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Atherosclerosis is known to occur in various 
arteries and is the cause of many arterial diseases. The 
major risk factors for atherosclerosis are high low-den-
sity lipoprotein cholesterol (LDL-C) levels, low high-
density lipoprotein cholesterol (HDL-C) levels, high 
lipoprotein (a) (Lp(a)) levels, smoking, hypertension, 
diabetes mellitus, and so on. Familial hypercholester-
olemia (FH) is a genetic disease that is characterized 
by high LDL-C levels since birth1, 2). In order to assess 
the pathogenic role of high LDL-C levels in athero-
sclerosis, patients with FH and LDL receptor knock 
out animals are an adequate model and have been 
used by researchers. Coronary artery disease (CAD) 
has been known to be a major manifestation of FH 
due to premature atherosclerosis in the coronary arter-
ies. On the other hand, there have been controversial 
reports on the prevalence of cerebrovascular disease 
(CVD) and peripheral artery disease (PAD) in FH. 

In order to assess the incidence of atherosclerotic 
cardiovascular disease, we need to consider the era in 
which a particular study was performed, that is, the 
prestatin or posstatin era. Kaste et al.3) reported that 
the risk of CVD in patients with FH is 20 times 
higher; furthermore, Gange et al.4) reported very high 
risk of CVD in patients with FH. In a meta-analysis, 
in the prestatin era, FH patients showed a higher risk 
for stroke compared with the general population (odds 
ratio=7.6585)5). Both the studies were performed in 
the prestatin era. Mohrschladt et al.5) and Jansen et 
al.6) reported a lower incidence of CVD in patients 
with FH than in control subjects. A meta-analysis also 
showed low incidence of CVD in patients with FH 
who were treated with statins5). These results suggest 
that patients with FH have a high prevalence of CVD, 
which can be prevented using statins. 

In the present paper, Todate et al. evaluated the 
prevalence of small vessel disease in 28 patients with 

FH and 35 healthy controls by using high-resolution 
brain magnetic resonance imaging (MRI)6). Ultra-
high-field 7.0 Tesla MRI provides an increased signal-
to-noise ratio of the inflow signal at high spatial reso-
lution, enabling the investigation of microvasculature 
characteristics. Patients with FH showed a signifi-
cantly higher prevalence of periventricular hyper-
intensity than the controls. The major intracranial 
arteries and the signal intensity of lenticulostriate 
arteries were identical. The results of the present paper 
show that high LDL-C levels may affect small arteries. 
The low incidence of statin use in this study may have 
contributed to the positive results.

Atherosclerosis is a systemic and diffuse vascular 
disease. Therefore, it simultaneously affects various 
arteries. Carotid, peripheral, and coronary arteries 
share common risk factors such as diabetes mellitus, 
hypertension, aging, low HDL-C levels, and high tri-
glyceride levels7). However, some risk factors have dif-
ferent impacts on different arteries. There have been 
several reports about the high impact of LDL-C levels 
on the prevalence of CAD. On the other hand, hyper-
tension may be a more important risk factor for CVD, 
and smoking and diabetes mellitus may be more 
important risk factors for PAD8).

It is worth mentioning that the characteristics of 
the increased lipoproteins may have some effect on the 
affected arteries. Dysbetalipoproteinemia (Fredrickson 
type III hyperlipidemia) is an atherogenic genetic dis-
ease and is associated with both CAD and PAD9). 
Dysbetalipoproteinemia is characterized by the accu-
mulation of remnants of chylomicrons and very low-
density lipoprotein (VLDL), which contain more tri-
glycerides and are larger than LDL. Patients with dia-
betes mellitus sometimes exhibit increased levels of 
remnant lipoproteins10) and high prevalence of PAD. 
Although patients with lipoprotein lipase deficiency 
exhibit large amounts of chylomicrons and VLDL, 
atherosclerosis does not seem to develop at an acceler-
ated rate. Therefore, it is possible that the characteris-
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tics of increased lipoproteins are associated with the 
differences in the extent of atherosclerosis develop-
ment in certain arteries. Patients with FH are mainly 
characterized by very high LDL-C levels, but remnant 
lipoprotein cholesterol (RLP-C) levels have also been 
reported to be high11) and to be associated with 
CAD12). PAD in patients with FH may be partially 
related to high RLP-C levels. Akioyamen et al.13) 
reported in a meta-analysis that FH was associated 
with a high risk of PAD; however, this trend was not 
preserved in molecularly defined FH.

Large arteries are prone to be affected by lipid 
accumulation with proliferative changes, leading to 
plaque formation14). Arteriosclerosis in small arteries 
like cerebral penetrating arteries is characterized by the 
necrosis or apoptosis of smooth muscle cells, resulting 
in lacunar stroke14). In the present paper, although the 
large arteries were not affected, small arteries were 
found to be affected. It should be noted that this 
study was performed in the Tohoku area, where the 
prevalence of hypertension is higher than that in other 
parts of Japan, and that the mean systolic blood pres-
sure in patients with FH is higher than that in control 
subjects. In addition, the number of patients in the 
study group is small. Therefore, the results of the pres-
ent study may be affected by blood pressure or some 
other factors. Further study with a larger number of 
patients needs to be performed.

Conflicts of Interests

Dr. Harada-Shiba reports honoraria from Astellas 
Pharma, Astellas Amgen and Sanofi, grants from 
Aegerion, Ricordati, Astellas, Astellas Amgen and 
Kaneka Medics, stock ownership of Liid Pharm, out-
side the submitted work.

References
1) Harada-Shiba M, Arai H, Ishigaki Y, Ishibashi S, Oka-

mura T, Ogura M, Dobashi K, Nohara A, Bujo H, Miy-
auchi K, Yamashita S, Yokote K. Guidelines for diagnosis 
and treatment of familial hypercholesterolemia 2017. J 
Atheroscler Thromb, 2018; 25: 751-770

2) Harada-Shiba M, Ohta T, Ohtake A, Ogura M, Dobashi 
K, Nohara A, Yamashita S, Yokote K. Guidance for pedi-
atric familial hypercholesterolemia 2017. J Atheroscler 
Thromb, 2018; 25: 539-553



<<
  /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




