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It is generally recognizing that a major cause of 
death is cardiovascular disease (CVD) in patients 
undergoing dialysis. Japanese data from January to 
December 2018 showed that the percentage of death 
due to CVD among all causes of death was 33.1%, 
with congestive heart failure, stroke, and myocardial 
infarction being 23.5%, 6.0%, and 3.6%, respec-
tively1). Previous studies reported that most patients 
with end stage kidney disease already had vascular and 
valvular calcification and significant coronary artery 
disease prior to dialysis initiation2). The data from the 
United States also showed that the most frequent 
CVDs among dialysis patients were congestive heart 
failure, coronary artery disease, and peripheral artery 
disease3). From these findings, the presence of CVD in 
dialysis patients must always be checked.

CVD is much more frequent in dialysis patients 
than in the general population because chronic kidney 
disease (CKD) patients, particularly dialysis patients, 
have not only many classical risk factors but also non-
classical risk factors for CVD. Among the non-classi-
cal risk factors, oxidative stress is one of the most 
important. The activation of the renin-angiotensin-
aldosterone system and sympathetic nerve system, 
chronic kidney disease-mineral bone disorder, uremic 
toxins, hypertension, anemia, malnutrition, diabetes 
mellitus, etc. increase oxidative stress (Fig.1). Most 
dialysis patients have these conditions and therefore 
increased oxidative stress. Sasaki et al. analyzed a 
cohort data of 517 hemodialysis patients and exam-
ined the relationship of an oxidative stress marker, 
derivatives of reactive oxygen metabolites (d-ROMs), 
with CVD events and all-cause mortality in 5 years4), 
showing that d-ROMs were significantly correlated 

with all-cause mortality but not CVD events. How-
ever, a significant association was not observed 
between d-ROMs and all-cause mortality after adjust-
ment by several confounders including an inflamma-
tory marker, C-reactive protein. Oxidative stress and 
inflammation are closely linked with each other, both 
greatly contributing to the CVD progression. More-
over, in the study, no significant difference was 
observed in the d-ROM levels between CVD and 
non-CVD patients. Although these findings may 
reflect that dialysis patients have various crucial risk 
factors for CVD other than oxidative stress, it is possi-
ble that a way to evaluate the state of oxidative stress 
might influence the results of the study. Previous stud-
ies of CKD patients including dialysis patients 
reported that other oxidative stress markers such as 
advanced glycation end products, myeloperoxidase, 
oxidized albumin, 8-hydroxy-2’-deoxyguanosine, etc. 
were related to CVD events and/or all-cause mortal-
ity5). Possibly, if the study was performed using other 
oxidative stress markers, one might get different 
results.

The experimental studies demonstrated that the 
suppression of oxidative stress promptly attenuates 
CKD and CVD progression6, 7). To date, a number of 
clinical studies aimed at preventing CKD and CVD 
progression by antioxidative agents had also been per-
formed. The studies, which are fresh in our memory, 
are two randomized controlled trials using bardoxo-
lone methyl, a Nrf2-inducing agent. Surprisingly, one 
of them, the BEAM trial, demonstrated that the treat-
ment with bardoxolone methyl improved kidney func-
tion as measured by an increase of the estimated glo-
merular filtration rate in type 2 diabetic patients with 
CKD8). Another study, the BEACON trial, unfortu-
nately, did not demonstrate its effectiveness because of 
safety concerns, due to an increase in CVD cases9). 
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Taking the problem into account, the further study, 
the TSUBAKI trial, was performed in Japan, which 
demonstrated that bardoxolone methyl could amelio-
rate the kidney function of type 2 diabetic patients 
with CKD similar to the result of the BEAM trial10). 
Now, a phase Ⅲ trial, the AYAME trial, including 
approximately 700 type 2 diabetic patients with CKD, 
is ongoing in Japan. Proving the effect of bardoxolone 
methyl on not only CKD but also CVD is expected in 
the near future.

In contrast, whether suppression of oxidative 
stress has a favorable impact on CVD in dialysis 
patients remains unclear. Until now, although several 
clinical studies using antioxidative agents such as vita-
min C, vitamin E, coenzyme Q, L-carnitine, tempol, 
and N-acetylcystein were performed for dialysis 
patients, the number of study participants was rela-
tively small. In addition, some of them reported that 
antioxidative agents could decrease oxidative stress but 
could not prove that they could reduce CVD events. 
As mentioned above, since dialysis patients have many 
risk factors for CVD, controlling only one risk factor 
cannot reduce CVD events. The control of oxidative 
stress alone is not enough to prevent CVD events in 
dialysis patients, and various risk factors, including 
anemia, CKD-MBD, hypertension, dyslipidemia, and 
diabetes mellitus, should be controlled appropriately. 
Oxidative stress is not the sole key player for CVD 
progression in dialysis patients. It should be kept in 
mind that there are various key players for CVD pro-
gression in these patients.

Fig.1. Mechanisms of CVD progression in dialysis patients

CVD, cardiovascular disease; RAS, renin-angiotensin-aldosterone system; CKD-MBD, chronic kidney 
disease-mineral bone disorder; DM, diabetes mellitus



 

229

Christ-Schmidt H, Goldsberry A, Houser M, Krauth M, 
Lambers Heerspink HJ, McMurray JJ, Meyer CJ, Parving 
HH, Remuzzi G, Toto RD, Vaziri ND, Wanner C, Wittes 
J, Wrolstad D, Chertow GM; BEACON Trial Investiga-
tors. Bardoxolone methyl in type 2 diabetes and stage 4 
chronic kidney disease. N Engl J Med, 2013; 369: 2492-
2503

10) Nangaku M, Kanda H, Takama H, Ichikawa T, Hase H, 
Akizawa T. Randomized Clinical Trial on the Effect of 
Bardoxolone Methyl on GFR in Diabetic Kidney Disease 
Patients (TSUBAKI Study). Kidney Int Rep, 2020; 5: 
879-890

7) Fujii H, Nishijima F, Goto S, Sugano M, Yamato H, 
Kitazawa R, Kitazawa S, Fukagawa M. Oral charcoal 
adsorbent (AST-120) prevents progression of cardiac 
damage in chronic kidney disease. Nephrol Dial Trans-
plant, 2009; 24: 2082-2088

8) Pergola PE, Raskin P, Toto RD, Meyer CJ, Huff JW, 
Grossman EB, Krauth M, Ruiz S, Audhya P, Christ-
Schmidt H, Wittes J, Warnock DG; BEAM Study Inves-
tigators. Bardoxolone methyl and kidney function in 
CKD with type 2 diabetes. N Engl J Med, 2011; 365: 
327-336

9) de Zeeuw D, Akizawa T, Audhya P, Bakris GL, Chin M, 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




