
© 2013 Foody et al. This work is published by Dove Medical Press Ltd, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Ltd, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Ltd. Information on how to 
request permission may be found at: http://www.dovepress.com/permissions.php

Vascular Health and Risk Management 2013:9 719–727

Vascular Health and Risk Management Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
719

O R i g i n a l  R e s e a R c H

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/VHRM.S49840

changes in lDl-c levels and goal attainment 
associated with addition of ezetimibe to 
simvastatin, atorvastatin, or rosuvastatin 
compared with titrating statin monotherapy

Joanne M Foody1

Peter P Toth2,3

Joanne e Tomassini4

shiva sajjan4

Dena R Ramey4

David neff4

andrew M Tershakovec4

Henry Hu4

Kaan Tunceli4

1Brigham and Women’s Hospital, 
Boston, Ma, 2cgH Medical center, 
sterling, il, 3University of illinois 
college of Medicine, Peoria, il, 4Merck 
& co., inc., Whitehouse station, nJ, 
Usa

correspondence: Joanne M Foody 
Brigham and Women’s Hospital,  
1153 centre street, suite 4930,  
Boston, Ma 02130, Usa 
Tel +1 857 307 1989 
Fax +1 617 983 2488 
email jfoody@partners.org

Background: Many high-risk coronary heart disease (CHD) patients on statin monotherapy 

do not achieve guideline-recommended low-density lipoprotein cholesterol (LDL-C) goals, and 

combination lipid-lowering therapy may be considered for these individuals. The effect of add-

ing ezetimibe to simvastatin, atorvastatin, or rosuvastatin therapy versus titrating these statins 

on LDL-C changes and goal attainment in CHD or CHD risk-equivalent patients was assessed 

in a large, managed-care database in the US.

Methods: Eligible patients (n = 17,830), initially on statin monotherapy who were $18 years 

with baseline and follow-up LDL-C values, no concomitant use of other lipid-lowering therapy, 

and on lipid-lowering therapy for $42 days, were identified between November 1, 2002 and 

September 30, 2009. The percent change from baseline in LDL-C levels and the odds ratios 

for attainment of LDL-C ,1.8 and ,2.6 mmol/L (70 and 100 mg/dL) were estimated using 

an analysis of covariance and logistic regression, respectively, adjusted for various baseline 

factors.

Results: LDL-C reductions from baseline and goal attainment improved substantially in 

patients treated with ezetimibe added onto simvastatin, atorvastatin, or rosuvastatin therapy 

(n = 2,312) versus those (n = 13,053) who titrated these statins. In multivariable models, 

percent change from baseline in LDL-C was −13.1% to −14.8% greater for those who added 

ezetimibe onto simvastatin, atorvastatin, or rosuvastatin versus those who titrated. The odds of 

attaining LDL-C ,1.8 and ,2.6 mmol/L (70 and 100 mg/dL) increased by 2.6–3.2-fold and 

2.5–3.1-fold, respectively, in patients who added ezetimibe onto simvastatin, atorvastatin, or 

rosuvastatin versus titrating statins.

Conclusion: CHD/CHD risk-equivalent patients in a large US managed-care database, who 

added ezetimibe onto simvastatin, atorvastatin, or rosuvastatin, had greater LDL-C reductions 

and goal attainment than those who uptitrated these statin therapies. Our study suggests that 

high-risk CHD patients in need of more intensive LDL-C lowering therapy may benefit by add-

ing ezetimibe onto statin therapy.

Keywords: low-density lipoprotein cholesterol goal, ezetimibe, atorvastatin, rosuvastatin

Introduction
While statin therapy has been shown to be highly effective in lowering low-density 

lipoprotein cholesterol (LDL-C) and reducing cardiovascular disease risk,1–3 many 

higher-risk coronary heart disease (CHD) and/or CHD risk-equivalent patients do 

not achieve their guideline-recommended LDL-C goals.4,5 Several studies have 

shown that while approximately two thirds of high-risk CHD patients achieve LDL-C 
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Table 1 Estimated low-density lipoprotein cholesterol (LDL-C) lowering efficacy levels for statin and ezetimibe added onto statin therapiesa

LDL-C- 
lowering 
potency level*

Estimated %  
LDL-C reduction  
range**

Mg (estimated % LDL-C reduction)

Rosuvastatin(b) Atorvastatin(c) Simvastatin(d) Ezetimibe + 
rosuvastatin

Ezetimibe + 
atorvastatin(e)

Ezetimibe + 
simvastatin

low 20–32 5 (26)
10 (32)†

Medium 36–50 10 (38) 20 (36)†

5 (45) 20 (44) 40 (41)†

10 (49)‡ 40 (50) 10 (47)§

High 52–70 20 (54)‡ 80 (55) 10 (53) 20 (52)§

40 (60)‡ 5 (59)¶ 20 (54) 40 (56)§

10 (61)†† 40 (56) 80 (60)║

20 (66)¶ 80 (61)
40 (70)‡‡

Notes: aReprinted with modification from Toth PP, Ballantyne CM, Davidson MH et al. Changes in prescription patterns before and after reporting of the Ezetimibe and 
simvastatin in Hypercholesterolemia enhances atherosclerosis Regression trial (enHance) results and expected effects on low-density lipoprotein-cholesterol reduction. 
J Clin Lipidol. 2012;6(2):180–191. copyright 2012, with permission from elsevier.11 *Potency levels low, medium, and high based on lDl-c-lowering as described in prescribing 
information for each drug and in previously reported randomized clinical trials as indicated; **data are not placebo-adjusted. % lDl-c reductions from: bcrestor prescribing 
information;12 caverage of data in lipitor prescribing information13 and clinical studies;17–19 dZocor prescribing information;14 eliptruzet prescribing information;15 †average of 
data in Zocor prescribing information14 and Bays et al;20 ‡average of data in crestor prescribing information12 and catapano et al;21 §average of data in Vytorin prescribing 
information16 and Ballantyne et al;17,18 ¶calculated using 26% lDl-c reduction in Pearson, et al;22 ║ average of data in Vytorin prescribing information,16 Ballantyne, et al.17,18 
and catapano et al;21 ††data from Kosoglou et al;23 ‡‡data from Ballantyne et al.24

levels of ,2.6 mmol/L (100 mg/dL), only about one third 

of these patients attain LDL-C ,1.8 mmol/L (70 mg/dL) 

levels.4,6–9 For these patients, clinical guidelines recommend 

more intensive LDL-C-lowering therapy, including statin 

uptitration to maximally tolerated doses, and/or combina-

tion therapy.2,3 However, many patients may not be able to 

tolerate higher statin doses, and combination therapy may be 

a better alternative. In several clinical studies, the addition 

of ezetimibe to ongoing statin therapy or coadministered 

with statins has been shown to improve lowering of LDL-C 

as well as goal attainment more than statins alone and is 

generally well tolerated in various patient populations.10 The 

combination also provides greater LDL-C reduction and goal 

attainment when compared with doubling the statin dose. 

In this study, the effect of adding ezetimibe to simvastatin, 

atorvastatin, or rosuvastatin therapy on LDL-C changes and 

goal attainment was compared with titrating these statins in 

CHD/CHD risk-equivalent patients using data from a large 

US managed-care database.

Materials and methods
This was a retrospective, observational study of data in a US 

administrative managed-care database that included medical 

claims, automated laboratory data, and prescription claims. 

Eligible patients, identified between November 1, 2002 and 

September 30, 2009, included those $18 years of age who 

had a prescription for statin monotherapy with baseline and 

follow-up LDL-C values, as well as no overlap with other 

lipid-lowering therapy and who had no discontinuations of 

lipid-lowering therapy at baseline or follow-up during the 

study period. Eligibility included a diagnosis of CHD or 

CHD risk-equivalent in the 12 months prior to the switch to 

ezetimibe add-on therapy or titrating statin therapy. Diag-

noses (derived from the Ninth Revision of International 

Classification of Diseases or inferred from Current Proce-

dural Terminology procedure codes) considered to be CHD 

and CHD risk-equivalents included myocardial infarction, 

angina pectoris, ischemic stroke, peripheral vascular dis-

ease, diabetes, other acute/subacute ischemic heart disease, 

coronary or peripheral revascularization, acute carotid artery 

procedures, other forms of chronic ischemic heart disease, 

and atherosclerosis. Although a 10-year Framingham risk 

score that exceeds 20% is also a CHD risk-equivalent, infor-

mation to calculate Framingham risk score was not available 

in this database.

The add-on group consisted of those patients who 

were initially on simvastatin, atorvastatin, or rosuvastatin 

monotherapy and added ezetimibe onto this statin therapy. 

The titrator group consisted of those patients who either 

titrated their initial statin dose or switched to higher-potency 

statin monotherapy. The comparative potency levels for the 

various doses of simvastatin, atorvastatin, or rosuvastatin, and 

for ezetimibe added onto each of these statins, was estimated 

from the expected LDL-C responses based on the prescribing 

information and clinical trial data for the indicated therapies 

(Table 1).11–24 The potency levels based on estimated LDL-

C-lowering reductions were categorized as low (20%–32%), 

medium (36%–50%), or high (52%–70%). Baseline was 

defined as up to 6 months before the add-on or titration date 

(index date), with the last LDL-C value taken after at least 
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42 days on therapy. Follow-up was defined as up to 12 months 

after the index date, with the first LDL-C value taken after at 

least 42 days on add-on/titration therapy. A 42-day (6-week) 

window was selected as the minimum treatment duration 

prior to an LDL-C value for initial therapy and add-on/titra-

tion therapy. This time period was chosen since clinical trials 

for lipid-lowering agents typically have a minimum 6-week 

follow-up period to assess LDL-C-lowering efficacy.

The mean percent change from baseline in LDL-C and 

percentage of patients attaining LDL-C goals ,1.8 mmol/L 

(70 mg/dL) and ,2.6 mmol/L (100 mg/dL) were evaluated. 

The percent change from baseline in LDL-C was assessed 

using an analysis of covariance model adjusted for age, sex, 

baseline LDL-C, and baseline statin potency. The odds ratios 

for the attainment of LDL-C levels ,1.8 and ,2.6 mmol/L 

(70 and 100 mg/dL) at follow-up for each baseline therapy 

were estimated by logistic regression analysis adjusted 

for age, sex, baseline goal attainment, and baseline statin 

potency.

Results
There were 436,370 patients identified in the database 

between November 1, 2002 and September 30, 2009 who 

initially received statin monotherapy (Figure 1). Of the 

43,492 (10%) patients who added ezetimibe to their ongoing 

statin therapy, there were 2,312 (5.3%) CHD/CHD risk-

equivalent patients who were eligible for the analysis. This 

group included 540 (23.3%) patients who were on ongoing 

simvastatin, 1,504 (65.0%) on atorvastatin, and 268 (11.6%) 

on rosuvastatin monotherapies. Of the 392,878 patients 

(90%) in the database initially on statin therapy who titrated 

to either a higher dose of the same statin or switched to a 

higher-potency dose of another statin, 13,053 (3.3%) were 

eligible for the analysis. Among these patients, 4,170 (32.0%) 

were on simvastatin, 7,653 (58.6%) were on atorvastatin, and 

1,230 (9.4%) were on rosuvastatin monotherapies.

The mean age ranged from 56.2 to 57.1 years across the 

groups and men accounted for about 65.0% of the overall 

analysis population (Table 2). The most prevalent diagnoses 

were diabetes (44.0%–69.0%) and chronic ischemic heart 

disease (32.6%–63.1%). At baseline, the largest proportion of 

patients on simvastatin monotherapy were on a 40 mg dose in 

the ezetimibe add-on group, and most of those in the titrator 

group were on a 20 mg dose. Among the patients on atorvasta-

tin, the greatest proportion of patients were on a 40 mg dose in 

the add-on group and a 10 mg dose in the titrator group, while 

among those on rosuvastatin, more patients were on a 10 mg 

dose in both the add-on and titrator groups. At follow-up, the 

majority of patients in the simvastatin and atorvastatin add-on 

groups were still at the baseline dose, while in the rosuvastatin 

add-on group there was a slight increase in the number of 

patients who uptitrated to the next dose. Most patients who 

titrated doubled their doses in each statin group.

The majority of patients were on statins of medium 

LDL-C-lowering potency at baseline in all groups. Most 

of the patients on simvastatin monotherapy were on doses 

Patients receiving LLT between
Nov 1, 2002 and Sept 30, 2009

(n = 436,370)

Patients who added-on EZE
(n = 43,492)

Patients who titrated
(n = 392,878)

Patients 18+ and CHD equivalent
(n = 170,418)

Patients 18+ and CHD equivalent
(n = 27,100)

Patients with BL and FW LDL-C values
meeting full entry criteria

(n = 2,312)

Patients with BL and FW LDL-C values
meeting full entry criteria

(n = 13,053)

Simvastatin
(n = 540)

Atorvastatin
(n = 1,504)

Rosuvastatin
(n = 268)

Simvastatin
(n = 4,170)

Atorvastatin
(n = 7,653)

Rosuvastatin
(n = 1,230)

Figure 1 Patient flow.
Abbreviations: Bl, baseline; eZe, ezetimibe; FW, follow-up; llT, lipid-lowering therapy; cHD, coronary heart disease; lDl-c, low-density lipoprotein cholesterol.
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of medium LDL-C-lowering potency in each of the add-on 

(97.2%) and titrator (83.5%) groups at baseline (Tables 1 and 

2). Among those on atorvastatin, 73.9% were on medium-

potency LDL-C-lowering doses and 26.1% were on high-

potency doses in the add-on group, while 99.6% of patients 

were on medium-potency doses in the titrator group. For those 

on rosuvastatin, about half of the patients were on medium-

potency doses and half were on high-potency doses in the 

add-on group, while in the titrator group, most (82.1%) were 

on medium-potency and 17.9% were on high-potency LDL-

C-lowering doses. At follow-up, among the patients who 

added ezetimibe to their statin therapies, the majority (96.3%) 

of those on simvastatin and all patients on atorvastatin and 

rosuvastatin monotherapies were on doses of high-potency 

LDL-C-lowering therapy (Tables 1 and 2). Among those who 

uptitrated simvastatin, most (98%) were on medium-potency 

LDL-C-lowering doses, and among those who uptitrated ator-

vastatin, 85.3% were on medium-potency doses and 14.8% 

Table 2 Baseline patient characteristics

Characteristic Simvastatin Atorvastatin Rosuvastatin

Add-on 
(n = 540)

Titrate 
(n = 4,170)

Add-on 
(n = 1,504)

Titrate 
(n = 7,653)

Add-on 
(n = 268)

Titrate 
(n = 1,230)

age, years, mean (sD) 57.1 (7.9) 56.2 (8.1) 57.2 (7.4) 56.3 (8.2) 56.5 (8.3) 56.2 (8.1)
sex, males, % 67.8 58.7 71.3 62.1 68.3 61.7
Time to index date,* mean days (sD) 525.0 (399.8) 460.7 (417.2) 617.0 (484.8) 541.2 (464.3) 355.7 (278.7) 322.4 (255.5)
Days to baseline lDl-c  
(from initial start), mean (sD)

495.7 (396.4) 421.0 (413.3) 583.0 (485.2) 496.9 (461.2) 324.1 (274.9) 280.2 (249.5)

Days to follow-up lDl-c  
(from index date), mean (sD)

170.8 (94.9) 191.4 (96.1) 192.7 (97.1) 198.7 (96.1) 176.6 (94.3) 184.0 (94.4)

Year of index date %
 2002 3.0 0 1.1 0 0 0
 2003 32.2 11.8 17.6 10.1 0 0
 2004 34.4 16.5 22.5 17.7 12.7 6.7
 2005 11.1 12.7 25.6 22.7 23.1 11.4
 2006 7.4 14.0 19.4 20.3 20.9 17.6
 2007 4.4 12.0 8.6 12.0 20.1 17.6
 2008 5.0 20.7 3.3 11.4 12.7 30.2
 2009 2.4 12.3 1.9 5.7 10.4 16.7
Baseline comorbidities %
 acute myocardial infarction 6.5 4.4 6.9 4.6 6.7 4.4
 Previous myocardial infarction 7.4 5.1 10.4 4.7 9.0 4.1
 ischemic stroke 2.2 1.9 2.5 2.2 0.7 2.1
 Peripheral vascular disease 2.6 2.0 2.8 2.0 2.2 1.3
 Diabetes 53.9 69 49.3 66.9 44 67.5
 angina pectoris 17.8 9.2 14.2 9.8 15.3 10.9
 acute ischemic heart disease 10.0 7.0 12.5 6.9 10.1 6.1
 Revascularization 8.0 4.7 7.9 5.2 8.6 6.3
 acute carotid artery procedures 0.6 0.3 0.5 0.2 0 0.4
 chronic ischemic heart disease 58.9 32.6 63.1 37.7 60.1 32.5
 atherosclerosis 22.8 15.9 23.3 17.0 25.0 18.7
 cHD/cHD risk-equivalent 100 100 100 100 100 100
Baseline dose  
 (immediately before lDl-c) %
 5 mg 0.7 1.5 0 0 3.4 19.9
 10 mg 2.0 15.0 9.4 51.3 43.7 62.2
 20 mg 19.6 54.3 25.1 35.6 34 17.5
 40 mg 43.9 28.6 39.4 12.7 19 0.4
 80 mg 33.7 0.6 26.1 0.4 0 0
Follow-up dose  
 (immediately before lDl-c) %
 5 mg 0.4 0.1 0 0 3.4 0.9
 10 mg 3.3 1.9 7.8 2.7 32.8 21.1
 20 mg 16.1 14.9 22.3 44.2 38.8 56.8
 40 mg 45.4 53.8 39.4 38.4 25 21.2
 80 mg 34.8 29.3 30.4 14.8 0 0

Note: *Time to index date (non-add-on and non-titrate episodes were applied an index date based on distribution of add-on/titrate).
Abbreviations: cHD, coronary heart disease; lDl-c, low-density lipoprotein cholesterol; sD, standard deviation.
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were at high-potency levels at follow-up. All patients were 

on high LDL-C-lowering potency levels of therapy in both 

the rosuvastatin add-on and titration groups.

The mean LDL-C levels at baseline were significantly 

higher in the add-on groups for each statin (2.9–3.1 mmol/L 

[113–118 mg/dL]) compared with those of the titrators 

(2.6–2.8 mmol/L [102–108 mg/dL], Table 3). At follow-up, 

LDL-C levels were reduced more in the add-on groups 

(2.1–2.2 mmol/L [80–85 mg/dL]) than in the titrator groups 

(2.3–2.5 mmol/L [87–95 mg/dL]). Both the absolute changes 

in LDL-C levels (Table 3) and the percent changes from 

baseline (Figure 2) were significantly greater in the add-on 

groups than in the titrator groups.

At baseline, the percentages of patients who were at 

LDL-C levels of ,1.8 and ,2.6 mmol/L (70 and 100 mg/dL) 

were significantly higher in the titrator than add-on groups for 

all statins (Figure 3). In contrast, at follow-up, the percentage 

of goal attainment was significantly larger when ezetimibe 

was added on for each statin group compared with the titra-

tors. In multivariate models, the adjusted difference in percent 

change from baseline was greater for the ezetimibe add-on 

group versus the statin titrator group, and the likelihood of 

goal attainment was 2.5–3.2 times higher for add-on com-

pared with uptitration therapy (Table 4).

Discussion
In this real-world setting, both LDL-C lowering and goal attain-

ment improved substantially in CHD/CHD risk-equivalent 

patients who added ezetimibe onto ongoing simvastatin, ator-

vastatin, or rosuvastatin monotherapies compared with those 

who uptitrated their statin dose or switched to more potent 

statin therapy. Regardless of several baseline factors, including 

age, sex, LDL-C levels, goal attainment, and statin potency, 

LDL-C reductions and the likelihood of attaining LDL-C ,1.8 

and ,2.6 mmol/L (70 and 100 mg/dL) were greater for those 

patients who added ezetimibe onto simvastatin, atorvastatin, or 

rosuvastatin compared with those who uptitrated these statins 

or switched to more potent statin therapy. LDL-C lowering and 

goal attainment also improved when statin therapy was upti-

trated to more efficacious LDL-C-lowering doses. Overall, these 

results indicate that high-risk CHD patients in need of more 

intensive LDL-C-lowering therapy may benefit from therapies 

with more potent LDL-C-lowering efficacy, including ezetimibe 

added onto statins or statin uptitration therapies.

Although LDL-C goal attainment rates have recently 

improved overall through an increased awareness and use 

of lipid-lowering therapy, many high-risk CHD patients still 

do not meet guideline-recommended LDL-C goals on statin 

monotherapy.4,6,25,26 In our study, 22%–51% and 3%–15% 

of high-risk CHD patients had LDL-C levels of ,2.6 

and ,1.8 mmol/L (100 and 70 mg/dL) at baseline, the major-

ity of whom were on medium-potency doses of simvastatin, 

atorvastatin, or rosuvastatin. Attainment of LDL-C levels 

,2.6 mmol/L (100 mg/dL) improved substantially in all 

patients to 77%–84% with addition of ezetimibe to statin 

therapy and to 62%–70% with statin uptitration. However, 

while attainment rates for LDL-C ,1.8 mmol/L (70 mg/dL) 

also increased by 30%–36% with ezetimibe add-on therapy, 

and by 14%–26% for statin uptitration, approximately two 

thirds of patients still did not reach these levels, even when 

high-potency LDL-C lowering efficacy levels of these thera-

pies were used. Overall, these results are consistent with prior 

studies in various high-risk CHD patients, in which lower 

percentages of patients attained LDL-C levels ,1.8 mmol/L 

(70 mg/dL) (6%–30%) than LDL-C levels of ,2.6 mmol/L 

(100 mg/dL) (18%–81%) with lipid-lowering therapy.4,6–9,25

Guidelines recommend that more intensive therapy, 

such as statin titration and/or combination therapy, may be 

needed for patients who are not at LDL-C goal.2,3 While 

statins remain the first-line therapy for LDL-C reduction 

Table 3 Baseline and follow-up lipid values

Simvastatin Atorvastatin Rosuvastatin

Add-on 
(n = 540)

Titrate 
(n = 4,170)

Add-on 
(n = 1,504)

Titrate 
(n = 7,653)

Add-on 
(n = 268)

Titrate 
(n = 1,230)

Bl lDl-c*
 mmol/l (sD) 3.1 (0.8) 2.8 (0.7) 2.9 (0.8) 2.7 (0.7) 2.9 (0.8) 2.6 (0.8)
 mg/dl (sD) 118.2 (29.5) 108.2 (27.8) 112.9 (30.5) 103.8 (28.5) 112.7 (30.4) 101.7 (32.6)
FW lDl-c*
 mmol/l (sD) 2.2 (0.7) 2.5 (0.7) 2.1 (0.7) 2.3 (0.7) 2.1 (0.7) 2.3 (0.7)
 mg/dl (sD) 84.8 (28.0) 94.9 (25.8) 80.3 (25.6) 90.5 (25.2) 80.3 (27.9) 88.6 (28.7)
Difference in lDl-c
 FW versus  
 Bl* (95% ci)

−33.4 
(−35.8, −31.0)

−13.3 
(−14.1, −12.6)

−32.6 
(−34.0, −31.2)

−13.3 
(−13.9, −12.7)

−32.3 
(−35.8, −28.9)

−19.3 
(−14.8, −11.3)

Note: *Significant at 5% level for add-on versus titrate. 
Abbreviations: BL, baseline; FW, follow-up; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation; CI, confidence interval.
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based on clinical trial data, many patients may not tolerate 

high doses required to achieve clinical targets. Combination 

therapy with ezetimibe plus statins has been shown to be safe 

and efficacious in numerous randomized, controlled clinical 

studies.10,27 In our study, ezetimibe added onto statin therapy 

resulted in greater percent LDL-C changes from baseline 

(−26% to −27%) compared with statin uptitration (−8.8% 

to −9.8%), consistent with the LDL-C reductions (−21% 

to −27%) observed previously in clinical studies in which 

ezetimibe was added onto ongoing simvastatin, atorvastatin, 

or rosuvastatin monotherapy.10,27 Moreover, the significant 

additional 16%–18% LDL-C reduction observed in our study 

with ezetimibe add-on versus statin uptitration is also in line 

with clinical studies in which the addition of ezetimibe to 

statin therapy significantly reduced LDL-C by 14%–21% 

more than doubling the statin dose.10,27

Multiple observational and randomized clinical stud-

ies have shown that statin uptitration and/or combination 

therapy with higher LDL-C-lowering efficacy is more effec-

tive than moderate-potency therapy for reducing LDL-C 

and improving goal attainment in high-risk patients.28–34 

Our study also showed that treatment with higher-potency, 

LDL-C-lowering efficacy levels of ezetimibe add-on or statin 

uptitration therapies improved both LDL-C reductions and 

goal attainment, highlighting the potential benefit of more 

intensive therapy in reaching LDL-C goals in high-risk 

patients. Nonetheless, a substantial number of patients still 

did not attain LDL-C ,1.8 mmol/L (70 mg/dL), as shown 

previously in studies of combination statin plus ezetimibe or 

niacin therapy, and statin uptitration, where ,50% of patients 

attained LDL-C ,1.8 mmol/L (70 mg/dL).7,35 These studies 

also reported that high-potency statin therapy and/or combi-

nation therapy were used less frequently in clinical practice 

compared with moderate-potency lipid-lowering therapy, 

likely due to intolerance or cost factors. Similarly, although 

the reasons for therapy choice were not specifically evaluated 
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in our study, the number of patients on high-potency levels 

of statins was less than that on medium-potency statins, and 

overall use of ezetimibe add-on therapy was much lower 

than that of statin therapy. It should be noted that a lack of 

definitive data demonstrating the benefit of statin therapy 

in combination with ezetimibe on cardiovascular outcomes 

compared with statin monotherapy may limit its use, and an 

ongoing trial may provide additional information on its role 

in clinical practice.36

A strength of this study is the assessment of the effects 

of lipid-lowering therapy in a real-world clinical practice 

setting. However, our study has some limitations related 

to analyses in any retrospective, observational database. 

Due to a lack of specific information regarding all CHD 

risk factors (eg, smoking status) in the database that would 

distinguish those with a 10-year CHD risk greater than 

20% as calculated by the Framingham Risk Score, it was 

not feasible to ascertain CHD risk-equivalent patients 

fully. Additionally, we did not have medical history for 

the time period preceding patient identification for this 

study, nor reasons for patients switching to add-on or upti-

tration therapies. Baseline data obtained in the database 

were also limited; thus, other factors such as concomitant 

medications and lifestyle changes (eg, weight loss, diet, 

exercise, comorbidity) that could affect LDL-C levels were 

also not assessed. Although the sample size of the groups 

was restricted somewhat by the availability of LDL-C 

values for only a subset of CHD/CHD risk-equivalent 

patients in the database, and the majority of the analysis 

population uptitrated statins compared with ezetimibe 

add-on therapy, the study still had adequate power to 

detect statistically significant differences in LDL-C levels 

and goal attainment. It is conceivable that variability in 

baseline and study-end LDL-C values, timing of follow-

up analyses, as well as differences in baseline LDL-C 

values between the two treatment groups may have also 

affected the overall results; however, our findings are 

consistent with those reported in other studies. Finally, 

while our study indicates that ezetimibe added onto statin 

therapy improves LDL-C reduction and goal attainment in 

high-risk patients, our study was not designed to evaluate 

the effects of therapy on clinical outcomes; thus, further 

studies are needed.

In summary, our study in a real-world setting shows that 

addition of ezetimibe to ongoing simvastatin, atorvastatin, 

or rosuvastatin therapy improves LDL-C reduction and 

goal attainment in CHD/CHD risk-equivalent patients more 

than uptitration of these statins or switching to more potent 

statin monotherapies. Whether combination ezetimibe/

statin therapy is comparable with the use of high-potency 

statins in cardiovascular disease risk reduction remains to 

be determined. In the recent SHARP (Study of Heart and 

Renal Protection) trial, combination ezetimibe/simvastatin 

(10/20 mg) reduced the incidence of major atherosclerotic 

events and was well tolerated in patients with chronic kidney 

disease during 4.9 years.37 Combination ezetimibe/simvas-

tatin (10/40 mg) was shown to reduce ischemic events in 

the SEAS (Simvastatin and Ezetimibe in Aortic Stenosis) 

study, consistent with expectations for the degree of LDL-C 

lowering achieved in patients with less severe aortic steno-

sis.1,38,39 While the SEAS and SHARP studies suggest that the 

LDL-C reductions produced by ezetimibe/simvastatin yield 

similar major cardiovascular event reductions as would be 

seen with the same magnitude of LDL-C lowering produced 

by statin monotherapy,37–39 the incremental benefit of com-

bination ezetimibe and statin therapy compared with statin 

monotherapy is being addressed in the ongoing IMPROVE-

IT (Improved Reduction of Outcomes: Vytorin Efficacy 

International Trial).36
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Table 4 Multivariate models of percent change from baseline in lDl-c and the odds of goal attainment

Parameter Add ezetimibe versus  
titrate simvastatin

Add ezetimibe versus  
titrate atorvastatin

Add ezetimibe versus  
titrate rosuvastatin

Difference (95% ci)†  
% change from baseline

–13.1 
(–15.4, –10.8)

–14.8 
(–16.3, –13.4)

–14.4 
(–18.0, –10.7)

Odds (95% ci)‡ attainment FW  
lDl-c ,2.6 mmol/l (100 mg/dl)

2.8 
(2.1–3.6)

3.2 
(2.7–3.9)

2.6 
(1.8–3.8)

Odds (95% ci)‡ attainment FW 
lDl-c ,1.8 mmol/l (70 mg/dl)

2.9 
(2.2–3.8)

3.1 
(2.7–3.7)

2.5 
(1.8–3.4)

Notes: †Percent change from baseline in lDl-c was assessed by an analysis of covariance model adjusted for age, sex, baseline lDl-c, and baseline statin potency; ‡odds of 
attainment of lDl-c goals were assessed by logistic regression adjusted for age, sex, baseline goal attainment, and statin potency.
Abbreviations: CI, confidence interval; FW, follow-up; LDL-C, low-density lipoprotein cholesterol.
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