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Sex differences in medicine are still in the midst
of development; however, one of the areas that
recognizes its importance and continues to lead the
advancement of evidence is preventive cardiology.
Postmenopausal women have a worse prognosis for
acute coronary syndrome (ACS) than age-matched
men, accounting for the majority of patients after the
age of 75. Diabetes mellitus (DM) and smoking have
a larger impact on cardiovascular disease (CVD)-
related mortality in women than in men, which is
widely recognized and utilized in clinical practice.
Given that the first women-specific guideline for
CVD prevention was published by the American
Heart Association in 1999, it has been continuously
updated, with the most recent being the 2020
updateV. It provides evidence on female-specific risk
factors, such as preterm birth, hypertensive disorder of
pregnancy, gestational DM and other pregnancy-
associated conditions, as well as hormonal factors,
such as premature menopause. Psychological factors,
such as depression, are also reported as stronger
associated factors of CVD in women.

With this growing body of research on sex-
specific risk factors, CVD and its prevention in young
adults has also received much attention?. Due to high
levels of sex hormone secretions, sex differences are
particularly important to consider in younger age
groups. Although endogenous estrogens have been
proposed to lessen CVD risk, some Western countries
have experienced a particular increase in ACS among
relatively young women?, and evidence for sex-
specific preventive measures at a young age is
becoming increasingly important. In this issue of the
Journal of Atherosclerosis and Thrombosis, Kaneko ez
al. retrospectively examined sex differences in the

association between lipid abnormalities and later
CVD development using a nationwide database of
approximately two million Japanese men and women
aged 20—49 years without prior history of CVD and
lipid-lowering medications®. The authors reported a
dose-dependent association between lipid abnor-
malities and CVD development in both men and
women, with the association between the number of
abnormal lipid profiles and incident myocardial
infarction (MI) being more pronounced in men than
in women. Although age is a major driver of
cardiovascular risk, this study showed that having
unfavorable modifiable risk factors, even at a young
age, may sharply increase the risk in the coming years,
suggesting the significance of proactive intervention
even in young adults with abnormal lipid profiles.
Therefore, how rigorous should dyslipidemia
management be for young adults? A range of values
has been set that require further evaluation and
intensive risk factor control for several lipid markers?®.
Current guidelines recommend statin therapy
initiation in young adults with severe hyper-
cholesterolemia, including familial hypercholesterolemia,
DM, and DM risk factors for primary prevention,
regardless of sex. However, women are generally less
likely to receive guidelines-recommended statin
treatment, and lifestyle risk reduction is often
promoted as a priority, especially for premenopausal
women. Several factors could be contributing to this
current situation. First, there has been a controversy
over the role of statin therapy for primary prevention
in women, although large meta-analyses conducted
over the past decade have demonstrated similar
benefits in women and men?. In addition, female sex
is recognized as a risk factor for statin-associated
muscle symptoms®, and premenopausal women
require discontinuation of statins prior to pregnancy.
Given the pleiotrophic effects of statins and benefits
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of early statin therapy, which persist after
discontinuation, further studies are needed to
determine whether any additional groups of young
patients will benefit from pharmacotherapy in
addition to lifestyle modifications in primary
prevention of CVD events. Mild elevation in
triglycerides is reported to have several-fold higher risk
of premature MI”, and triglycerides were reported to
have a stronger association with premature coronary
heart disease than low-density lipoprotein cholesterol
(LDL-C) in women®. Other lipoproteins and
apolipoproteins are also useful in assessing CVD risk,
such as lipoprotein (a), small-dense LDL-C, and
apolipoprotein B, but few studies have investigated sex
differences.

Menopausal transition (MT) is another
important sex-specific factor associated with CVD
and its risk factors among women of younger age.
Early menopause and premature ovarian insufficiency,
defined as menopause at age of less than 45 or 40
years, respectively, are associated with 1.5-2-fold
increase in CVD risk. Kaneko ez a4l conducted a
sensitive analysis with people aged 20—45 years which
revealed consistent results. Considering that
approximately 15% of the population experiences
natural menopause before the age of 45” and an
additional percentage of women undergo medically-
induced menopause, further insights could be
obtained on sex differences if these information were
included in the study. Meanwhile, detailed
mechanisms by which menopause and its transition
alter CVD risk, particularly whether they are mediated
by changes in lipid profiles, are still not fully
understood. Previous reports observed nonlinear
changes in LDL-C during MT'?, and whether the
degree or slope of change during the MT provides
new prognostic value has not been elucidated. The
effect of menopausal hormone therapy on CVD risk
remains controversial, and current guidelines do not
recommend its use for CVD prevention. Recent
studies suggest that timing of hormone therapy
initiation plays a role in its effect on cardiovascular
risk, but the findings have not been consistent and the
biological mechanisms underlying them are uncertain.

In summary, although the role of dyslipidemia
on CVD development is evident, there is still a lack of
evidence on how lipid abnormalities in young people
affect later-onset CVD, with consideration of sex
differences. The genetic, epigenetic, and hormonal
influences of biological sex have a profound impact on
one’s health, not to mention the social construct of
gender, which influences human behavior.
Incorporating these differences into research will lead
to the advancement of precision medicine that will

1428

benefit the health of men and women.

Conflicts of Interest

None.

References

1) Cho L, Davis M, Elgendy I, Epps K, Lindley KJ, Mehta
PK, Michos ED, Minissian M, Pepine C, Vaccarino V,
Volgman AS; ACC CVD Womens Committee Members.
Summary of Updated Recommendations for Primary
Prevention of Cardiovascular Disease in Women: JACC
State-of-the-Art Review. ] Am Coll Cardiol, 2020; 75:
2602-2618

2) Stone NJ, Smith SC Jr, Orringer CE, Rigotti NA, Navar
AM, Khan SS, Jones DW, Goldberg R, Mora S, Blaha M,
Pencina MJ, Grundy SM. Managing Atherosclerotic
Cardiovascular Risk in Young Adults: JACC State-of-the-
Art Review. ] Am Coll Cardiol, 2022; 79: 819-836

3) Puymirat E, Simon T, Steg PG, Schicle E Guéret D,
Blanchard D, Khalife K, Goldstein P, Cattan S, Vaur L,
Cambou JP, Ferrieres J, Danchin N; USIK USIC 2000
Investigators; FAST MI Investigators. Association of
changes in clinical characteristics and management with
improvement in survival among patients with
ST-elevation myocardial infarction. JAMA, 2012; 308:
998-1006

4) Kamon T, Kaneko H, Itoh H, Okada A, Matsuoka S,
Kiriyama H, Fujiu K, Morita K, Michihata N, Jo T,
Takeda N, Morita H, Nakamura S, Node K, Yasunaga H,
Komuro I. Sex Difference in the Association between
Lipid Profile and Incident Cardiovascular Disease among
Young Adults. J Atheroscler Thromb, 2022; 29: 1475-
1486

5) Cholesterol Treatment Trialists (CTT) Collaboration,
Fulcher J, O’Connell R, Voysey M, Emberson J, Blackwell
L, Mihaylova B, Simes ], Collins R, Kirby A, Colhoun H,
Braunwald E, La Rosa J, Pedersen TR, Tonkin A, Davis B,
Sleight B, Franzosi MG, Baigent C, Keech A. Efficacy and
safety of LDL-lowering therapy among men and women:
meta-analysis of individual data from 174,000
participants in 27 randomised trials. Lancet, 2015; 385:
1397-1405

6) Stroes ES, Thompson PD, Corsini A, Vladutiu GD, Raal
FJ, Ray KK, Roden M, Stein E, Tokgdzoglu L,
Nordestgaard BG, Bruckert E, De Backer G, Krauss RM,
Laufs U, Santos RD, Hegele RA, Hovingh GK, Leiter
LA, Mach E Mirz W, Newman CB, Wiklund O,
Jacobson TA, Catapano AL, Chapman M]J, Ginsberg HN;
European Atherosclerosis Society Consensus Panel. Statin-
associated muscle symptoms: impact on statin therapy-
European Atherosclerosis Society Consensus Panel
Statement on Assessment, Aectiology and Management.
Eur Heart J, 2015; 36: 1012-1022

7) Dugani SB, Hydoub YM, Ayala AP, Reka R, Nayfeh T,
Ding JE McCafferty SN, Alzuabi M, Farwati M, Murad
MH, Alsheikh-Ali AA, Mora S. Risk Factors for
Premature Myocardial Infarction: A Systematic Review
and Meta-analysis of 77 Studies. Mayo Clin Proc Innov



Qual Outcomes, 2021; 5: 783-794 menopause and variations in the risk of incident

8) Dugani SB, Moorthy MV, Li C, Demler OV, Alsheikh- cardiovascular disease: pooled analysis of individual data
Ali AA, Ridker PM, Glynn R], Mora S. Association of from 10 international studies. Hum Reprod, 2020; 35:
Lipid, Inflammatory, and Metabolic Biomarkers With 1933-1943
Age at Onset for Incident Coronary Heart Disease in 10) Matthews KA, Crawford SL, Chae CU, Everson-Rose SA,
Women. JAMA Cardiol, 2021; 6: 437-447 Sowers ME, Sternfeld B, Sutton-Tyrrell K. Are changes in

9) Zhu D, Chung HF, Dobson AJ, Pandeya N, Brunner EJ, cardiovascular disease risk factors in midlife women due
Kuh D, Greenwood DC, Hardy R, Cade JE, Giles GG, to chronological aging or to the menopausal transition? ]
Bruinsma F, Demakakos P, Simonsen MK, Sandin S, Am Coll Cardiol, 2009; 54: 2366-2373

Weiderpass E, Mishra GD. Type of menopause, age of

1429




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /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 false
  /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 true
  /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 true
  /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 true
  /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 true
  /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 true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
    /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


