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Abstract 
 
The oxidation hypothesis for coronary heart disease (CHD) is attractive.   
However, the almost universal failure of antioxidant vitamin supplementation as a 
CVD risk modifier challenges the oxidation hypothesis, at least as a concept that 
easily ‘translates’ into clinical benefit for the population.  At the same time, quality 
prospective data on lipid or protein oxidation markers as predictors of vascular 
events is spare.  In this issue of the journal, Woodward and colleagues provide 
much needed prospective data examining the relationship between markers of 
oxidative damage and CHD outcome in a general population.  Despite noting the 
expected associations between several established CHD risk factors and CHD 
events, no significant link was seen between measured oxidation markers and 
CHD risk, a finding which further challenges the oxidation hypothesis for CHD.  
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Healthy human physiology relies on a complex balance of pro- and antioxidant 
mechanisms. Reactive oxygen species such as superoxide anions, free radicals and 
hydrogen peroxide, are generated as by-products of aerobic metabolism. These pro-
oxidant systems are balanced by a battery of antioxidants such as exogenously derived 
ascorbic acid and endogenous superoxide dismutase. Pro-oxidant effects are essential for 
normal processes involved in cell apoptosis and innate immune responses to infection. 
When oxidative stress occurs in excess and overwhelms anti-oxidant reserves, lipids, 
proteins and DNA are indiscriminately damaged, often rendering them dysfunctional and 
contributing to the development of chronic disease.   
 
A central role for oxidative stress in cardiovascular disease (CVD) is an attractive theory, 
particularly given that antioxidant administration (in the form of ‘simple and safe’ 
vitamin supplements) might reverse or at least slow this process in some way. Prior 
consistent epidemiological evidence of low vitamin levels in subjects at risk of CVD has 
fuelled an explosion of end-point trials investigating the cardio-protective potential of 
vitamin supplements. Antioxidant supplementation has, however, generally failed to 
demonstrate any beneficial effect. A recent Cochrane meta-analysis of 77 randomised 
trials involving 232,550 participants concluded that there was no evidence to support the 
use of antioxidants in primary or secondary CVD prevention and, in fact, suggested a 
potentially deleterious effect with vitamin A, beta-carotene and Vitamin E [1]. Similarly, 
observational studies have linked circulating homocysteine levels with the risk of CVD; 
however despite successfully lowering homocysteine levels, interventional studies of 
folic acid and cyanocobalamin have not shown any reduction in CVD risk[2;3]. This 
illustrates an important concept: attempting to reverse the pathophysiological 
mechanisms linked to apparently aberrant biomarker levels (in this case low antioxidant 
levels) does not necessarily translate into improved outcomes.  
 
The almost universal failure of antioxidant vitamin supplementation as a CVD risk 
modifier certainly threatens the oxidation hypothesis, at least as a concept that translates 
into clinical benefit for the population. However, a number of considerations have been 
proposed in this area to try to explain past failures and to help improve future research. 
The Cochrane review suggests that trial methodologies in the antioxidant field have 
generally been suboptimal: patient groups varied dramatically with no estimation of 
baseline oxidative stress levels; there was uncertainty regarding baseline and 
cardiovascular health at outcome; and risk of bias was high. The interventional 
supplements also varied massively in terms of dose, duration of treatment, and 
combinations used.  Of course, the results of the antioxidant randomised controlled trials 
(RCTs) have to be taken at face value; there is currently no role for supplements of 
naturally occurring antioxidants in the prevention of CVD. With this in mind, it is of 
interest that Lawlor and colleagues recently showed that socio-economic factors may 
confound the relationship between low vitamin levels and CVD risk[4]. In other words, 
low vitamin levels may not be causally linked to CVD risk; rather they are simply 
markers of some other more relevant process also linked to socio-economic status.   
 
With the above body of evidence in mind, there is clearly a need for parallel prospective 
studies linking oxidative stress markers measured at baseline to incident CVD outcomes.  
But which markers are best and how easy are they to measure? An ever increasing 
number of biomarkers of oxidative stress are emerging, relying on identification of in-
vivo lipid and protein targets for oxidation (reviewed[5;6]). F2-Isoprostanes, derived 
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from non-enzymatic free-radical mediated peroxidation of arachidoic acid, are arguably 
the best established biomarker of oxidative stress. In relation to CVD, they have been 
found to be significantly increased in atherosclerotic plaques compared to healthy non-
atherosclerotic vascular tissue; systemic F2-Isoprostanes have also been found to increase 
following angioplasty. The relationship between oxidized LDL-cholesterol (oxLDL) and 
CVD has also been extensively studied, and there is some evidence, albeit mixed, for 
oxLDL markers as in-vivo markers of oxidative stress. Unregulated uptake of oxLDL by 
scavenger receptors on macrophages results in the formation of foam cells, precursors of 
advanced atheromatous plaque formation. OxLDL is also thought to i) enhance 
interactions between monocytes and endothelial cells to promote atherogenesis and 
plaque instability, ii) induce the renin-angiotensin system, and iii) promote a cascade of 
inflammatory cytokines such as IL-6, and TNF-alpha. Finally, HDL particles are another 
target for oxidative stress, and it is possible to measure oxidised apolipoproteins (apo) A-
I and A-II as markers for in-vivo HDL-cholesterol oxidation. The role of oxidised HDL 
(oxHDL) in atherogeneis is however less clear. Studies have suggested that oxidation of 
methionine residues on apoA-I impairs reverse cholesterol transport; however studies in 
mice suggest that tyrosyl radical oxHDL may be more effective at extracting 
cholesterol[7].  
 
Measurement of markers of oxidative stress is therefore complex and also requires 
careful sample collection and storage, and invariably labour intensive methodology, such 
as high pressure liquid chromatography (HPLC)  for oxHDL or mass spectrometry for 
F2-isoprostanes, as described by Woodward et al [8]. Other methods involve 
immunoassays to oxidised moieties of oxLDL. However there are lingering concerns 
over specificity of some ELISA based methods as well as uncertainty about the 
pathophysiological relevance of some oxidative markers measured in the circulation 
versus tissue levels (where levels may change in opposite directions). Accurate 
assessment or interpretation of oxidative stress markers in large scale population based 
studies is therefore not easy and, as a result, there are few robust studies prospectively 
linking oxidative biomarkers with CVD incident end-points.  Small-scale studies have 
suggested a role for F2-Isoprostanes (measured in plasma or urine) as independent risk 
markers for atherosclerosis[9;10]; however  larger prospective studies, with proper 
adjustment for confounding factors, are noticeably sparse [6].  
 
In the current issue of the journal, Woodward et. al report a new prospective study in this 
area. They measured F2-Isoprostanes, and oxidised moieties on apoliprotein AI and AII, 
HDL-related proteins, in a nested case control study with 227 coronary cases and 420 
controls. Woodward et al. noted no significant association between measured  markers 
and CVD event risk. Whether this study had sub-optimal power to detect associations 
between oxidation markers and CHD risk is debatable since established risk predictors 
were significantly related to outcomes. In short, the results are disappointing with regards 
to the oxidation hypothesis. There is little other data on oxHDL moieties available for 
comparison but other markers of oxidations, for example oxidised phospholipids /apoB 
measurement (an antibody based assay) has been shown by others to be predictive of 10-
year CVD events in a prospective population based study of 765 subjects[11].  To 
advance this field, careful collaboration between different groups is required to generate 
greater power in prospective studies of a range of oxidative markers.  Such studies should 
also employ, wherever possible, gold standard or at least standardised laboratory methods 
to measure oxidative stress so that results are more robust.  
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In summary, although the oxidation hypothesis for vascular disease is attractive, there is 
currently inconsistent evidence linking markers of oxidative stress with incident CVD 
events. Equally, RCTs of vitamins have failed to show vascular benefit and in some cases 
have suggested possible harm.  That said, a recent RCT with a synthetic antioxidant, 
succinobucol[12], did show some promise in terms of vascular and diabetes risk 
reduction although the trial failed to meet its primary end-point and reported some 
unexpected harms. Given these uncertainties, the foundations of CVD risk prediction 
should continue with established risk factors such as lipids, blood pressure, and smoking 
to determine risk and proven interventions to lessen it.  
 

Clinical Science Immediate Publication. Published on 10 Oct 2008 as manuscript CS20080486

T
H

IS
 IS

 N
O

T
 T

H
E

 V
E

R
S

IO
N

 O
F

 R
E

C
O

R
D

 -
 s

ee
 d

oi
:1

0.
10

42
/C

S
20

08
04

86

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2008 The Authors Journal compilation © 2008 Biochemical Society



Reference  
 
 
 1.  Bjelakovic,G., Nikolova,D., Gluud,L.L., Simonetti,R.G. and Gluud,C. (2008) 

Antioxidant supplements for prevention of mortality in healthy participants and 
patients with various diseases. Cochrane.Database.Syst.Rev. CD007176. 

 2.  Bazzano,L.A., Reynolds,K., Holder,K.N. and He,J. (2006) Effect of folic acid 
supplementation on risk of cardiovascular diseases: a meta-analysis of randomized 
controlled trials. JAMA 296, 2720-2726. 

 3.  Ebbing,M., Bleie,O., Ueland,P.M. et al. (2008) Mortality and cardiovascular events 
in patients treated with homocysteine-lowering B vitamins after coronary 
angiography: a randomized controlled trial. JAMA 300, 795-804. 

 4.  Lawlor,D.A., Davey,S.G., Kundu,D., Bruckdorfer,K.R. and Ebrahim,S. (2004) 
Those confounded vitamins: what can we learn from the differences between 
observational versus randomised trial evidence? Lancet 363, 1724-1727. 

 5.  Tsimikas,S. (2008) In vivo markers of oxidative stress and therapeutic 
interventions. Am.J.Cardiol. 101, 34D-42D. 

 6.  Tsimikas,S., Willerson,J.T. and Ridker,P.M. (2006) C-reactive protein and other 
emerging blood biomarkers to optimize risk stratification of vulnerable patients. 
J.Am.Coll.Cardiol. 47, C19-C31. 

 7.  Macdonald,D.L., Terry,T.L., Agellon,L.B., Nation,P.N. and Francis,G.A. (2003) 
Administration of tyrosyl radical-oxidized HDL inhibits the development of 
atherosclerosis in apolipoprotein E-deficient mice. Arterioscler.Thromb.Vasc.Biol. 
23, 1583-1588. 

 8.  Woodward,M., Croft,K.D., Mori,T.A. et al. (2008) The association between both 
lipid and protein oxidation and the risk of fatal or non-fatal coronary heart disease 
in a human population. Clin.Sci.(Lond). 

 9.  Vassalle,C., Botto,N., Andreassi,M.G., Berti,S. and Biagini,A. (2003) Evidence for 
enhanced 8-isoprostane plasma levels, as index of oxidative stress in vivo, in 
patients with coronary artery disease. Coron.Artery Dis. 14, 213-218. 

 10.  Schwedhelm,E., Bartling,A., Lenzen,H. et al. (2004) Urinary 8-iso-prostaglandin 
F2alpha as a risk marker in patients with coronary heart disease: a matched case-
control study. Circulation 109, 843-848. 

 11.  Kiechl,S., Willeit,J., Mayr,M. et al. (2007) Oxidized phospholipids, lipoprotein(a), 
lipoprotein-associated phospholipase A2 activity, and 10-year cardiovascular 
outcomes: prospective results from the Bruneck study. 
Arterioscler.Thromb.Vasc.Biol. 27, 1788-1795. 

Clinical Science Immediate Publication. Published on 10 Oct 2008 as manuscript CS20080486

T
H

IS
 IS

 N
O

T
 T

H
E

 V
E

R
S

IO
N

 O
F

 R
E

C
O

R
D

 -
 s

ee
 d

oi
:1

0.
10

42
/C

S
20

08
04

86

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2008 The Authors Journal compilation © 2008 Biochemical Society



 12.  Tardif,J.C., McMurray,J.J., Klug,E. et al. (2008) Effects of succinobucol (AGI-
1067) after an acute coronary syndrome: a randomised, double-blind, placebo-
controlled trial. Lancet 371, 1761-1768. 

 
 

Clinical Science Immediate Publication. Published on 10 Oct 2008 as manuscript CS20080486

T
H

IS
 IS

 N
O

T
 T

H
E

 V
E

R
S

IO
N

 O
F

 R
E

C
O

R
D

 -
 s

ee
 d

oi
:1

0.
10

42
/C

S
20

08
04

86

Ac
ce

pt
ed

 M
an

us
cr

ip
t

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.

© 2008 The Authors Journal compilation © 2008 Biochemical Society



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


