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BACKGROUND: For patients who have above-target low-density
lipoprotein cholesterol (LDL-C) levels while on statin monotherapy,
coadministration of a cholesterol absorption inhibitor with the statin
may decrease serum LDL-C levels and improve overall lipid profiles.
OBJECTIVES: To assess the effectiveness and safety of ezetimibe
10 mg/day coadministered with a statin in patients with primary
hypercholesterolemia who have higher than recommended LDL-C
levels while on statin monotherapy.
METHODS: A six-week, prospective, multicentre study of eligible
patients who had above-target LDL-C levels while on monotherapy
with any statin, regardless of dose, for a minimum of four weeks. All
patients were treated for six weeks with 10 mg ezetimibe daily coad-
ministered with their current statins.
RESULTS: A total of 1141 patients were screened, 953 (83.5%) ful-
filled the study inclusion criteria and 837 (87.8%) completed the
study. Reasons for withdrawal included: lost to follow-up (50 patients
[5.2%]); protocol violations (45 patients [4.7%]); adverse events
(19 patients [2.0%]); and withdrawal of consent (two patients
[0.2%]). After six weeks of treatment, statistically significant
(P=0.001) mean reductions were observed in LDL-C (30.05%), total
cholesterol  (20.84%), triglycerides (10.16%), apolipoprotein B
(19.84%) and the total cholesterol to high-density lipoprotein cho-
lesterol ratio (19.88%). At six weeks, 674 patients (80.5%) achieved
target LDL-C levels. Fifty predominantly mild, nonserious adverse
events related to ezetimibe were reported by 32 patients (3.4%).
Frequently reported adverse events included constipation (n=7 [0.7%
of patients]), diarrhea (n=4 [0.4%]) and dizziness (n=4 [0.4%]).
CONCLUSION: Ezetimibe coadministered with statins is effective
in reducing LDL-C in patients who do not attain target LDL-C levels
while on statin monotherapy.
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L’efficacité et la tolérabilité de 10 mg/jour
d’ézétimibe coadministrés avec des statines chez
des patients atteints d’hypercholestérolémie
primaire qui n’obtiennent pas le C-LDL cible
grâce à une monothérapie aux statines. Une
étude prospective canadienne multicentre.
L’étude sur l’EzetrolMD d’appoint

HISTORIQUE : Chez les patients dont les taux de cholestérol à
lipoprotéines de basse densité (C-LDL) demeurent trop élevés malgré une
monothérapie aux statines, la coadministration d’un inhibiteur de
l’absorption du cholestérol pourrait réduire les taux sériques de C-LDL et
améliorer le bilan lipidique global.
OBJECTIFS : Évaluer l’efficacité et l’innocuité de 10 mg/jour d’ézétémibe
coadministrés avec une statine chez des patients atteints
d’hypercholestérolémie primaire dont les taux de C-LDL sont plus élevés
que la normale malgré une monothérapie aux statines.
MÉTHODOLOGIE : Étude prospective canadienne multicentre de six
semaines auprès de patients admissibles aux taux de C-LDL supérieurs à la
normale malgré une monothérapie à une statine d’au moins quatre
semaines, quelle qu’en soit la dose. Tous les patients ont reçu un traitement
quotidien de 10 mg/jour d’ézétémibe pendant six semaines, coadministrés
avec leur statine habituelle.
RÉSULTATS : Un total de 1 141 patients ont subi un dépistage; 953
(83,5 %) respectaient les critères d’inclusion, et 837 (87,8 %) ont terminé
l’étude. Les raisons du retrait étaient la perte au suivi (50 patients [5,2 %]),
les violations au protocole (45 patients [4,7 %]), les événements
indésirables (19 patients [2,0 %]) et le retrait du consentement (2 patients
[0,2 %]). Au bout de six semaines de traitement, on a observé des
diminutions moyennes statistiquement significatives (p = 0,001) du C-LDL
(30,05 %), du cholestérol total (20,84 %), des triglycérides (10,16 %), de
l’apoliprotéine B (19,84 %) et du ratio entre le cholestérol total et le
cholestérol à lipoprotéines de haute densité (19,88 %). Après six semaines,
674 patients (80,5 %) avaient atteint les taux de C-LDL cibles. Trente-
deux patients (3,4 %) ont déclaré 50 événements indésirables plutôt
bénins et sans gravité, reliés à l’ézétimibe. Les plus fréquents étaient la
constipation (n = 7 [0,7 % des patients]), la diarrhée (n = 4 [0,4 %]) et les
étourdissements (n = 4 [0,4 %]).
CONCLUSION : L’ézétimibe coadministrée avec des statines réduit
efficacement le C-LDL chez les patients qui n’obtiennent pas les taux de
C-LDL cibles malgré une monothérapie aux statines.
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According to the 2003 Canadian guidelines for the manage-
ment of dyslipidemia and the prevention of cardiovascular

disease, the recommended low-density lipoprotein cholesterol
(LDL-C) target levels for patients at low, moderate and high esti-
mated 10-year risk for coronary artery disease (CAD) are less
than 4.5 mmol/L, less than 3.5 mmol/L and less than 2.5 mmol/L,
respectively (1). More recently, evidence generated from clinical
trials and epidemiological studies has suggested that for patients
at high risk for CAD, additional protective benefits may be asso-
ciated with an LDL-C level reduction to below 2.0 mmol/L (2-8).

Management of patients with dyslipidemia involves a combi-
nation of dietary modifications, exercise and drug therapy. The
current standard of pharmacological intervention for the reduc-
tion of LDL-C is first-line treatment with 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase inhibitors (statins) (1,9-12).
However, for a large number of patients, monotherapy with a
statin, even with increasing doses, may be ineffective in achiev-
ing target LDL-C levels (13-16), and these patients remain at
increased risk for CAD. Recently, combination therapy has
emerged as a potential solution to this treatment gap (17-29).

Ezetimibe is a cholesterol absorption inhibitor that prevents
the passage of dietary and biliary cholesterol across the intes-
tinal wall (30-40). This mechanism of action is complementary
to that of statins in the prevention of serum cholesterol accu-
mulation (41). Evidence generated in controlled clinical trials
has demonstrated that coadministration of ezetimibe with cur-
rently marketed statins is well tolerated and more effective in
reducing LDL-C levels and improving other lipid parameters
(total cholesterol [TC], high-density lipoprotein cholesterol
[HDL-C] and triglycerides [TGs]) than statin monotherapy
(17-27,40,42-48).

The clinical trials that evaluated the effectiveness of the
coadministration of ezetimibe and statins in managing dyslipi-
demia have been based on selected patient populations, and
many focused on specific statin regimens. In addition, these
trials did not differentiate between patients with significant
comorbidities, specifically, diabetes and the metabolic syn-
drome (49-51). Furthermore, generalization of the results from
controlled clinical trials to the target population and a real-life
setting is often difficult because of the highly selected sample
of patients and controlled treatment protocols used in these
studies. There is currently a need for studies that assess real-life
effectiveness and safety of lipid-lowering treatments.

The present study addressed these needs by using a prospec-
tive cohort design that simulated the real-life setting of family
practice in Canada. It was a Phase IV real-life trial conducted
on patients who were being treated for hyperlipidemia by
Canadian general practitioners. The purpose of the present
study was to assess the effectiveness and tolerability of a six-week
treatment with 10 mg ezetimibe daily coadministered with any
current statin regimen in patients with primary hypercholes-
terolemia who had difficulty achieving target LDL-C levels.
There were no limitations with respect to patient risk profiles,
or the type or dose of statin used. Subgroup analyses of patients
with diabetes and the metabolic syndrome (51) were per-
formed to assess the effectiveness of treatment in these clini-
cally important patient subgroups.

METHODS
Study design
The present study was a prospective, single-cohort, open-label
study. All potentially eligible patients signed an informed consent

form before performing any study procedure, including all eligibil-
ity assessments. The study was approved by two independent
ethics review boards (Institutional Review Board Services,
Aurora, Ontario, and the College of Physicians and Surgeons of
Alberta, Edmonton). All study assessments were conducted at the
treating physician’s office.

During the screening visit, study patients were assessed for eligi-
bility and underwent reviews of medical history and diet, as well as a
brief physical examination. Information on the statin used, includ-
ing daily dose and duration of treatment, was recorded, and each
patient’s 10-year risk for CAD was estimated. Patients with con-
firmed diabetes or cardiovascular disease were automatically classi-
fied into the high-risk (20% or greater) category (1). For all other
patients, the Framingham model was used to classify patients into
three risk categories: high (20% or greater), moderate (11% to 19%)
or low (10% or less) (1,52,53). Blood was drawn at local facilities
within two weeks of the screening visit for assessment of patient
lipid profiles. Specifically, LDL-C, TC, TG and HDL-C levels were
measured. Apolipoprotein B (apo B) was assessed in a subgroup of
approximately 60% of patients, based on the availability of the
test across Canada. When TG levels were greater than or equal
to 3.99 mmol/L, LDL-C levels were determined by ultracentrifuga-
tion, and when TG levels were less than 3.99 mmol/L, the
Friedewald equation was used (54,55). Patients who had higher than
the recommended target LDL-C levels and continued to be eligible
for inclusion in the study were invited to return for the baseline visit.

During the baseline visit, which took place within two weeks
of the screening visit, the study medication was dispensed, and the
follow-up blood draw and final assessment visits were arranged.
The final study visit took place six weeks (± four days) after the
baseline visit. Blood draw for the final assessment of lipid profile
took place no more than three days before the final visit. During
the final study visit, patients underwent a brief physical examina-
tion, which included vital sign measurements, along with reviews
of concomitant medication use and dietary changes. The assess-
ment of compliance with treatment was ascertained by the num-
ber of missed doses of study medication, as reported by the patient.
Details regarding all adverse events occurring during the study
were also recorded at the final assessment. Study physicians were
instructed to follow their patients for a safety assessment approxi-
mately 14 days after the last dose of ezetimibe. Any adverse events
that occurred during this two-week period were recorded.

Study sample
The 221 participating physician investigators were selected from
a stratified random sample of Canadian general practitioners
representative of the Canadian population. Physicians from all
10 Canadian provinces were invited to participate; however, no
patients were enrolled from Prince Edward Island.

Eligibility criteria
The following inclusion criteria were applied to potentially eligi-
ble patients: age of at least 18 years; confirmed diagnosis of hyper-
cholesterolemia and elevated plasma LDL-C levels (2.5 mmol/L or
higher for patients at high 10-year CAD risk, 3.5 mmol/L or
higher for moderate-risk patients and 4.5 mmol/L or higher for
low-risk patients); stable diet and statin regimen for at least four
weeks before study entry and for the duration of the study; and
use of an effective method of contraception by women of child-
bearing potential, beginning at least seven days before the study
and continuing for at least 14 days after study completion or
discontinuation.

bissonnette_9734.qxd  9/25/2006  9:47 AM  Page 1036



Patients were excluded from the study based on the following
criteria: presence of any condition, including poor mental func-
tion, substance abuse, unstable psychiatric illness, or pregnancy or
lactation, which, in the opinion of the investigator, would render
the patient unable to complete the study, or would produce signif-
icant risk or not be in the best interest of the patient; treatment
with any other investigational drug within 30 days before study
entry; diagnosis with, or history of, any illness that would increase
risk to the patient, including congestive heart failure of New York
Heart Association class III or IV, uncontrolled cardiac arrhythmias
or hypertension (systolic blood pressure greater than 180 mmHg
and/or diastolic blood pressure greater than 110 mmHg), myocar-
dial infarction, coronary bypass surgery or angioplasty with or
without stent use within the past three months, unstable angina
pectoris or unstable/severe peripheral vascular disease, uncon-
trolled endocrine or metabolic disease known to influence serum
lipids or lipoproteins (including poorly controlled type 1 or type 2
diabetes mellitus [glycated hemoglobin concentration greater than
9.0%], creatinine level greater than 177 µmol/L or active renal
disease with significant proteinuria [more than 1 mg albumin per
1 mg creatinine]), active acute or chronic hepatobiliary disease,
levels of aspartate aminotransferase, alanine aminotransferase or
creatine kinase more than twice the upper limit of normal, or a
positive HIV serostatus; concomitant use, during a period of
eight weeks or less before enrolment in the study, of any medica-
tions that may have interacted with statins or ezetimibe, or affected
serum lipid levels (including therapeutic doses of corticosteroids,
antifungal azoles, macrolide antibiotics, nefazodone and protease
inhibitors, amiodarone, verapamil and cyclosporine). Patients
using fibrates within eight weeks before study entry were also
excluded.

Patients treated with cardiovascular medications were included
in the study if they were on a stable medication regimen for at
least four weeks before study entry and remained on the same reg-
imen for the duration of the study. Allowed cardiovascular med-
ications included beta-blockers, calcium channel blockers,
angiotensin-converting enzyme inhibitors, nitrates, alpha-
adrenergic blockers, thiazide diuretics, clopidogrel and anticoag-
ulants (ie, warfarin). Estrogen replacement therapy in women was
allowed if a stable dose had been taken for at least four weeks
before screening and was unlikely to change during the study.
Patients receiving bile salt-binding resins, other lipid-lowering
medications, including niacin and probucol, or regular mainte-
nance doses of psyllium were also eligible for inclusion in the
study if they had been on a stable dose for at least six weeks before
the study screening visit and the dose remained stable during the
trial. Patients were instructed to take ezetimibe at least two hours
before or four hours after administration of bile salt-binding
resins.

Treatment
All patients were treated with 10 mg ezetimibe (Ezetrol, Merck
Frosst/Schering Pharmaceuticals, Canada) per day, coadminis-
tered with their current statins at a unaltered dose for a period of
six weeks. Patients were instructed not to change their diets dur-
ing the study. There were no limitations on the type or dose of
statin being used.

Outcome measures
The primary efficacy outcome measure was the percentage of
change in LDL-C during the six-week treatment period, which
was calculated as follows: 

Secondary measures of efficacy were the percentage of patients
who had achieved the recommended target LDL-C level at the
end of the six-week treatment period, and the percentages of
change in TC, TGs, HDL-C, apo B and the TC/HDL-C ratio.

Safety and tolerability
Safety was assessed by the incidence of treatment-related adverse
events, as reported by the patient during the final study visit. The
investigators were also asked to report, as adverse events, any clin-
ically important changes in laboratory test values. However, labo-
ratory tests for the detection of adverse events were not required as
part of the study protocol. Testing may have been conducted by
the treating investigators if, according to their clinical judgment
and routine practice, it was necessary for the management of the
patient. Investigators were instructed to report any adverse events
that occurred during the six-week study period and to follow up
with their patients for safety for an additional 14 days after the last
dose of ezetimibe. Study investigators graded the severity of
adverse events as mild, moderate or severe on the basis of infor-
mation provided by the patient. The status of a causal relationship
between an adverse event and the study drug was determined by
the treating physician. Adverse events were coded and reported
according to terminology in the Medical Dictionary for
Regulatory Activities (56).

Statistical methods
Statistical significance of the primary and secondary efficacy out-
come measures, specifically, the change in lipid parameters between
the final and the baseline visits, was assessed using Student’s t test
for paired samples. The rate of achieving target LDL-C levels was
analyzed as the proportion of patients achieving the recommended
target after six weeks of treatment. In accordance with the intent-
to-treat principle, all study patients who completed the six-week
visit assessment, regardless of compliance with the study protocol,
were included in the efficacy analyses. However, patients who were
lost to follow-up and did not return for the six-week assessment
could not be included in the efficacy analyses. No replacement of
missing data was used. All subjects who received at least one dose of
ezetimibe, including those who were withdrawn due to an adverse
event or any other reason, were included in the safety analyses.

The following four patient subgroups were analyzed: patients
with diabetes but without the metabolic syndrome; patients with
the metabolic syndrome but without diabetes; patients with both
diabetes and the metabolic syndrome; and patients with neither
diabetes nor the metabolic syndrome. The presence of diabetes
was determined by review of a patient’s medical history. The meta-
bolic syndrome was defined according to the American Heart
Association (51) criteria published at the time of the study as the
presence of three or more of the following: abdominal obesity
(waist circumference of greater than 102 cm in men and greater
than 88 cm in women); elevated TG levels (1.7 mmol/L or greater);
high serum glucose (6.2 mmol/L or greater), low serum HDL-C lev-
els (less than 1.0 mmol/L in men and less than 1.3 mmol/L in
women); and high blood pressure (blood pressure greater than
130/85 mmHg).

RESULTS
A total of 1141 patients were screened, 953 (83.5%) of whom
fulfilled the study inclusion criteria and were enrolled in the
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study. Of these, 837 (87.8%) completed the six-week follow-up.
One hundred sixteen patients were discontinued from the
study and did not complete the six-week follow up assessments.
These included 50 patients (5.2%) who were lost to follow-up,
45 (4.7%) who were withdrawn by the investigators because of
a changed or stopped statin treatment, 19 (2.0%) who were
withdrawn due to adverse events and two (0.2%) who with-
drew consent before initiation of treatment.

Table 1 summarizes the demographics of the study sample.
The mean ± SD age of the study population was 62±10.5 years,
with a range of 21 to 89 years, and 62.5% were men. With
respect to the 10-year risk for CAD, the majority, or 777 sub-
jects (92.8%), were in the high-risk category. Of these, 64
(8.2%) were classified in the high-risk group on the basis of the
Framingham model and 713 (91.8%) on the basis of confirmed
diabetes or cardiovascular disease. There were 40 (4.8%) and
20 (2.4%) subjects in the moderate- and low-risk categories,
respectively.

With respect to related comorbidities, the most frequently
reported was hypertension (51.6%), while 358 subjects
(42.8%) had type 2 diabetes mellitus, 408 (48.7%) had the
metabolic syndrome (51), and 244 (29.2%) had both diabetes
mellitus and the metabolic syndrome. There were 388 patients
(46.3%) with CAD and 504 (60.2%) who had a known family
history of cardiovascular disease.

The data summarized in Table 2 show that more than one-
half (50.5%) of the study subjects were taking atorvastatin, fol-
lowed by simvastatin (20.0%), rosuvastatin (14.2%) and
pravastatin (12.3%). Before enrolment in the study, 330 patients
(39.4%) were treated with a moderate or high statin dose,
defined as 40 mg/day or 80 mg/day, depending on the statin.

The data in Table 3 summarize the lipid profile parameters
of the study subjects at baseline and at the six-week visit.
These results show that, with the exception of HDL-C levels,
statistically significant (P=0.001) mean per cent reductions
were observed among all lipid profile parameters. More specif-
ically, in the study sample as a whole, LDL-C levels were
reduced by 30.1%, TC levels by 20.8%, TG levels by 10.2%
and TC/HDL-C ratios by 19.9%; HDL-C levels remained
unchanged. Apo B concentration was measured in a subgroup
of 506 of the 837 patients (60.5%) who completed the study.
Among these patients, the mean per cent reduction in apo B
concentration was 19.84% (P=0.001). The subgroup analyses
summarized in Table 3 showed similar and consistent results in
all subject subgroups with statistically significant reductions in
all lipid parameters, excluding HDL-C levels.

The results in Figure 1 show that at baseline, the mean
serum LDL-C level in the study sample was 3.43 mmol/L,
with a 95% CI between 3.37 mmol/L and 3.48 mmol/L. At
the six-week assessment, the mean serum LDL-C level was
reduced to 2.38 mmol/L, with a 95% CI between 2.32 mmol/L
and 2.44 mmol/L.

After six weeks of treatment with ezetimibe, 674 patients
(80.5%) who completed the study had achieved LDL-C levels
below the recommended target (Table 4). The subgroup of sub-
jects who had diabetes but not the metabolic syndrome had
the highest rate of achieving target LDL-C at the end of treat-
ment (90%), while the lowest rate was observed in subjects with
the metabolic syndrome but not diabetes (66%) (Figure 2).
Compared with those who had reached target LDL-C levels at
six weeks, 163 patients who did not reach the recommended
target had significantly higher mean LDL-C levels at baseline
(4.03 mmol/L versus 3.28 mmol/L; P=0.001). In addition, the
proportion of patients treated with a moderate- to high-dose
statin (40 mg/day to 80 mg/day) was significantly higher
among the 163 patients with above-target LDL-C levels at
six weeks than among those patients with below-target levels
(52.8% versus 38.7%; P=0.005). Among these patients, a statis-
tically significant mean per cent reduction in LDL-C level of
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TABLE 1
Baseline and demographic characteristics of patients

Characteristics

Mean age ± SD (range) 62±10.5 (21–89)

Age in years, n (%)

≤45 45 (5.4)

46–64 455 (54.4)

65–74 245 (29.3)

≥75 89 (10.6)

Sex, n (%)

Male 523 (62.5)

Female 313 (37.4)

10-year coronary artery disease risk, n (%)

Mild (≤10%) 20 (2.4)

Moderate (11% – 19%) 40 (4.8)

High (≥20%) 777 (92.8)

Comorbidity and risk factor profile

Smoking status, n (%)

Current smoker 191 (22.8)

Past smoker 268 (32.0)

Nonsmoker 375 (44.8)

Hypertension, n (%) 432 (51.6)

Diabetes mellitus (type 2), n (%) 358 (42.8)

The metabolic syndrome, n (%) 408 (48.7)

Diabetes mellitus and the metabolic syndrome, n (%) 244 (29.2)

Coronary artery disease, n (%) 388 (46.3)

Cerebrovascular disease, n (%) 75 (9.0)

Peripheral vascular disease, n (%) 78 (9.3)

Chronic kidney disease, n (%) 15 (1.8)

Family history of cardiovascular disease, n (%) 504 (60.2)

Menopausal status, n (%) (n=313)

Premenopause 22 (7.0)

Menopause 291 (93.0)

Use of hormone replacement therapy 54 (17.3)

TABLE 2
Statin therapy at baseline (n=837)

Total daily statin dose, n (%)

Statin Patients, n (%) 10 mg 20 mg 40 mg 80 mg

Atorvastatin 423 (50.5) 105 (12.5) 154 (18.4) 117 (14.0) 41 (4.9)

Simvastatin 167 (20.0) 20 (2.4) 58 (6.9) 67 (8.0) 14 (1.7)

Rosuvastatin 119 (14.2) 62 (7.3) 38 (4.5) 17 (2.0) 0

Pravastatin 103 (12.3) 6 (0.7) 39 (4.7) 56 (6.7) 2 (0.2)*

Lovastatin 27 (3.2) 3 (0.4) 12 (1.4) 12 (1.4) 0

Fluvastatin 9 (1.1) 0 5 (0.6) 4 (0.5) 0

Total 195 (23.3) 305 (36.4) 273 (32.6) 57 (6.8)

Four subjects had missing data regarding their statin use; 21 patients reported
taking more than one statin; one subject reported taking 15 mg/day of atorvas-
tatin; six subjects reported taking 30 mg/day of a statin; nine subjects reported
taking 60 mg/day of a statin. *Both subjects reported taking 80 mg/day of
pravastatin even though the recommended maximum dose is 40 mg/day
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12.47% (P=0.001) was observed. The baseline CAD risk classifi-
cation distribution was similar among the 674 patients who had
below-target LDL-C levels and the 163 who had above-target
LDL-C levels at six weeks (Table 4). However, this is expected,
given that the vast majority of the patients in the study sample
were in the high CAD risk category.

Of the 837 patients who completed the six-week study eval-
uation, 680 (81.2%) had reported not missing any doses of the
study medication. Among the 157 patients (18.8%) who
reported missing more than one dose, the median number of
doses missed was 2.0, with a mean of 3.8 (95% CI 3.12 to 4.52)
and a range of between one and 40 doses missed. Overall, 820 of
the 837 patients (98%) reported that they took 80% or more of
the required ezetimibe and statin doses during the study period.

Table 5 summarizes the results of the safety analyses. A total
of 111 nonserious adverse events (NSAEs) were reported by
78 of the 953 patients (8.2%) included in the safety analyses.
Of these, 50 events reported by 32 patients (3.4%) were

Ezetimibe with statins in persistent hyperlipidemia
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TABLE 3
Baseline and six-week lipid profile

Patient subgroup Baseline mean ± SD Six-week mean ± SD % Change mean ± SD P*

All patients (n=837)

Low-density lipoprotein cholesterol, mmol/L 3.43±0.85 2.38±0.87 –30.05±18.40 0.001

Total cholesterol, mmol/L 5.55±1.00 4.36±1.01 –20.84±14.06 0.001

HDL-C, mmol/L 1.22±0.31 1.21±0.30 –0.08±13.20 0.856

Triglycerides, mmol/L 2.06±1.28 1.73±0.93 –10.16±29.25 0.001

Apolipoprotein B, g/L (n=506) 1.17±0.41 0.92±0.27 –19.84±18.13 0.001

Total cholesterol/HDL-C ratio 4.76±1.33 3.75±1.08 –19.88±15.45 0.001

Diabetes, but no metabolic syndrome (n=114)

Low-density lipoprotein cholesterol, mmol/L 3.19±0.56 2.20±0.64 –30.24±20.00 0.001

Total cholesterol, mmol/L 5.28±0.69 4.17±0.83 –20.58±14.33 0.001

HDL-C, mmol/L 1.36±0.31 1.33±0.31 –1.91±10.72 0.059

Triglycerides, mmol/L 1.65±0.82 1.44±0.64 –6.78±30.31 0.019

Apolipoprotein B, g/L (n=68) 1.10±0.34 0.88±0.25 –16.62±23.76 0.001

Total cholesterol/HDL-C ratio 4.04±0.86 3.24±0.69 –18.61±14.42 0.001

Metabolic syndrome, but no diabetes (n=164)

Low-density lipoprotein cholesterol, mmol/L 3.62±1.01 2.59±1.00 –27.71±18.95 0.001

Total cholesterol, mmol/L 5.79±1.12 4.64±1.18 –19.42±15.87 0.001

HDL-C, mmol/L 1.07±0.25 1.08±0.22 2.00±14.37 0.076

Triglycerides, mmol/L 2.62±1.19 2.14±0.97 –14.84±26.88 0.001

Apolipoprotein B, g/L (n=102) 1.32±0.72 0.99±0.32 –20.32±17.81 0.001

Total cholesterol/HDL-C ratio 5.64±1.57 4.44±1.30 –19.87±17.86 0.001

Metabolic syndrome and diabetes (n=244)

Low-density lipoprotein cholesterol, mmol/L 3.30±0.64 2.15±0.68 –33.80±20.14 0.001

Total cholesterol, mmol/L 5.49±0.84 4.18±0.88 –23.18±15.33 0.001

HDL-C, mmol/L 1.16±0.26 1.15±0.27 –0.14±13.68 0.878

Triglycerides, mmol/L 2.27±1.01 1.93±1.00 –12.18±29.68 0.001

Apolipoprotein B, g/L (n=148) 1.13±0.21 0.88±0.23 –22.94±19.00 0.001

Total cholesterol/HDL-C ratio 4.89±1.08 3.76±0.98 –22.06±16.96 0.001

Neither metabolic syndrome nor diabetes (n=315)

Low-density lipoprotein cholesterol, mmol/L 3.51±0.96 2.51±0.94 –28.29±15.53 0.001

Total cholesterol, mmol/L 5.57±1.11 4.44±1.04 –19.86±11.54 0.001

HDL-C, mmol/L 1.30±0.32 1.29±0.33 –0.47±12.92 0.522

Triglycerides, mmol/L 1.74±1.49 1.47±0.81 –7.38±29.39 0.001

Apolipoprotein B, g/L (n=188) 1.14±0.29 0.92±0.25 –18.30±14.70 0.001

Total cholesterol/HDL-C ratio 4.47±1.25 3.58±0.96 –18.64±12.89 0.001

* P value based on Student’s t test for paired observations. HDL-C High-density lipoprotein cholesterol

Figure 1) Low-density lipoprotein cholesterol at baseline and six
weeks of treatment (all patients)
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attributed to ezetimibe by the treating physician. The severity of
the 50 NSAEs causally associated with ezetimibe was mild for
43 events (86%) reported by 27 patients (2.8%) and moderate
for seven events (14%) reported by five patients (0.5%). No
severe adverse events were reported that were attributed to eze-
timibe. The most frequently reported NSAEs attributed to eze-
timibe were constipation (0.7% of patients), diarrhea (0.4%),
dizziness (0.4%), flatulence (0.3%), myalgia (0.3%) and
headache (0.3%). Less frequently reported NSAEs were dyspep-
sia (0.2%), nausea (0.2%), fatigue (0.2%) and arthralgia (0.2%).
No clinically important laboratory findings or serious adverse
events were reported that were attributed to ezetimibe.

DISCUSSION
There is evidence in the literature that a significant proportion of
patients with hypercholesterolemia do not achieve target LDL-C
levels with statin monotherapy (13-16). This may be explained
by the fact that statins only inhibit cholesterol production in the
liver, but have no effect on intestinal absorption of dietary cho-
lesterol. Other factors that may explain the lower observed

effectiveness of statin monotherapy include low tolerability of
statins (especially at higher doses), suboptimal patient compli-
ance with treatment regimens, inadequate follow-up frequency,
and resistance on the part of physicians and patients to the use of
higher doses of medications (13-16). Empirical evidence has
shown that increasing the statin dose produces only marginal
decreases in LDL-C levels (57-59); however, the risk for adverse
reactions increases with higher statin doses (17,19-21,58). As a
result, health care providers are faced with the challenge of effec-
tively managing patients with persistent hyperlipidemia, while
the recommended LDL-C targets are lowered further.
Combination therapy of ezetimibe and a statin may provide a
solution by targeting the two possible sources of serum choles-
terol, specifically, by inhibition of the production of cholesterol
in the liver, and by prevention of the absorption of dietary and
biliary cholesterol in the intestine (41).

The effectiveness of ezetimibe, administered alone or in
combination with a statin, in improving patient lipid pro-
files and, more specifically, reducing serum LDL-C levels has
been supported by the results of controlled clinical trials
(17-27,31,32,34,42-47). Ballantyne et al (17) reported a signif-
icantly higher reduction in LDL-C levels and improvement in
lipid profile parameters in patients treated with ezetimibe coad-
ministered with atorvastatin than in patients treated with ator-
vastatin alone (17,18). Similar results were reported when
ezetimibe was coadministered with lovastatin or simvastatin
(18-22,24,25,27,42-44,46). The results of pooled analyses
assessing the coadministration of ezetimibe with different
statins showed evidence of significant reductions in levels of
LDL-C, TC and TGs (20,42,46,60). Gaudiani et al (21)
reported a 20.8% reduction in LDL-C levels in diabetic
patients treated with ezetimibe added to simvastatin 20 mg/day.
In the same study, patients treated with double their existing
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TABLE 4
Comparison of subjects below and above target low-
density lipoprotein cholesterol (LDL-C) levels at six weeks

Patient group

Below target Above target
LDL-C (n=674) LDL-C (n=163) P

LDL-C, mmol/L (mean ± SD)

Baseline 3.28±0.70 4.03±1.12 0.001*

Six weeks 2.13±0.57 3.46±1.07 0.001*

Change in LDL-C, % (mean ± SD)

Baseline to six weeks –34.10±15.86 –12.47±18.39 0.001*

P 0.001† 0.001†

Statin dose at baseline, n (%)

10 mg/day 168 (24.9) 28 (17.2) 0.005‡

20 mg/day 253 (37.5) 52 (31.9)

40 mg/day – 80 mg/day 261 (38.7) 86 (52.8)

10-year coronary artery disease risk, n (%)

Low 623 (92.4) 154 (94.5) 0.825‡

Moderate 34 (5.0) 6 (3.7)

High 17 (2.5) 3 (1.8)

*P value based on Student’s t test for independent groups; †P value based on
Student’s t test for paired comparisons; ‡P value based on χ2 test

TABLE 5
Treatment-emergent adverse events (n=953)

Adverse events Events, n Patients, n (%)

Total

Serious adverse events 0 0

Nonserious adverse events 111 78 (8.2)

Causality in relation to ezetimibe

Definitely not or probably not due to ezetimibe 61 53 (5.6)

Probably or definitely due to ezetimibe 50 32 (3.4)

Severity of events associated with ezetimibe

Mild 43 27 (2.8)

Moderate 7 5 (0.5)

Severe 0 0

Most frequently reported (≥0.2%)*

Constipation 7 7 (0.7)

Diarrhea 4 4 (0.4)

Dizziness 6 4 (0.4)

Flatulence 3 3 (0.3)

Myalgia 3 3 (0.3)

Headache 3 3 (0.3)

Dyspepsia 2 2 (0.2)

Nausea 2 2 (0.2)

Fatigue 2 2 (0.2)

Arthralgia 2 2 (0.2)

*Only events associated with ezetimibe, as per the investigator’s assessment,
are presented

n=674
(81%)

n=163
(19%)

n=56
(34%)

n=103
(90%)

n=11
(10%)
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Figure 2) Numbers and proportions of patients below the target low-
density lipoprotein cholesterol level at six weeks. DM Diabetes mellitus;
MS Metabolic syndrome
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statin dose experienced only a nonsignificant 0.3% reduction in
LDL-C levels. Gagne et al (20) reported that patients with
homozygous familial hypercholesterolemia who were treated
with ezetimibe coadministered with atorvastatin or simvastatin
had a significantly higher mean per cent reduction in LDL-C
level than when treated with the statins alone. A large,
community-based, double-blinded, randomized clinical trial
conducted by 303 physicians in a diverse sample of 3030 patients
randomly assigned in a 2:1 ratio of ezetimibe or placebo in addi-
tion to their current statin was reported (61,62). The patients
enrolled in the study had elevated LDL-C levels while on statin
monotherapy; after six weeks of treatment, the mean LDL-C
level reduction was 25.8% in the ezetimibe-treated patients and
2.7% in the placebo-treated patients (P<0.001). In the same
study, 71% of patients treated with ezetimibe had LDL-C levels
below the recommended target compared with 20.6% in the
placebo group (P<0.001) (61,62).

Our study was conducted in patients with primary hyper-
lipidemia who had LDL-C levels higher than the target levels
recommended by the 2003 Canadian guidelines for the man-
agement of hyperlipidemia (1). The study emulated a real-life
setting by not imposing limitations on the statin regimen used
(other than that it could not be modified during the six-week
study follow-up period), administering ezetimibe treatment
according to the product monograph and instructing physi-
cians to adhere to their routine care for the management of
their patients. Generalization of our study results to the real-
life setting is further supported by the fact that minimal limita-
tions were imposed on the selection of subjects for the study
and that patients were included in the analysis regardless of
compliance with treatment. In the present study sample, the
demographic profile and distribution of statin used was similar
to that reported in other Canadian studies (13,63,64), con-
firming that our study sample is representative of the Canadian
dyslipidemic population. The results of the present study are in
agreement with those reported in literature and provide further
evidence in support of combination therapy with ezetimibe
and a statin for the management of hypercholesterolemia in
patients who fail to achieve target LDL-C levels on statin
monotherapy. In the present study, we observed a higher mean
LDL-C level reduction than that reported in other studies;
however, our results are similar to those reported in the
community-based study previously discussed (61,62). Possible
explanations for the higher change in LDL-C levels in our
study sample include fewer restrictions on patient selection
and high compliance with treatment.

In the present study sample, the 95% CI of the mean serum
LDL-C levels was between 3.37 mmol/L and 3.48 mmol/L at
baseline, or before the addition of ezetimibe to the treatment
regimen. This is not different from the recommended target
level for patients with moderate CAD risk of 3.5 mmol/L, and it
is significantly higher than the 2.5 mmol/L target for patients at
high risk for CAD (1). After six weeks of treatment with eze-
timibe, the 95% CI of the mean serum LDL-C levels of the study
sample was between 2.32 mmol/L and 2.44 mmol/L. For the lat-
ter point estimate, the 99% CI was between 2.30 mmol/L and
2.46 mmol/L. The upper 95% and 99% CI values of the mean
LDL-C level estimate at six weeks was below the 2.5 mmol/L
target for high-risk patients. This is an important observation
because inference to a comparable, predominantly high CAD
risk population that is above target LDL-C levels while on statin
monotherapy shows that 99% of the time, the addition of

ezetimibe to a statin regimen reduces mean serum LDL-C levels
to below the recommended target levels.

In addition to the significant reductions in LDL-C levels,
significant reductions in levels of TC, TGs, apo B and
TC/HDL-C ratios were observed in the study sample.
Therefore, for this patient population, overall lipid profiles
were improved and CAD risk was effectively reduced. An
important observation in the present study was the consistent
improvement in the lipid profiles of the subgroups of patients
with diabetes and/or the metabolic syndrome. These are clini-
cally important patient populations that are at increased risk
for CAD, and require aggressive and effective treatment of
hypercholesterolemia.

Within six weeks of treatment, the majority of patients in
the study (81%) had serum LDL-C levels below the recom-
mended target. Although patients who did not achieve target
LDL-C levels experienced statistically significant reductions of
this parameter, they had significantly higher baseline LDL-C
levels and were more likely to have been treated with higher
statin doses. These results suggest that these patients had more
resilient dyslipidemia than patients who had below-target
LDL-C levels after six weeks of treatment.

An important consideration of our study is the risk profiles
of the participating patients. The vast majority of patients were
at high (20% or greater) 10-year risk for CAD, and 43% and
49% had diabetes and the metabolic syndrome, respectively. In
addition, all patients enrolled in the study had serum LDL-C
levels higher than the recommended targets despite treatment
with a statin. Approximately 39% of these patients did not
achieve target LDL-C levels, despite treatment with a moder-
ate to high statin dose. Among these patients, further
increases in the dose of the statin may not have been feasible
or tolerated.

The results of the present study have important implica-
tions for management of patients who are at increased CAD
risk and have LDL-C levels persistently higher than the rec-
ommended target levels. Epidemiological studies have pro-
duced strong evidence showing that, for a significant
proportion of patients, monotherapy with statins is not always
effective in achieving reductions of LDL-C levels to recom-
mended target levels. Furthermore, increasing the statin dose
in these patients would be relatively ineffective in achieving
target LDL-C levels. According to the ‘rule of six’, for every
doubling of statin dose, the LDL-C level is reduced by an aver-
age of 6% (57-59). Therefore, for a large percentage of these
patients, statin monotherapy, even at the highest doses, would
not be effective in reaching recommended target LDL-C lev-
els. This observed treatment gap is further accentuated by the
reduced tolerability of higher statin doses. Other add-on treat-
ments, such as resins, are available. The data in the literature
show that resins produce maximum reductions in LDL-C lev-
els of 10% to 20%. However, because of the formulation and
the mechanism of action of the resins, they have been associ-
ated with an increased rate of gastrointestinal effects and inter-
ference with the absorption of other drugs (65-67).

Ezetimibe coadministered with a statin was well tolerated in
the present study. The profile and incidence of adverse events
observed were comparable with those reported in controlled
clinical trials, with a low incidence of adverse events, which
were predominantly mild in severity (48). In the present study,
laboratory tests for the detection of adverse events were not
required as part of the study protocol. Physicians could, however,
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perform any test that, according to their clinical judgment, was
necessary for patient management. Although this approach may
potentially lead to under-reporting of clinically important
changes in laboratory values, it closer emulates the real-life set-
ting in which physicians conduct laboratory tests only when
clinically indicated. There were no laboratory abnormalities
reported. Also of importance is the fact that, in the present
study, there were no reports of rhabdomyopathy, gallbladder or
liver-related events, including clinically significant elevated
aspartate aminotransferase, alanine aminotransferase or creatine
phosphokinase levels, which are often of concern in patients
being treated for hyperlipidemia with statins alone or combina-
tion therapy.

The potential limitations of the present study are related to
the single-cohort design and, therefore, lack of a comparator or
control group. However, the intent of the study was to assess
the effect of adding ezetimibe to an existing statin regimen in
patients who had LDL-C levels above the recommended tar-
gets while on statin monotherapy. By comparing the change in
lipid profiles from baseline, the study effectively addressed the
question of whether the addition of ezetimibe among these
patients produced incremental benefits with respect to LDL-C
level reduction, lipid profile improvement and achievement of
target LDL-C levels. Therefore, the results of the present study
are applicable to patients who maintain LDL-C levels above
target values while on statin monotherapy, and should not be
interpreted as comparing ezetimibe and statin combination
therapy with other alternatives.

The strengths of the present study include the emulation of
the real-life setting achieved by design features that were out-
lined earlier. In addition, the study sample size was large
enough to conduct analyses in clinically important patient
subgroups, as well as to provide sufficient statistical power to
produce precise estimates of effectiveness and safety that allow
valid inference to the target populations.

CONCLUSION
This prospective, single-cohort, open-label study showed that
therapy with ezetimibe coadministered with a statin is effec-
tive in reducing LDL-C levels, improving the overall lipid
profile and achieving target LDL-C levels among patients
who have remained above the target LDL-C level while on
monotherapy with a statin. Coadministration of ezetimibe
with an existing statin is also effective in improving the
serum lipid profile in subgroups of patients with hyperlipi-
demia who also have diabetes and/or the metabolic syn-
drome. The safety analyses showed that ezetimibe taken in
combination with any statin at a wide range of doses is well
tolerated and safe. The results of the present study further
support the use of ezetimibe in combination with a statin as a
safe and effective treatment choice for the management of
persistent hyperlipidemia.
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