6%)
Fluvastatin 46 (0.5%)
Lovastatin 466 (5%)
Simvastatin 4,414 (44%)
Atorvastatin 1,880 (19%)
Rosuvastatin 1,367 (14%)

Ezetimibe therapy 1,577 (16%)
Bile acid sequestrant therapy 88 (0.9%)
Niacin therapy 1,051 (11%)
Fibrate therapy 914 (9%)
High-dose omega-3 fatty acid therapy 88 (0.9%)

Data are expressed as mean � SD or as number (percentage).
only 44% achieved the lower non HDL cholesterol goal of l
�100 mg/dl. Among those patients with triglyceride levels
�200 mg/dl, a non-HDL cholesterol goal of �130 mg/dl
was achieved in 72% of patients and a non-HDL cholesterol
goal of �100 mg/dl in 43%.

Overall, 85% of patients achieved triglyceride levels
�200 mg/dl, while only 69% achieved normal triglyceride
levels of �150 mg/dl. The distribution of the patients’
triglyceride levels is depicted in Figure 2. Women were less
likely to achieve optimal triglyceride levels than men (66%
vs 70%, p � 0.0004). Multivariate predictors of not achiev-
ing normal triglyceride levels included age �65 years, fe-
male gender, obesity, current smoking, and diabetes
(p �0.001). In patients with triglyceride levels �200 mg/dl
nly 28% were being treated with triglyceride-lowering
edications. Among these patients, 18% were taking fi-

rates, 11% were taking niacin, and 2% were treated with
igh-dose prescription omega-3 fatty acids.

Overall, 63% of men and 56% of women achieved nor-
al levels of HDL cholesterol. The mean value of HDL

holesterol for men was 36 � 10 mg/dl and for women was
2 � 14 mg/dl. The distribution of HDL cholesterol values
or the patients is depicted in Figure 3. Multivariate predic-
ors of not achieving normal HDL cholesterol levels in-
luded female gender, obesity, current smoking, and diabe-
es (p �0.001) as well as age �65 years (p � 0.002).

Women were less likely to achieve normal levels of HDL
cholesterol than men (56% vs 63%, p �0.0001). Only 12%
of patients with low HDL cholesterol were treated with
niacin, and women were less likely than men to be treated
with niacin (6% vs 16%, p �0.001).

In total, 43% of men achieved an LDL cholesterol goal
of �100 mg/dl and normal levels of triglycerides and HDL
cholesterol, while only 19% achieved the more aggressive
LDL cholesterol goal of �70 mg/dl along with normal
levels of triglycerides and HDL cholesterol. A total of 33%
of women achieved an LDL cholesterol goal of �100 mg/dl
and had normal levels of triglycerides and HDL cholesterol,
while only 13% achieved their more aggressive LDL cho-
lesterol goal of �70 mg/dl along with normal levels of
triglycerides and HDL cholesterol. Women were less likely
to achieve normal levels of all 3 of their lipid parameters
compared with men (p �0.001).

Discussion

Since the National Cholesterol Education Program up-
date published in 2004,9 overall LDL goal achievement
has improved. The results of our study demonstrate that
most patients with CAD are achieving the minimal Na-
tional Cholesterol Education Program LDL cholesterol
goals,10 but few patients in clinical practice are achieving
he more aggressive LDL cholesterol goal of �70 mg/dl.
imilarly, few are achieving the non-HDL cholesterol
oal of �100 mg/dl.

In the recently published Lipid Treatment Assessment
roject (L-TAP) 2 survey, conducted in 2006 and 2007,
mong 2,993 patients with CAD from 9 countries, the per-
entage of patients reaching the LDL cholesterol goal of
100 mg/dl had increased to 67%, but the percentage who

chieved the more aggressive goal of �70 mg/dl, remained

ow at 30%.7 In our study, which provides a more current
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evaluation of CAD patients’ lipid goals, almost 80% of
patients achieved the LDL cholesterol goal of �100 mg/dl,
but achievement of the more aggressive LDL cholesterol
goal of �70 mg/dl remained low at 35%. In our study, as in
previous studies, success rates in achieving LDL cholesterol
goals were higher in men than women and in older com-
pared with younger subjects.1,5,11,12 In a survey of a south-

Figure 1. Distribution of achieved LDL cholesterol levels among the stu
ptimal LDL cholesterol levels.

Figure 2. Distribution of achieved triglyceride levels among the study pa
levels.
astern United States managed care database, among 8,353
igh-risk women followed for a period of 3 years, only 29%
chieved an LDL cholesterol of �100 mg/dl, and only 32%
chieved a non-HDL cholesterol of �130 mg/dl.12

Among patients who have not achieved the more aggres-
sive LDL cholesterol goal, there is an opportunity to more
aggressively treat these patients. The more potent statins
atorvastatin and rosuvastatin were prescribed in �1/2 of

nts. The shaded gray bars represent those patients who did not achieve

The shaded gray bars represent those patients with elevated triglyceride
dy patie
tients.
patients who did not achieve an LDL cholesterol goal of
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�70 mg/dl, and when prescribed, the average dose was
below the maximal dose of either of these statins. This is
despite clinical studies that have shown safety and added
benefit when these drugs are prescribed at their higher
doses.13–16 In addition, other cholesterol-lowering drugs,
such as bile acid sequestrants, ezetimibe, and niacin, which
have LDL cholesterol–lowering properties, were infre-
quently prescribed in patients not at their optimal LDL
cholesterol goals.

In addition to not achieving most patients’ more aggres-
sive LDL cholesterol goals, many patients also had persis-
tently low levels of HDL cholesterol or high levels of
triglycerides. In our study, almost 1/3 of patients had ele-
vated levels of triglycerides, while �1/3 of men and almost
1/2 of women had low levels of HDL cholesterol. There is
a high prevalence of low levels of HDL cholesterol and
elevated triglyceride levels in treated CAD patients. In 1
study of 1,512 CAD or coronary heart disease risk equiva-
lent patients, 66% had low levels of HDL cholesterol, de-
fined as �40 mg/dl for men and �50 mg/dl for women.6 In

study of 8,500 male veterans in the United States, 64%
ad HDL cholesterol levels �40 mg/dl.17 In a more recent

survey, the L-TAP 2 investigators found that 30% of high-
risk men and 38% of high-risk women had low levels of
HDL cholesterol, using cutoffs of �40 mg/dl for men and
�50 mg/dl for women.7 These findings are similar to ours
nd confirm previous findings that women who are being
reated with cholesterol-lowering medications are more
ikely to have low HDL cholesterol levels on treatment
ompared to men.

In our study, other lipid-lowering drugs shown to be
ffective in lowering triglycerides or increasing HDL cho-
esterol were infrequently used. In 1 study in high-risk
atients with low levels of HDL cholesterol, �4% of these
atients were being treated with niacin, and only 4% were

Figure 3. Distribution of achieved HDL cholesterol levels among men (top
hose patients with low levels of HDL cholesterol.
reated with fibrate therapy.6 In a study of high-risk women
followed for a 3-year period, only 7% achieved optimal
levels of LDL cholesterol, HDL cholesterol, and triglycer-
ides.12 At the end of the study period achieving optimal
ipid levels for all 3 lipid parameters had increased to only
1%, and the use of niacin or fibrate therapy remained low
n these women. Using observational data from a large
ealth maintenance organization, Nichols et al18 evaluated
he frequency of obtaining the National Cholesterol Educa-
ion Program lipid goals in patients up to 15 months after
hey were started on lipid-lowering therapy. Among high-
isk patients, 22% had high triglyceride levels, and 59% had
ow levels of HDL cholesterol despite being treated with
ipid-lowering therapy. As in our study, the use of nonstatin
rugs in these patients was low.

There were several limitations to our study. First, our
tudy was from a single site and only involved patients who
ere managed by a cardiologist. Our findings may not

eflect trends in achieving lipid goals in other parts of the
nited States or reflect the practices of primary care phy-

icians. Second, we only included patients who had full
ipid profiles available in their electronic medical records.
atients without recent lipid profiles are more likely to be
ndertreated, and our findings may have underestimated the
ctual number of patients who are achieving their lipid goals
n clinical practice.
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