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In Japan, after the WWII, the prevalence of car-
diovascular disease (CVD) increased in accordance 
with the increase in blood cholesterol levels due to the 
westernization of dietary habits. Along with the prog-
ress of the emergency system after the onset of CV 
events, the age-adjusted incidence rate due to CV 
events has decreased by the promotion of primary and 
secondary prevention of CV events using cholesterol-
lowering drugs such as statins. The average blood cho-
lesterol level has been decreased over the past decade 
due to the spread of proper diet and drug therapy, and 
on the other hand, the prevalence of glucose intoler-
ance and diabetes mellitus (DM) has gradually 
increased along with the increase in visceral fat accu-
mulation. Impaired glucose intolerance and DM are 
independent and strong risk factors for CV events; 
moreover, they exacerbate lipid metabolism (especially 
inducing hypertriglyceridemia and hypo-HDL choles-
terolemia)1). Insulin resistance enhancement accumu-
lates remnants, increases the proportion of small dense 
LDL, and enhances HDL clearance, thereby exacer-
bating atherogenicity2). Subanalysis of the Japan Dia-
betes Complications Study revealed that, in Japanese 
patients with DM, the increase in serum TG level was 
a leading predictor of coronary heart disease as well as 
serum LDL-C level3). Thus, in patients with impaired 
glucose tolerance or DM, the risk of CV events can-
not be comprehensively reduced by conventional 
hypercholesterolemia treatment using statins only. 
Treatment for the clustering risk factors of CV events 
is needed for future control of cerebro- and cardiovas-
cular risk. 

In the recent progress for the therapeutic inter-
vention for DM, selective inhibitors of sodium-glu-

cose cotransporter 2 (SGLT2) inhibitor have shown 
the efficacy for decreasing “cardiovascular” events in 
recent major clinical trials4, 5) and approved for the 
suitable drug in patients with both DM and cardio-
vascular events in some clinical guidelines6, 7). The 
results of the trials were that SGLT2 inhibitors were 
effective for reducing heart failure or CV death but 
did not accomplish to decrease CV events, such as 
angina pectoris, myocardial infarction, and/or acute 
coronary syndrome. In addition, the results of these 
trials have strong impact on the new era of reducing 
heart failure; however, there is no report that SGLT2-i 
potently and clearly reduced atherogenicity or 
regressed atherosclerotic plaques, resulting in reduced 
atherosclerotic CV diseases and their events. The 
dipeptidylpeptidase-4 inhibitor (DPP4-i), the most 
frequently used antidiabetic drugs in Japan, have been 
shown to be effective not only in impaired glucose tol-
erance but also in abnormal lipid metabolism, and in 
particular, remnant metabolism abnormality fre-
quently associated with diabetes8). The accumulation 
of remnant lipoproteins is observed in patients with 
hypertriglyceridemia and hypo-HDL cholesterolemia, 
and the postprandial accumulation of remnants is 
linked to the impairment of endothelial function9). 
Postprandial increase in TG and remnants is related to 
the atherogenicity and the morbidity of CV disease, 
and the dual effect for improving atherogenic rem-
nants and endothelial dysfunction is needed. 

In this study, Sawada et al. examined the effect of 
the 6-month treatment of SGLT2-i empagliflozin on 
the postprandial lipid metabolism and endothelial 
dysfunction after the loading of fat and carbohydrates 
in subjects with ACS and type 2 DM10). In combina-
tion with the decrease in BMI and body fat percent-
age, not only HbA1c, fasting, and postprandial plasma 
glucose levels but also fasting and postprandial triglyc-
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eride levels were decreased significantly. And the 
strongest predictive factor of FMD improvement was 
found to be a change in plasma triglyceride levels. 
These results strongly and properly showed that 
SGLT2-I also improves glucose and lipid abnormali-
ties in patients with both diabetes and dyslipidemia, 
resulting in the prevention of CV events in these 
patients.

Conflict of Interest

DM and SY receives clinical research funding 
from MSD, Bayer Yakuhin, Nippon Boehringer Ingel-
heim, Astrazeneca, Takeda Pharmaceutical Co., Astel-
las, Mitsubishi Tanabe, Kyowa Medex, Rohto, Fuji-
Rebio company. SY receives honoraria from Kowa, 
Kowa-Souyaku, MSD, Bayer Yakuhin, Astellas-Amgen 
Biopharma, Sanofi, Skylight Biotech, East Japan Insti-
tute of technology. SY belongs to clinical course 
endowed by Izumisano city.

References
1) Masuda D and Yamashita S. Postprandial Hyperlipidemia 

and Remnant Lipoproteins. J Atheroscler Thromb, 2017; 
24: 95-109

2) Syvanne M, Taskinen M-R. Lipids and lipoproteins as 
coronary risk factors in non-insulin-dependent diabetes 
mellitus. Lancet, 1997; 350: S20-S23

3) Sone H, Tanaka S, Tanaka S, Iimuro S, Oida K, Yamasaki 
Y, Oikawa S, Ishibashi S, Katayama S, Ohashi Y, 
Akanuma Y, Yamada N; Japan Diabetes Complications 
Study Group. Serum Level of Triglycerides Is a Potent 
Risk Factor Comparable to LDL Cholesterol for Coro-
nary Heart Disease in Japanese Patients with Type 2 Dia-
betes: Subanalysis of the Japan Diabetes Complications 
Study (JDCS). J Clin Endocrinol Metab, 2011; 96: 3448-
3456



<<
  /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


