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part of
‘Pending large prospective clinical 
outcome trials, surrogate measures 

for identifying atheroscelerotic 
progression are often used to 

assess the risk of future 
cardiovascular events.’
Given the close relationship between serum cho-
lesterol and cardiovascular risk, it is unsurprising
that lipid-lowering therapy has been shown to
markedly reduce cardiovascular events in various
studies of diverse populations at cardiovascular risk
[1–3]. There is up to a 19% reduction in cardio-
vascular events for every 1.0-mmol reduction in
the level of low-density-lipoprotein cholesterol
(LDL-C) [4]. Studies with coronary angiography
and intravascular ultrasound have even shown
regression in atherosclerotic plaque burden after
intensive lipid-lowering strategies – for example,
with statins [5]. 

Nonetheless, does ‘the lower the better’ apply
in our approach to lipid lowering? This is partic-
ularly relevant given the availability of drugs,
such as niacin or ezetimibe, that act synergisti-
cally with the HMG CoA inhibitors (statins) in
further reducing lipid levels. For example,
ezetimibe is a relatively new class of lipid-lower-
ing agent that reduces the absorption of choles-
terol by inhibiting the NPC1L1 receptors in the
gut wall. There is greater reduction in LDL-C
and improved high-density-lipoprotein choles-
terol (HDL-C) concentrations when ezetimibe is
used in combination with statins [6,7]. 

Pending large prospective clinical outcome tri-
als, surrogate measures for identifying athero-
scelerotic progression are often used to assess the
risk of future cardiovascular events. Carotid
intima-media thickness (CIMT), measured
using B-mode ultrasonic imaging, has been pro-
posed as a useful marker in the assessment of dis-
ease progression [8,9]. An annual increase in
CIMT of 0.33 mm predicts a threefold increased
risk of future coronary events [8]. 

Thus, CIMT has often been used as a surrogate
index in lipid-lowering studies. For example,
more potent high-dose statins achieve greater
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improvements in CIMT measurements [10]. In the
ARBITER-2 trial, mean CIMT after 1 year of
therapy increased significantly in statin-treated
patients who were randomized to add-on treat-
ment with placebo, but no change was seen with
‘add-on’ niacin (p = 0.23), although the difference
between these rates was not statistically significant
(p = 0.08) [11]. Cardiovascular events occurred in
3.8% of patients receiving niacin and in 9.6% of
placebo subjects (p = 0.20). More recently, torce-
trapib (a new class of lipid-modulating drugs that
act as inhibitors of cholesterol ester transfer pro-
tein) in combination with atorvastatin was com-
pared with atorvastatin monotherapy in patients
with heterozygous familial hypercholesterolemia
(RADIANCE-1 [12]) and mixed hyperlipidemia
(RADIANCE-2 [13]), but despite a significant
reduction in LDL-C and increase in HDL levels
in the torcetrapib-treated group, there was no
reduction in the progression of atherosclerosis as
measured by CIMT compared with monotherapy
with statins. 

Ezetimibe has also been tested in this manner,
and the recent Ezetimibe and Simvastatin in
Hypercholesterolemia Enhances Atherosce-
lerotic Regression (ENHANCE) trial [14] gener-
ated considerable debate amongst the medical
community, as well as great public and media
interest. The primary aim of the study was to
assess the progression of atherosclerosis using
CIMT in patients with familial hypercholestero-
lemia treated with high-dose simvastatin
(80 mg), who were then randomized to ezetimibe
10 mg or placebo. The combination therapy arm
had a greater reduction in LDL-C levels (16.5%
group difference), triglycerides (6.5% group dif-
ference) and C-reactive protein (30% group dif-
ference) compared with monotherapy with
statins, but, despite this, there were no significant
changes in the CIMT measurements over the
2-year follow-up period. 

This raises the question of whether combina-
tion therapy is still an effective strategy in arrest-
ing the progression of atheroscelerotic vascular
disease and, subsequently, clinical outcomes. In
addition, how effective is CIMT measurement as
a surrogate marker of atherosclerosis? As discussed
by Brown et al., none of the CIMT intervention
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studies of 2 years’ duration or shorter have dem-
onstrated an effect on clinical end points, and
much longer studies are required [15]. The possi-
bility arises that prior statin therapy amongst
ENHANCE participants may have led to lipid
depletion and stabilization in (early) carotid
plaque and, thus, ‘extra’ CIMT changes by adding
ezetimibe may have been difficult to achieve.
However, in the 19% of statin-naive subjects
entered into ENHANCE, no difference was seen
in CIMT between the ezetimibe- or placebo-
treated arms [15]. The possibility also arises that
the pleiotropic effects of statins contribute to
CIMT regression, and drugs resulting in addi-
tional improvements in lipid profile per se (with
no pleiotropic effects) may be less effective in
atherosclerosis regression. As recently highlighted
by Nicholls et al., statin therapy is best associated
with regression of atherosclerosis when LDL-C is
substantially reduced and, in addition, HDL-C is
increased by more than 7.5% [16].

‘[In the ENHANCE trial] the combination 
therapy arm had a greater reduction in 

LDL-C levels , triglycerides and 
C-reactive protein compared with 

monotherapy with statins.’

In a recent population-based cohort study,
there has been a significant increase in the pre-
scription of ezetimibe in USA (0.1% in 2001 to
15.2% in 2006) and Canada (0.2 % in 2003 to
3.4% in 2006) for primary and secondary preven-
tion – undoubtedly with increased overall costs,
but with uncertain clinical and cost–effectiveness

benefit [17]. In the UK, the NICE guidelines on
ezetimibe use state that ezetimibe monotherapy
should be reserved for patients with heterozygous
familial and non-familial hypercholesterolemia
who have contraindications to taking statins or are
intolerant to statins, and can be used as combina-
tion therapy with statins if LDL-C concentration
is not well controlled either after maximum dose
titration of statins or if the dose titration is limited
by intolerance [18]. This remains a reasonable
approach to ezetimibe use, pending large clinical
outcome trials.

Studies such as the IMProved Reduction of
Outcomes: Vytorin® (ezetimibe and simvastatin)
Efficacy International Trial (IMPROVE-IT), a
multicenter, double-blind, randomized, control-
led trial comparing combination therapy
(Vytorin) versus simvastatin in high-risk patients
presenting with acute coronary syndrome [101],
and the Arterial Biology for the Investigations of
the Treatment Effects of Reducing Cholesterol-6
(ARBITER-6) trial [19], should offer more infor-
mation on cardiovascular outcomes and the
effectiveness of using CIMT as a surrogate of
coronary events. Time will tell.

Financial & competing interests disclosure 
The authors have no relevant affiliations or financial involve-
ment with any organization or entity with a financial interest
in or financial conflict with the subject matter or materials dis-
cussed in the manuscript. This includes employment, consul-
tancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending or royalties.

No writing assistance was utilized in the production of
this manuscript.
Bibliography
1. Heart Protection Study Collaborative 

Group: MRC/BHF heart protection study 
of cholesterol lowering with simvastatin in 
20.536 high risk individuals; a randomised 
placebo controlled trial. Lancet 360, 7–22 
(2002).

2. Colhoun HM, Betteridge DJ, 
Durrington PN; CARDS investigators: 
Primary prevention of cardiovascular disease 
with atorvastatin in Type 2 diabetes in the 
Collaborative Atorvastatin Diabetes Study: 
multicenter randomised placebo-controlled 
trial. Lancet 364, 685–696 (2004).

3. LaRosa JC, Grundy SM, Waters DD: 
Treating new targets (TNT) investigators. 
Intensive lipid lowering with atorvastatin 
with patients with stable coronary disease. 
N. Engl. J. Med. 352, 1425–1435 (2005).

4. Baigent C, Keech A, Kearney PM; 
Cholesterol Treatment Trialists (CTT) 
collaborators: Efficacy and safety of 
cholesterol lowering treatment: prospective 
meta-analysis of data from 90,056 
participants in 14 randomised trails of 
statins. Lancet 366, 1267–1278 (2005).

5. Nissen SE, Nicholls SJ, Sipahi L; 
ASTERIOD investigators: Effect of high 
very high intensity statin therapy on 
regression of coronary atherosclerosis. The 
ASTEROID trial. JAMA 295, 1556–1565 
(2006).

6. Ballantyne CM, Houri J, Notarbartolo A: 
Effect of ezetimibe co administered with 
atorvastatin in 628 patients with primary 
hypercholesterolemia: a prospective 
randomised, double blind trial. Circulation 
107, 2409–2415 (2003).

7. Davidson MH, McGarry T, Bettis R: 
Ezetimibe coadministered with simvastatin 
in patients with primary 
hypercholesterolemia. J. Am. Coll. Cardiol. 
40, 2125–2134 (2002).

8. Hodis HN, Mack WJ, LaBree L: Carotid 
intima media thickness in predicting clinical 
coronary events. Ann. Intern. Med. 128, 
262–269 (1998).

9. Crouse JR III, Grobbee DE, O’Leary DH: 
Measuring effects on intima media 
thickness: an evaluation of rosuvastatin in 
subclinical atherosclerosis – the rationale 
and methodology of the METEOR study. 
Cardiovasc. Drugs Ther. 18, 231–238 
(2004).

10. Smilde TJ, Van Wissen S, Wollersheim H, 
Tripp MD: Effect of aggressive versus 
conventional lipid lowering on 
atherosclerosis progression in familial 
Therapy (2008)  5(4) future science groupfuture science group



Does ezetimibe enhance the effects of statins on atherosclerosis? – EDITORIAL
hypercholesterolemia (ASAP): a prospective 
randomised double blind trial. Lancet 357, 
577–581 (2001).

11. Taylor AJ, Sullenberger LE, Lee HJ, Lee JK: 
Arterial biology for the investigation of the 
treatment effects of reducing cholesterol 
(ARBITER) 2: a double blind, placebo 
controlled study of extended release niacin 
on atherosclerosis progression in secondary 
prevention patients treated with statins. 
Circulation 110, 3512–3517 (2004).

12. Kastelien JJ, van Leuven SI, Burgess L: Effect 
of torcetrapib on carotid atherosclerosis in 
familial hypercholesterolemia (RADIANCE 
1 study). N. Engl. J. Med. 356, 1620–1630 
(2007).

13. Bots ML, Visseren FL, Evans GW et al.; 
RADIANCE 2 Investigators: Torcetrapib 
and carotid intima-media thickness in 
mixed dyslipidaemia (RADIANCE 2 study): 
a randomised, double-blind trial. Lancet 
370(9582), 107–108 (2007).

14. Kastelein JJP, Akdim F, Stroes ESG et al.: 
Simvastatin with or without ezetimibe in 
familial hypercholesterolemia. N. Engl. J. 
Med. 358, 1431–1443 (2008).

15. Brown BG, Taylor AJ: Does ENHANCE 
diminish confidence in lowering LDL or in 
ezetimibe. N. Engl. J. Med. 358, 1504–1506 
(2008).

16. Nicholls SJ, Tuzcu EM, Sipahi I et al.: 
Statins, high-density lipoprotein cholesterol, 
and regression of coronary atherosclerosis. 
JAMA 297(5), 499–508 (2007).

17. Jackevicius CA, Tu JV, Ross JS et al.: Use of 
ezetimibe in the United States and Canada. 
N. Engl. J. Med. 358(17), 1819–1828 (2008).

18. National Institute for Health and Clinical 
Excellence: Ezetimibe for the Treatment of 
Primary (Heterozygous-Familial and Non-
familial) Hypercholesterolaemia. National 
Institute for Health and Clinical Excellence 
(NICE) Guidelines. NICE, London, UK 
(2007).

19. Devine PJ, Turco MA, Taylor AJ: 
Design and rationale of the ARBITER 6 
trial (Arterial Biology for the Investigation 
of the Treatment Effects of Reducing 
Cholesterol)- 6-HDL and LDL Treatment 
Strategies in Atherosclerosis (HALTS). 
Cardiovasc. Ther. 21, 221–225 (2007).

Website
101. IMProved Reduction of Outcomes: 

Vytorin Efficacy International Trial 
(IMPROVE-IT): a multicenter double-
blind randomized control comparing 
combination therapy (Vytorin) vs 
simvastatin in high-risk patients presenting 
with acute coronary syndrome (study 
P04103)
www.clinicaltrials.gov/ct2/show/
NCT00202878?term=Vytorin&rank=2
489future science groupfuture science group www.futuremedicine.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


