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2 Einleitung

2. Einleitung

2.1 Kardiovaskulare Erkrankungen

Kardiovaskulédre Erkrankungen stellen die haufigsten Ursachen fir Mortalitat in
reichen Landern bzw. Industrienationen dar. Etwa 50% der Todesursachen sind
auf kardiovaskulére Ursachen zurtickzufihren [1]. Meist liegt kardiovaskularen
Erkrankungen eine Atherosklerose zugrunde [2]. Dabei handelt es sich um eine
multifokale, schwelende, immunvermittelte inflammatorische Erkrankung mittle-
rer und grolRer Arterien, welche unter anderem durch Stérungen im Lipidstoff-
wechsel angeheizt wird. Endothelzellen, Leukozyten, und die glatten Muskelzel-
len der inneren Arterienwandschicht (Tunica intima) spielen die gréf3ten Rollen
bei der Entwicklung dieser Erkrankung. Als Folgen der Atherosklerose kdnnen
Herzinfarkte und Schlaganfélle auftreten, welche durch eine Uberlagernde
Thrombose verursacht werden [3].

Ausgeldst werden kénnen solche Thromben durch Endothelldsion, d.h. Verlet-
zungen der inneren Gewebsschicht. Eine solche Schadigung kann z.B. mecha-
nisch erfolgen als Folge einer arteriellen Hypertonie (endotheliale Dysfunktion,
Abb. 1b) [4].

Eine wichtige Rolle bei der Entstehung der Atherosklerose spielen vor allem die
Monozyten, eine Unterform der Leukozyten [5] [6]. Diese sammeln sich in der
inneren GefalRwand und schédigen diese, was in der Folge zu einer chronischen
Entzindung fuhrt [5]. Sogenannte Matrix-Metalloproteinasen (MMPs) unterstit-
zen eine Monozyten-Infiltration der GefédBwand. Ein Anstieg in der Expression
bestimmter MMPs flihrt zu einer Makrophagen-Ausreifung der Monozyten. Durch
Aufnahme von LDL-Cholesterin werden Makrophagen zu Schaumzellen, welche
sich in Endothellasionen anlagern [7].

Ein Uberfluss dieser Schaumzellen in den subendothelialen Schichten bei den
glatten Muskelzellen der Intima fuhrt zu einer fibrotischen Umwandlung mit fetti-
gen Degenerationen (fatty streaks, Abb. 1c) und Nekrosen (lipid core, necrotic
core) [7]. Durch die Ausbildung dieses Fettkerns und eine bindegewebige Reak-
tion kommt es zur Bildung einer Plaque (Abb. 1d). Je nach klinischem Verlauf
kann diese Plaque instabil werden (Abb. 1e). Dabei spielen verschiedene Ein-
flisse wie Grofie und Konsistenz des Plaque-Kerns, Dicke und Kollagengehalt
der fibrésen Abdeckung, des Entziindungsgrads innerhalb der Plaque und nicht
zuletzt hamodynamische Belastung eine Rolle [8]. Plaquerupturen flhren zu ei-
ner Beschleunigung des atherosklerotischen Prozesses [9] [10]: Es kommt zur
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2 Einleitung

Gerinnselbildung und bei einem Versagen der Reparaturmechanismen auch zu
einer Thrombose, d.h. einem Verschluss der Gefdl3e mit der moéglichen Folge
eines myokardialen oder zerebralen ischdmischen Infarkts [4].

(a) (b) (9 (d) (e)
Gesunde Endotheliale Fibrotische Bildung einer Instabile Plaque
Arterie Dysfunktion Umwandlung stabilen Plaque

mit ,fatty streaks”

Abbildung 1: Schema der Atheroskleroseentstehung; @iStock

Eine Atherosklerose entwickelt sich aufgrund einer Reihe von Risikofaktoren
bzw. Lebensstilfaktoren, welche teilweise verénderbar sind. Dazu z&hlen bei-
spielsweise eine Hyperlipidamie, ein erhéhter Body Mass Index (BMI), ein Dia-
betes mellitus, eine arterielle Hypertonie, Nikotinkonsum sowie Stress [4]. Zu den
nicht veranderbaren Risikofaktoren zahlen unter anderem das Alter und geneti-
sche Einflisse (positive Familienanamnese) [4] [11].

2.2 Das Gerinnungssystem

2.2.1 Alilgemeine Aufgaben

Das Gerinnungssystem hat zweierlei Aufgaben: Es dient sowohl dem Schutz des
Organismus vor Blutungen, als auch vor einer Thromboseentstehung.

2.2.2 Koagulation — Blutstillung

Im Rahmen der Blutgerinnung (Koagulation) findet eine Kaskade von komplexen
Ereignissen statt, die zu Reparaturvorgéngen und schliel3lich zur Blutstillung (H&-
mostase) beitragen. Dieser komplexe Mechanismus erlaubt eine schnelle Hei-
lung und Pravention spontaner Blutungen [12].

Die Gerinnungskaskade wird durch exogene und endogene Mechanismen akti-
viert. Exogene Ausléser sind Gefaldverletzungen, die das extrinsische System
aktivieren [4]. Bei endogenen Auslésern handelt es sich um
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Kontaktaktivierungen, d.h. die Gerinnungskaskade wird aktiviert durch Plasma,
das mit einer anderen Oberflache als dem vaskuldren Endothel in Kontakt ge-
kommen ist.

Bei der primaren Hamostase erfolgt die schnelle Blutstillung innerhalb von 1-3
Minuten durch Vasokonstriktion sowie Thrombozytenaggregation [13].

Die sekundare Hadmostase enthalt die beiden Haupt-Wegstrecken, intrinsisch
und extrinsisch, die mit der Aktivierung des Gerinnungsfaktors X (zu Faktor Xa)
enden und sich damit in einer gemeinsamen Endstrecke, treffen. Die gemein-
same Endstrecke miindet letztendlich in der Bildung eines stabilen Thrombus
(nach 6-9 Minuten) [14], indem durch enzymatische Einwirkung von Thrombin
Fibrinogen in Fibrin umgewandelt wird. Diese Fibrin-Untereinheiten haben eine
Affinitdt zueinander und kombinieren sich in Fibrinstrange, welche die Throm-
bozyten unter Einbettung von Erythrozyten [15] zusammenbinden und damit den
Plattchenkoagel stabilisieren [12]. Dieses Geflecht 16st sich durch die anschlie-
Rende Fibrinspaltung wieder auf [15]. Der Mechanismus, Uber den die Koagula-
tion zur Hamostase fihrt, ist ein komplexer kaskadenartiger Prozess mit mehre-
ren positiven Rickkopplungsschleifen, an dem eine Serie von Gerinnungsfakto-
ren beteiligt ist. Die wichtigsten Faktoren der intrinsischen Aktivierung sind die

Faktoren |, Il, IX, X, Xl und XlI; am extrinsischen Weg sind die Faktoren I, I, VII
und X beteiligt. Die gemeinsame Endstrecke besteht aus den Faktoren |, Il, V,
VIII, X.

Die Gerinnungsfaktoren zirkulieren im Blut als Zymogene, d.h. inaktive Vorstufen,
und werden zu Serinproteasen aktiviert, welche letztendlich Fibrinogen aktivie-
ren. Serinproteasen gehéren zu den Endopeptidasen und haben die Eigenschaf-
ten, Proteine enzymatisch zu spalten [16]. Zu den Serinproteasen zéhlen die
Gerinnungsfaktoren II, VII, IX, X und Xll, jedoch nicht die Faktoren V, VIII, XIlI
[12]. Bei Faktor V handelt es sich um ein Coenzym, Faktor VIII bildet einen Kom-
plex mit dem von-Willebrand-Faktor, und Faktor XllI hilft in seiner aktivierten
Form Xllla bei der Vernetzung von Fibrin.

Der intrinsische Weg wird durch exponiertes endotheliales Kollagen aktiviert, da-
gegen wird der extrinsische Weg durch Tissue Factor (Gewebefaktor, siehe Abb.
2), der durch endotheliale Zellen nach einem externen Trauma freigesetzt wird,
aktiviert [12].
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Kontaktaktivierung Tissue factor / Gewebefaktor
(intrinsischer Weg): (extrinsischer Weg):
Kontakt m. Wundoberflache: Gewebs-/Traumatisch bedingt:
XlI—>»Xlla /\ [ TEPI
Vila Vil
XI—=—>Xla
A - X /l'issue factor
|X—>|Xa<;> a*:‘«_ » . ____7____',_._"3Ant|thromb|n
; X /\A:Xa X
' Prothrombin (Il) T ‘;VT‘hlr_ombin (l1a) Gemeinsame Endstrecke

v Fil?{inp'gen(la) Fibrin () ™.
e Xllla<=—XIIl -PAIT
i Kreuzvernetztes Fibrin-Koagel tPA"

stV e Plasmin €«——Plasminogen

Protein S

Protein C + Thrombomodulin Fibrin-Abbauprodukte (inkl. D-Dimere)

Abbildung 2: Gerinnungskaskade

2.2.3 Gerinnungsinhibition

Neben Faktoren, die eine Aktivierung der Blutgerinnung bewirken, gibt es auch
Faktoren im Gerinnungssystem, die zu einer Inhibition der Gerinnung fihren. De-
ren wichtigste Vertreter sind Antithrombin (AT), Protein C und Protein S. Diese
Faktoren inaktivieren Faktor Ila (Thrombin) und Faktor Xa und sind zur Vermei-
dung von Thrombosen wichtig. Verringerte Konzentrationen von AT, Protein C
und Protein S flihren zu einer erhéhten Thromboseneigung [4] (siehe Abbildung
2).

2.2.4 Hyper- und Hypokoagulation

Wie oben beschrieben, ist eine normale Hamostase fiir ein funktionierendes Ge-
rinnungssystem notwendig.

Jedoch kénnen Koagulopathien auftreten, bei welchen eine fehlende Synthese
oder Funktion eines oder mehrerer Gerinnungsfaktoren vorliegt und damit in der
Folge zu einer Stérung der Gerinnungskaskade fiihren. Diese Gerinnungsstérun-
gen lassen sich grob unterteilen in Defektkoagulopathien (angeboren oder erwor-
ben), Immunkoagulopathien (Antikérperbildung gegen Gerinnungsfaktoren),

11
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Verbrauchskoagulopathien (erhéhter Verbrauch von Thrombozyten und plasma-
tischen Gerinnungsfaktoren) oder Hyperfibrinolysen (vor allem bei Operationen
an Organen mit hoher Aktivator-Konzentration) [4].

Unter Hyperkoagulabilitat versteht man eine erhéhte Gerinnungsbereitschaft. Ur-
sachen dafur kénnen eine Verminderung des gerinnungshemmenden Potenzials
wie z.B. bei Faktor V-Leiden-Mutation, Prothrombin-Gen-Mutation, erworbene
oer angeborene Méangel an Protein C, Protein S oder Antithrombin sein. Dagegen
kommt es zu einer Erhéhung des gerinnungsférdernden Potenzials z.B. bei er-
héhten Faktor VIII-, IX- oder XI-Spiegeln, bei Dysfibrinogenédmien, Polycythaemia
vera, essenzieller Thrombozytamie, Morbus Waldenstrém, paraneoplastischer
Produktion gerinnungsférdernder Proteine [4].

2.2.5 Blutgerinnung und kardiovaskulédres Risiko

Kardiovaskuléare Erkrankungen sind die Hauptursache fiir Tod und Gebrechlich-
keit bei alteren Menschen [17]. Das Risiko fur kardiovaskuldre Erkrankungen
steigt durch das Vorhandensein bestimmter kardiovaskularer Risikofaktoren
(CVRF) [18].

Zu den nicht beeinflussbaren Risikofaktoren zahlen das Alter, das Geschlecht,
eine positive Familienanamnese und die ethnische Zugehdrigkeit. Obwohl diese
Faktoren einer direkten therapeutischen Intervention nicht zuganglich sind, blei-
ben sie wichtig fir die Risikostratifizierung [19]. Zu den wichtigsten beeinflussba-
ren Risikofaktoren rechnet man die arterielle Hypertonie und Dyslipidamien; spe-
ziell eine Trias von hohen Triglyzerid-Werten, erhéhtem LDL-Cholesterin und
niedrigem HDL-Cholesterin geht mit einem erhéhten kardiovaskuléren Risiko ein-
her, sowie auch eine Diabeteserkrankung, Nikotinabusus und Bewegungsman-
gel [19].

Frihere Studien haben die Rolle des Gerinnungssystems bei der Manifestation
von kardiovaskuldren Erkrankungen untersucht [20] [21] [22] und zeigten auf,
dass die systemische Aktivierung des Gerinnungssystems zu akuten koronaren
Ereignissen fuhren kann [23].

Der Fibrinogen-Spiegel im Plasma ist ein eindeutiger Marker fiir ein erhéhtes Ri-
siko [24] [25], aber auch erhdhte Spiegel an D-Dimeren und t-PA sind verbunden
mit einem erhdhten Risiko fur kardiovaskuléare Ereignisse [26]. Dartber hinaus
lie3en sich Assoziationen zwischen Faktor VIl [26], Protein C [27] und Protein S
[28] und einer koronaren Herzerkrankung (KHK) nachweisen.

12
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2.2.6 Gerinnungsparameter in der Diagnostik

Zu den wichtigen Gerinnungsparametern in der Routinediagnostik zé&hlen der
Quick-Wert, die INR (Internationale Normalisierte Rate) sowie die PTZ (Partielle
Thromboplastin-Zeit).

In der erweiterten Diagnostik spielen jedoch noch weitere Faktoren, die auf St6-
rungen in der Hdmostase hinweisen kénnen, eine Rolle. Wichtigste Vertreter sind
hier: Fibrinogen, Faktor VIII-Aktivitat, Antithrombin Il (AT 1), Protein C-Aktivitat,
Protein S-Aktivitat, und D-Dimere.

Fibrinogen bzw. seine proteolytisch aktivierte Form Fibrin hilft bei der Koagula-
tion, welches mit Faktor Xllla zur Formung eines Thrombus beitragt [29]. Bei ei-
nem Fibrinogen-Mangel kann es zu Hamatomen der Muskulatur oder der Haut
oder Blutungen in der oralen Kavitdt kommen. Klinisch von Relevanz ist, dass zu
geringe Fibrinogen-Konzentrationen einhergehen mit einem erhéhten Blutungs-
risiko z.B. bei oder nach chirurgischen Eingriffen [30] [31].

Beim Faktor VIl handelt es sich um ein Protein, das in der Gerinnung zusammen
mit Faktor IX die Aktivierung des Prothrombins (Faktor X) zu Thrombin (Faktor
Xa) bewirkt. Faktor VIII ist verringert bzw. fehlend bei Patienten mit klassischer
Hamophilie und dem von Willebrand-Syndrom [32].

Die Proteine AT IlI, Protein C und Protein S wirken inhibierend auf die Koagula-
tion. Die Bestimmung dieser Parameter ist vor allem in der Thrombosediagnostik
von Bedeutung [33].

Das D-Dimer-Antigen ist ein Laborparameter zur Bestimmung der Gerinnungs-
aktivierung. Dieser wird in der Diagnostik zum Ausschluss von venésen Throm-
bosen und Lungenembolien sowie der Diagnose der disseminierten intravasalen
Gerinnung eingesetzt [34].

2.3 Blutdruck, Blutdruckamplitude und Hypertonie

Druck ist in der Physik definiert als Kraft pro Fl&ache [35]. Druck pflanzt sich gleich-
mafRig in alle Richtungen und senkrecht zu den Flachen, auf die er wirkt, fort [36].
Entsprechend ist der Blutdruck als Druck (Kraft pro Flache) des Blutes in einem
Blutgefald zu verstehen [37]. Der Blutdruck ist direkt abhdngig vom Gefaldwider-
stand und dem Herzzeitvolumen. Unter systolischem Blutdruck versteht man das
Druckmaximum, das wéahrend der Systole erreicht wird (normaler Wert ca. 120
mmHg), das Minimum wahrend der Diastole ist der diastolische Blutdruck (Nor-
malwert ca. 80 mmHg) [14].

13
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Die Blutdruckamplitude ist die Differenz zwischen systolischem und diastoli-
schem Blutdruck und betrédgt herznah ca. 40 mmHg [14]. Die Blutdruckamplitude
erhoht sich in der Regel im Alter und bei Atherosklerose durch die Versteifung
der Arterien [38]. Dartiber hinaus kann eine hohe Blutdruckamplitude physiolo-
gisch auftreten bei kérperlicher Anstrengung durch Erhéhung des systolischen
Blutdrucks (z.B. 160/80 mmHg) [39] bzw. pathologisch z.B. bei Aortenklappenin-
suffizienz, wo der diastolische gegentber dem systolischen Druck absinkt (z.B.
150/50 mmHg)[40]. Eine verringerte Blutruckamplitude tritt physiologisch auf
wahrend des Stehens [41], pathologisch bei Kreislaufkollaps, Blutverlust oder
Aortenstenose (z.B. 110/90 mmHg) [40].

2.3.1 Definition und Ursachen der Hypertonie

Weltweit ist die Pravalenz der arteriellen Hypertonie nach wie vor hoch und bleibt
der gréflite Risikofaktor fur Sterblichkeit mit 9,4 Millionen Sterbefallen im Jahre
2010 [42] in industrialisierten Landern. Schatzungsweise ein Drittel der deut-
schen Bevdlkerung zwischen 18 und 79 Jahren leidet an einer Hypertonie, und
die Haufigkeit erhdht sich mit dem Alter signifikant [43].

Eine Hypertonie ist definiert als ein nach wiederholten Messungen zu verschie-
denen Zeitpunkten gemessener Blutdruck tber den Normwerten [11]. Die WHO
definiert die arterielle Hypertonie als das Vorliegen eines systolischen Blutdrucks
von mehr als 140 mmHg und/oder eines diastolischen Blutdrucks von mehr als
90 mmHg.

Gemall WHO zahlen folgende Ursachen zu den Risikofaktoren fir Bluthoch-
druck: (héheres) Lebensalter, genetische Pradisposition, Ubergewichtigkeit /
Fettleibigkeit, mangelnde kdrperliche Aktivitat, salzreiche Erndhrung sowie ex-
zessiver Alkoholkonsum [44].

Ein erhéhter Blutdruck tragt in hdherem Mal3e zu atherosklerotischen Erkrankun-
gen bei, wie auch zu sich daraus ergebenden Komplikationen, beispielsweise
koronaren Ereignissen [45] [46]. Eine Hypertonie ist (zusammen mit Hypercho-
lesterindmie, Diabetes mellitus und Rauchen) ein Hauptrisikofaktor fur koronare
Herzerkrankungen [10].

2.4 Serumlipide

Das (Gesamt-)Cholesterin ist ein ubiquitar in eukaryoten Zellen vorkommendes
Molekul, das verschiedenste zelluldre Prozesse wie Membranfluiditdt und —
durchlassigkeit sowie Gentranskription reguliert. Cholesterin dient nicht nur als
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Molekil fir Regulationen, sondern bildet auch die Grundstruktur aller Steroidhor-
mone und Vitamin D-Analoga [47].

Da Menschen eine nur begrenzte Féhigkeit haben, Cholesterin zu verstoffwech-
seln, kommt es zu einer Erhéhung der Cholesterinwerte im Blut bei z.B. bei un-
gesunden Erndhrungsmustern bzw. genetischer Veranlagung [47].

HDL-Cholesterin ist invers mit KHK assoziiert [48], d.h. es wird ihm traditionell
eine positive Rolle bei der Arterioskleroseentstehung zugesprochen sowie ein
therapeutisches Potenzial bei atherosklerotisch bedingten kardiovaskularen Er-
krankungen. Es wird auch als das ,gute“ Cholesterin bezeichnet. Inzwischen gibt
es jedoch auch randomisierte klinische Studien (RCTs), die gezeigt haben, dass
gesteigerte Konzentrationen an HDL-Cholesterin nicht zwingend zu einem ge-
sundheitlichen Benefit fiihren [49].

LDL-Cholesterin bildet mit ca. 70% den gréRten Anteil des Cholesterins im
menschlichen Kdrper und ist in Bezug auf das kardiovaskuldre Risiko der ent-
scheidende Anteil am Gesamtcholesterin [4]. Bei zu hohem Serumspiegel kann
es in den BlutgefalRen akkumulieren und zur Bildung von Plaques beitragen. Da
eine Einengung der arteriellen Blutgefal’e das KHK-Risiko erhdht, wird es auch
als ,schlechtes” Cholesterin bezeichnet [50].

Non-HDL-Cholesterin, d.h. die Differenz zwischen Gesamtcholesterin und HDL-
Cholesterin, bildet einen zusétzlichen kardiovaskuldren Risikofaktor, der unab-
hangig von LDL-Cholesterin ist [51]. Non-HDL-Cholesterin hat sich in der Ein-
schatzung mdglicher zukunftiger kardiovaskulérer Ereignisse bewahrt [52].

Triglyzeride oder auch Neutralfette, bestehen aus drei verschiedenen Fettséuren,
gebunden an den Alkohol Glycerin. Sie werden sowohl vom Kérper selbst syn-
thetisiert als auch mit der Nahrung aufgenommen [53] und fiihren zusammen mit
erhdhtem Cholesterin oder Hypertonie sowie Lebensstilfaktoren wie Rauchen zu
einer weiteren Zunahme des kardiovaskuldren Risikos. Hypertriglyzeridamien
treten sekundéar als Folge von Diabetes mellitus, Alkoholabusus, Leber- und Nie-
renerkrankungen auf [4].

2.5 Aktueller Forschungsstand

2.5.1 Blutgerinnung und Hypertonie

Bluthochdruck wird als einer der Hauptrisikofaktoren fur Arteriosklerose gesehen,
weshalb Personen mit Hypertonie ein erhdhtes Risiko fir die Entwicklung von
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kardiovaskuldren Erkrankungen, wie z.B. KHK, Herzinfarkte, Herzversagen, Nie-
renversagen, Schlaganfalle und arterielle Verschlusskrankheit haben [54].

Aufgrund einer Hypertonie kann es zu Schaden der inneren Schicht der Blutge-
falRe kommen, was zu einer erhéhten Plattchenaggregation fihrt [55].

SchlieRlich wird durch die Endothelschadigung die Gerinnungskaskade aktiviert,
wodurch auch die Entwicklung von Arteriosklerose stimuliert werden kann [56].

Zu mdglichen Zusammenhangen zwischen einer erhéhten Blutgerinnung und Hy-
pertonie gibt es Studien vor allem aus den 1990er Jahren. Diese Studien flhrten
teilweise zu widersprichlichen Ergebnissen.

So untersuchte eine Studie von 1990 an 22 Mannern die Effekte von erhéhtem
Fibrinogen und Plasminogen-Aktivator-Inhibitor 1 (PAI-1) und fand eine positive
Assoziation zwischen PAI-1 und Hypertonie [57].

Eine weitere Studie von 1992 schloss 54 hypertensive, anderweitig aber gesunde
Patienten ein, und stellte im Vergleich zu einer klinisch gesunden Referenz-
gruppe statistisch signifikante Assoziationen zwischen Hypertonie und erhéhten
Spiegeln an Faktor Vllic, Fibrin-Monomeren und Faktor VII fest [58].

Eine grolie schottische Studie aus dem Jahr 1992 untersuchte geschlechtsspe-
zifisch an 1264 Probanden im Alter von 25-64 Jahren den Zusammenhang zwi-
schen Blutdruck und Hamatokrit, Blutplasma-Viskositat, Viskositat des Gesamt-
blutes und Plasma-Fibrinogen. Im Ergebnis zeigte Fibrinogen einen inversen Zu-
sammenhang mit dem Blutdruck [59].

Im Rahmen der MONICA-Studie erfolgte in Nordschweden an 1558 Mannern und
Frauen zwischen 25 und 64 Jahren eine Untersuchung geschlechtsspezifischer
mdglicher Zusammenhange, unter anderem zwischen Blutdruck und Fibrinogen
sowie fibrinolytischen Variablen. Im Ergebnis zeigten sich bei Mannern Assozia-
tionen zwischen diastolischem Blutdruck, bei Frauen zwischen dem Taille-Hift-
Umfang (WHR), einem Mal fiir die Kérperfettverteilung und jeweils einer gerin-
geren Fibrinolyse-Aktivitat [60].

Epidemiologische Daten aus grof3en, populationsbasierten Studien mit Mannern
und Frauen mit und ohne Bluthochdruck und einer Reihe hamatologischer Para-
meter sind jedoch rar [57-60].
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2.5.2 Blutgerinnung und Serumlipide

Fettstoffwechselstérungen sind einer der Hauptrisikofaktoren fur kardiovaskulare
Erkrankungen [61] und die Entstehung einer Atherosklerose [62] wird vor allem
mit erhéhten LDL-Cholesterin-Spiegeln sowie mit erniedrigten HDL-Cholesterin-
Spiegeln [63] [64] in Verbindung gebracht.

LDL-Cholesterin wird hier als wichtigster Risikofaktor angesehen, wobei jingere
Studien die Rolle des non-HDL-Cholesterins herausarbeiteten und dieses als Ri-
sikofaktor bei der Entstehung kardiovaskularer Erkrankungen als dem LDL-Cho-
lesterin mdglicherweise Uberlegen einstuften [65] [66].

Nach wie vor gibt es nur wenige Studien, die geschlechtsspezifische Assoziatio-
nen zwischen Mé&nnern und Frauen aus der Allgemeinbevdlkerung in Bezug auf
Blutlipide und eine Reihe von Koagulationsfaktoren untersuchten. Friihere Stu-
dien evaluierten Komponenten des Gerinnungssystems bei Studienteilnehmern
mit familidrer kombinierter Hyperlipidamie, die ein substantiell erhdhtes Risiko fur
koronare Herzerkrankungen haben, und berichteten Uber eine erhéhte Koagula-
tionsaktivitat bei diesen Personen [67]. Andere epidemiologische Studien haben
eine Verbindung zwischen verschiedenen Koagulationsfaktoren und Lipidpara-
metern aufgezeigt. So fand eine MONICA-Studie aus Glasgow, Grof3britannien,
bei zufallig ausgewéhlten Mannern und Frauen zwischen 25-74 Jahren aus der
Gesamtbevdlkerung, dass das Serum-Cholesterin und Triglyzeride mit erhéhten
Spiegeln von Faktor VII und IX, wie auch Antithrombin, Protein C und Protein S,
und bei Frauen mit erhéhtem Fibrinogen und Faktor VIl assoziiert waren [68].

2.6 Fragestellung und Ziele der Arbeit

Bluthochdruck und Fettstoffwechselstérungen gelten als Risikofaktoren fur die
Entwicklung von Atherosklerose, insbesondere durch eine Schadigung der Intima
der Blutgefalle, was zu einer erhéhten Thrombozytenaggregation fuhrt. Darliber
hinaus wird das Gerinnungssystem aktiviert, wodurch ebenfalls die Entwicklung
von Atherosklerose und damit von kardiovaskularen Erkrankungen wie koronare
Herzkrankheit, Herzinfarkt, Herzversagen, Nierenversagen, Schlaganfall und ar-
terielle Verschlusskrankheit begtinstigt wird.

Diese Studie soll der Frage nachgehen, inwieweit Parameter der Blutgerinnung
mit dem systolischen, diastolischen Blutdruck, der Blutdruckamplitude bzw. einer
Hypertonie assoziiert sind. Darliber hinaus wird untersucht, ob Gerinnungsfakto-
ren wie Antithrombin Ill, Fibrinogen, D-Dimere, Protein C, Protein S und Faktor
VIII, Quick Wert, INR und aPTT mit Gesamtcholesterin, HDL-Cholesterin, LDL-
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Cholesterin, non HDL-Cholesterin sowie Triglyzeriden im Serum einen Zusam-
menhang zeigen. Dabei sollte insbesondere auch der Frage nachgegangen wer-
den, ob sich geschlechtsspezifische Unterschiede zeigen.

2.7 Spezifizierung und Inhalt der Arbeit

Diese Dissertationsarbeit besteht aus zwei Publikationen, die der Doktorand als
Erstautor verfasst hat und die in peer-reviewed Fachzeitschriften verdffentlicht
wurden.

2.7.1 Erste Publikation

In der ersten Analyse wurde der Frage nachgegangen, inwieweit der systolische
und diastolische Blutdruck bzw. die Blutdruckamplitude mit den Hamostasefak-
toren Antithrombin IlI-Aktivitat, Fibrinogen, D-Dimere, Protein C-Aktivitat, Protein
S-Aktivitat, Faktor VIII-Aktivitdt, Quick-Wert, INR und aPTT assoziiert sind. Die
Analysen wurden jeweils getrennt fir Frauen und fir Manner durchgefihrt. Die
Auswertungen basierten auf Daten der KORA-Fit Studie, die 54-73-jahrige Per-
sonen (Durchschnittsalter 63,1 Jahre) aus der Allgemeinbevdlkerung einschloss
und zwischen dem 22.01.2018 und dem 29.06.2019 durchgefiuihrt worden war.

2.7.2 Zweite Publikation

In einer zweiten Publikation wurde untersucht, ob Assoziationen bestehen zwi-
schen den Blutgerinnungsparametern Antithrombin Ill, Fibrinogen, D-Dimere,
Protein C-Aktivitat, Protein S-Aktivitat, Faktor VIII-Aktivitat, aPTT und den Serum-
lipiden (Gesamt-)Cholesterin, HDL-Cholesterin, LDL-Cholesterin (nach Friede-
wald), non-HDL-Cholesterin, und Triglyzeriden. Auch dazu wurden die Daten aus
der bevélkerungsbasierten KORA-Fit Studie herangezogen und geschlechtsspe-
zifisch ausgewertet.
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3. Zusammenfassung

Kardiovaskulére Erkrankungen, stellen weltweit und vor allem in industrialisierten
Landern die Hauptursachen fur Morbiditat und Mortalitét dar und gehéren damit
zu den global bedeutendsten Erkrankungen.

Das kardiovaskuldre Risiko bezeichnet die Wahrscheinlichkeit, an kardiovasku-
laren Erkrankungen wie z.B. Herzinfarkt, Schlaganfall oder pAVK zu erkranken.
Als Hauptrisikofaktoren fur kardiovaskulare Erkrankungen gelten unter anderem
Bluthochdruck und Fettstoffwechselstérungen. Diese erhéhen das Risiko fur eine
Atherosklerose, wodurch das Risiko u.a. fur eine koronare Herzerkrankung steigt.

Arteriosklerotische Wandverdnderungen und damit verbundene thrombotische
Auflagerungen begiinstigen eine systemisch als auch lokal bestehende Aktivie-
rung von Hamostasesystemen und eine Stérung der Fibrinolyse. Die vorliegende
Arbeit, bestehend aus zwei Publikationen, ging deshalb der Frage nach, ob die
kardiovaskuléren Risikofaktoren Bluthochdruck und Fettstoffwechselstérungen
einen Zusammenhang mit Blutgerinnungsparametern zeigen.

Die Arbeit stitzte sich auf einen Datensatz, der im Rahmen der KORA Fit-Studie
erhoben wurde. KORA bedeutet Kooperative Gesundheitsforschung in der Re-
gion Augsburg. Dabei wurden zwischen 2017 und 2019 Daten bei gut 800 Stu-
dienteilnehmern, die zwischen 1945 und 1964 geboren waren, Befragungen
durchgefihrt sowie Untersuchungen und Labordaten erhoben.

In beiden Publikationen wurden neben deskriptiven Analysen die Zusammen-
hange zwischen den Blutdruckexpositionen (systolischer, diastolischer und Puls-
druck) bzw. den Lipidparametern (Gesamtcholesterin, HDL-Cholesterin, LDL-
Cholesterin, Non HDL-Cholesterin, Triglyzeride) und den Gerinnungsparametern
INR, aPTT, Antithrombin IIl, Fibrinogen, D-Dimer, Protein C, Protein S und Faktor
VIII als Outcomes mittels multivariabler linearer Regressionsmodelle untersucht.
Die Modelle wurden fir eine Reihe von Confoundern, wie z.B. Alter, Taillenum-
fang, koérperliche Aktivitat in der Freizeit, Alkoholkonsum, sozioékonomischen
Status, BMI, Diabetes, Raucherstatus etc. adjustiert. Personen, die mit gerin-
nungshemmenden Medikamenten behandelt wurden, wurden von den Analysen
ausgeschlossen. Ein Hauptfokus der Arbeit lag auf geschlechtsspezifischen Aus-
wertungen.

Im Rahmen der ersten Arbeit ergaben sich Unterschiede bei Mannern mit bzw.
ohne Hypertonie in Bezug auf die Gerinnungsparameter Fibrinogen und Faktor
VIII-Aktivitat. Bei den Frauen zeigten sich entsprechend statistisch signifikante
Unterschiede bei den Parametern Fibrinogen, D-Dimere, Protein S-Aktivitat und
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Faktor VIII-Aktivitat. Die Analyse mittels linearer Regression zeigte bei den Mén-
nern keine signifikanten Assoziationen zwischen Blutdruck- und Blutgerinnungs-
parametern. Bei Frauen zeigte sich eine signifikant positive Assoziation zwischen
systolischem Blutdruck und D-Dimer-Leveln.

In der zweiten Arbeit konnten ebenfalls signifikante Unterschiede zwischen Man-
nern und Frauen festgestellt werden: Bei Mannern war Gesamt-Cholesterin in-
vers mit aPTT, aber positiv mit der Protein C-Aktivitat assoziiert. HDL-Cholesterin
war bezogen auf aPTT und Fibrinogen invers assoziiert. LDL-Cholesterin, Non
HDL-Cholesterin und Triglyzeride zeigten eine positive Assoziation mit Protein C-
und Protein S-Aktivitdten. Bei Frauen zeigten LDL-Cholesterin, Gesamtcholeste-
rin und Non HDL-Cholesterin einen positiven Zusammenhang mit AT Ill-Konzent-
rationen und Protein C- und S-Aktivitaten. Zuséatzlich war Non-HDL-Cholesterin
positiv assoziiert mit der Faktor VIII-Aktivitat, HDL-Cholesterin und invers mit Fib-
rinogen. Triglyzeride zeigten einen positiven Zusammenhang mit der Protein C-
Aktivitat.

Zusammenfassend lasst sich sagen, dass sich in beiden Arbeiten deutliche ge-
schlechtsspezifische Assoziationen zeigten. Die weitere Erforschung und Ausar-
beitung dieser Unterschiede muss eine wichtige Rolle bei zukinftigen Studien
spielen, um sowohl kardiovaskulare Risiken als auch die Einfliisse von Serumli-
piden in Bezug auf die Blutgerinnung bei Mannern und Frauen aus der Allge-
meinbevdlkerung besser verstehen zu kénnen.
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4. Summary

Cardiovascular diseases are the main causes of morbidity and mortality world-
wide, especially in industrialized countries, and are therefore among the most
important diseases worldwide.

Cardiovascular risk refers to the probability of developing cardiovascular dis-
eases such as myocardial infarction, stroke, or peripheral arterial disease. The
main risk factors for cardiovascular disease include high blood pressure and
dyslipidemia. These increase the risk of atherosclerosis, which increases the risk
of coronary heart disease, among other things.

Arteriosclerotic wall changes and associated thrombotic deposits favor a sys-
temic as well as local activation of hemostasis systems and a disturbance of fi-
brinolysis. The present study, consisting of two publications, therefore investi-
gated whether the cardiovascular risk factors hypertension and dyslipidemia are
related to blood coagulation parameters.

The work was based on data collected as part of the KORA Fit study. KORA
stands for Cooperative Health Research in the Augsburg Region. Between 2017
and 2019, data were collected from about 800 study participants born between
1945 and 1964, surveys were conducted, and examinations and laboratory data
were collected.

In both publications, in addition to descriptive analyses, the associations between
blood pressure exposures (systolic, diastolic and pulse pressure) as well as lipid
parameters (total cholesterol, HDL cholesterol, LDL cholesterol, non-HDL cho-
lesterol, triglycerides) and the coagulation parameters INR, aPTT, antithrombin
[, fibrinogen, D-dimer, protein C, protein S and factor VIII as outcomes were
investigated using multivariable linear regression models. The models were ad-
justed for a number of confounders, such as age, waist circumference, leisure-
time physical activity, alcohol consumption, socioeconomic status, BMI, diabetes,
smoking status, etc. Individuals treated with anticoagulant medications were ex-
cluded from the analyses. A main focus of the work was on gender-specific eval-
uations.

In the first study, differences were found in men with and without hypertension
with regard to the coagulation parameters fibrinogen and factor VIl activity. In
women, statistically significant differences were found for the parameters fibrino-
gen, D-dimer, protein S activity, and factor VIII activity. Linear regression analysis
showed no significant associations between blood pressure and coagulation
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parameters in men. In women, there was a significant positive association be-
tween systolic blood pressure and D-dimer levels.

In the second work, significant differences were also found between men and
women: In men, total cholesterol was inversely associated with aPTT but posi-
tively associated with protein C activity. HDL cholesterol was inversely associated
related to aPTT and fibrinogen. LDL cholesterol, non HDL-cholesterol, and tri-
glycerides showed a positive association with protein C and protein S activities.
In women, LDL cholesterol, total cholesterol, and non HDL-cholesterol showed a
positive association with AT Il concentrations and protein C and S activities. In
addition, non HDL cholesterol was positively associated with factor VIII activity,
HDL cholesterol and inversely with fibrinogen. Triglycerides showed a positive
association with protein C activity.

In conclusion, significant gender differences were evident in both investigations.
Further exploration and elaboration of these differences must play an important
role in future studies to better understand both cardiovascular risks and the influ-
ences of serum lipids in relation to blood coagulation in men and women from the
general population.
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Abstract

Background Several prior studies postulated an effect of hypertension on coagulation factors. However, population-
based studies investigating the sex-specific associations between hypertension and hemostatic parameters are
scarce. Therefore, we investigated the relationship between blood pressure and parameters of coagulation, namely
activated partial thromboplastin time (@PTT), international normalized ratio (INR), fibrinogen, factor VI, antithrombin
lll, protein C, protein S, and D-dimer in men and women from the general population.

Methods Based on 803 participants (376 men, 427 women) from the KORA-Fit Study the sex-specific relationship
between systolic, diastolic, and pulse pressure and commonly measured coagulation factors were investigated using
multivariable-adjusted linear regression models.

Results Hypertensive males had significantly higher median fibrinogen levels and factor VIIl activity in comparison to
normotensive males. There was a statistically significant difference between females with and without hypertension
regarding the parameter fibrinogen, D-dimers, Protein S activity, and factor VIII activity. In multivariable linear regres-
sion analyses no significant association between systolic blood pressure, diastolic blood pressure, as well as pulse
pressure and the investigated hemostatic parameters was found in men. In women, a significant positive association
could be observed between systolic blood pressure and D-dimer level [3-estimate per mmHg increase 3.37 (95% Cl
0.935-5.804; p=0.007)] and between pulse pressure and D-dimer level [3-estimate per mmHg increase 5.351 (95% Cl
1.772-8.930; p=0.003)].

Conclusions It appears that sex differences exist in the association between blood pressure parameters and com-
monly measured coagulation markers in the general population. Further studies are needed to identify the underly-
ing causes.
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Background

Worldwide, the prevalence of arterial hypertension
is still high and it remains the greatest risk factor for
mortality with 9.4 million deaths in 2010 [1] in indus-
trialized countries. It is estimated that about one third
of the 18 to 79 years old German population suffers
from hypertension, and the frequency increases sig-
nificantly with age [2]. Hypertension is recognized as
a risk factor for the development of atherosclerosis
via damage of the intima of blood vessels which leads
to increased platelet aggregation [3]. Eventually, the
coagulation system is activated, which may also stimu-
late the development of atherosclerosis. Thus, persons
with hypertension are at increased risk of cardiovas-
cular diseases, such as coronary heart disease (CHD),
heart attack, heart failure, kidney failure, stroke and
arterial occlusive disease [4, 5].

Previous studies, mostly from the 90 s, addressed the
question whether hypertension confers a hypercoagu-
lable state [6]. However, these investigations in subjects
with and without hypertension led to conflicting results
[7-10]. So far, epidemiological data from large popula-
tion-based studies including men and women with and
without hypertension and with the standardized meas-
urement of blood pressure and a number of hemato-
logic parameters are still scarce. Thus, the present study
examines whether there are sex-specific associations
between systolic and diastolic blood pressure and the
parameters international normalized ratio (INR), acti-
vated partial thromboplastin time (aPTT), antithrombin
111, fibrinogen, D-dimer, protein C, protein S, and factor
VIII in a sample of the general adult population. Further-
more, in this context we also examined the role of pulse
pressure, which is also a predictor of cardiovascular and
mortality risk [11].

Materials and methods

Study sample

KORA (Cooperative Health Research in the Region of
Augsburg, Germany) is a regional research platform for
population-based studies. It consists of 4 cross-sectional
baseline surveys (S1 1984/85, S2 1989/90, S3 1994/95 and
$4:1999/2001) [12].

The KORA-Fit follow-up study was conducted from
22.01.2018 to 29.06.2019; all KORA participants born
between 1945 and 1964 who agreed to be re-contacted
were invited to the KORA study centre (n=3059 or
64.4% of all appropriate participants).

In the present analysis, all S4 participants in KORA-
Fit were considered (n=1394 eligible persons). Of those,
856 participants took part in the KORA-Fit examina-
tion (61.4% of all eligible S4 persons), and citrate plasma
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samples were collected. For the present analysis, 803 par-
ticipants (376 men, 427 women) with available data on
hemostatic parameters were included.

The study methods were approved by the Ethics
Committees of the Bavarian Chamber of Physicians
(KORA-Fit EC No 17040). The study was performed in
accordance with the Declaration of Helsinki. All study
participants gave written informed consent.

Data collection
During a face-to-face interview information on smok-
ing habits, physical activity level, alcohol consumption,
medication use, and socioeconomic status was gath-
ered by trained and certified study nurses. Furthermore,
the study participants underwent a standardized medi-
cal examination including collection of a fasting blood
sample. All study participants should take their morn-
ing medications as usual prior to the study. Height and
weight measurements were performed with the subjects
in light clothing and without shoes; body mass index
(BMI) was calculated as weight in kilograms divided by
the height in m?. Education years were categorized into
low (<10 years of schooling) and high (>10 years of
schooling). Alcohol intake was classified into low risk
(men <24 g/d, women <12 g/d) and risky consumption
(men>24 g/d, women>12 g/d). The physical activity
level was estimated by means of two separate four-cate-
gory interview questions asking about the time per week
spent on sports activities during leisure time in sum-
mer and winter. The winter and summer responses were
combined to create one variable of leisure time physi-
cal activity [13]. A participant was defined as physically
active during leisure time if he/she participated in sports
in summer and winter and for more than one hour per
week in at least one season [14]. In participants with or
without hypertension, blood pressure was measured after
a rest of at least 5 min at the right arm in the morning
at the examination center. Three measurements were
taken with 3 min intervals between the measurements
and the results of the second and third measurements
were averaged. Subjects who were aware of having hyper-
tension, who were therefore taking antihypertensive
medication and/or had blood pressure measurements of
140/90 mmHg or higher at the examination were defined
as having actual hypertension. However, participants
without known hypertension with normal blood pressure
readings on examination but taking medications that
affect blood pressure were not considered hypertensive.
Pulse pressure was calculated by building the differ-
ence between systolic and diastolic blood pressure. Anti-
coagulation therapy was defined as yes, if a participant
was treated either with a novel oral anticoagulant (e.g.
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apixaban, rivaroxaban) or with phenprocoumon. Fur-
ther information on the data collection procedures and
examinations in the KORA studies have been described
in detail elsewhere [15].

Laboratory measurements

All hemostatic factors were measured in citrat plasma
samples, which were collected in an overnight fasting state,
and processed, aliquoted, and stored at -80° C until analy-
sis. INR (reference value: 0.9—1.15) was calculated from the
prothrombin ratio (Thromborel S, Siemens Healthcare).
aPTT (reference value: 26—36 s) was measured photomet-
rically (Pathromtin SL, Siemens Healthcare); antithrombin
III activity (reference value: 78-113%) was determined by
a chromogenic activity assay (Innovance Antithrombin-
Assay, Siemens Healthcare). Fibrinogen (reference value:
210-400 mg/dl) was measured photometrically and
turbidimetrically (Multifibren U, Siemens Healthcare).
D-dimers (reference value: <500 pg/L) were measured by
a particle-enhanced immunoturbidimetric assay (Inno-
vance D-dimer Kit, Siemens Healthcare). Protein-C and
protein-S activities (reference values prot C: 70—140%, prot
S men: 73-130%, women: 52—126%) were measured pho-
tometrically (Berichrom Protein C, Siemens Healthcare;
Hemoclot Protein S). Factor VIII activity (reference value:
70-150%) was measured photometrically (Coagulation
factor VIII Deficient Plasma reagents used with Pathrom-
tin SL reagents, Siemens Healthcare). All measurements
were performed on a Siemens BCS-XP analyzer (Siemens,
Eschborn, Germany) except the measurement of protein
S activity, which was measured on a CaoChrom analyzer
(Wien, Austria).

Total cholesterol (reference value:<200 mg/dl) and
HDL cholesterol (reference value: >45 mg/dl) were meas-
ured enzymatically (Hoffmann-La Roche AG, Basel/Swit-
zerland) on a Cobas 8000 c702 Roche chemistry analyzer.
Non-HDL cholesterol (reference value: <130 mg/dl) was
calculated by subtracting HDL cholesterol from total
cholesterol.

Statistical analysis

Continuous variables were checked for normal distri-
bution by the Shapiro—Wilk test and were described by
mean =+ standard deviation (SD) in case of normal distri-
bution; non-normally distributed variables were reported
as median and interquartile range (IQR). Categorical
variables were given as absolute frequencies and per-
centages. Medians of continuous variables were com-
pared by the Mann—Whitney-U-Test, arithmetic means
by the t-test, and the categorical variables by the Fisher’s
exact test. The associations between the blood pressure
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exposures (systolic, diastolic, and pulse pressure) and
the outcomes INR, aPTT, antithrombin III, fibrinogen,
D-dimer, protein C, protein S, and factor VIII were inves-
tigated using multivariable linear regression models.
The models were adjusted for age, waist circumference,
leisure time physical activity, alcohol consumption, soci-
oeconomic status, BMI, diabetes, smoking status, non-
HDL cholesterol, and use of medications acting on blood
pressure. Persons treated with anticoagulation drugs
were excluded from the analyses with INR as outcome.
We investigated whether the exposure-outcome associa-
tions were modified by sex or age by conducting formal
tests for interaction (significance level 5%). Because there
was a significant interaction with sex, separate analyses
for men and women were carried out. All required model
assumptions were ensured. Multicollinearity and auto-
correlation were assessed by the variance inflation factor
and Durbin-Watson statistics, respectively. The linear-
ity assumption between continuous covariables and the
respective outcome were tested using restricted cubic
splines. The Breusch-Pagan test was applied to test for
heteroscedasticity, and if present, robust standard errors
were calculated. Influential observations were identi-
fied calculating Cook’s distances (D;) and removed when
D; > 1. P-values<0.05 were considered as statistically
significant. The statistical softwares IBM SPSS 26 and R
(version 4.0.1) were used for data analysis.

Results

Table 1 shows the sex-specific characteristics for par-
ticipants with and without hypertension. Men and
women with hypertension were significantly older than
subjects without hypertension (mean age in men 64.1
vs 61.8 years; in women: 65.1 vs. 61.8 years; p<0.0001
in both sexes). Mean systolic, diastolic, and pulse
pressure values in men with hypertension were sig-
nificantly higher than in normotensive men (systolic
blood pressure: 136.0 vs. 122.8 mmHg; diastolic blood
pressure: 78.9 vs. 74.0 mmHg; pulse pressure: 57.1
vs. 48.8 mmHg; p<0.0001 for all comparisons). This
was also the case in women (systolic blood pressure:
128.0 vs. 115.1 mmHg; diastolic blood pressure: 75.1
vs. 70.1 mmHg; pulse pressure: 52.9 vs. 45.1 mmHg;
»<0.0001 for all comparisons).

Also, mean BMI was significantly higher in male and
female participants with hypertension in comparison
to normotensive subjects (men: 29.94 vs. 27.22; women:
29.59 vs. 26.12 mmHg; p<0.0001 in both sexes). In both
sexes, participants with hypertension suffered signifi-
cantly more often from diabetes than subjects without
hypertension. Females with hypertension more often
were treated with anticoagulation drugs, and had higher
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MEN

HTN yes, n=211

HTN no,n=165 p-value

WOMEN

HTN yes,n=170 HTNno,n=257 p-value

Blood pressure systolic mmHg 136.0 (16.4) 122.8(9.7) <0.0001 128.0(19.8) 1151 (114) <0.0001

Blood pressure diastolic mmHg 789(10.3) 74.0(7.3) <0.0001 75.1(10.2) 70.1(8.1) <0.0001

Pulse pressure mmHg 57.1(02.7) 488 (7.6) <0.0001 529(13.6) 451 (7.9 <0.0001

Age years 64.1 (5.6) 61.8(5.8) <0.0001 65.1(5.1) 61.8(5.4) <0.0001

BMI kg/m? 299 (5.6) 27.2(3.5) <0.0001 296 (5.7) 26.1 (4.6) <0.0001

Education education<10yrs  70(33.2) 47 (28.5) 0370 89 (52.4) 82 (319 <0.0001
education>10yrs 141 (66.8) 118 (71.5) 81 (47.6) 175 (68.1)

Diabetes yes 27 (12.8) 8(4.8) 0.011 25(14.8) 8(3.1) <0.0001
no 184 (87.2) 157 (95.2) 144 (85.2) 248 (96.9)

Leisure time physical yes 150 (71.1) 111 (67.3) 0432 114 (67.1) 190 (73.9) 0.128

activity no 61(289) 54 (32.7) 56 (32.9) 67 (26.1)

Smoking Smoker 30(14.2) 26 (15.8) 0437 22(129) 32(12.5) 0.878
Ex smoker 114 (54.0) 78 (47.3) 67 (39.4) 96 (37.4)
Never smoker 67 (31.8) 61(37.0) 81 (47.6) 129 (50.2)

Alcohol consumption low risk 161 (76.3) 134 (81.7) 0.253 99 (58.2) 147 (57.2) 0.842
risky 50 (23.7) 30(18.3) 71(41.8) 110 (42.8)

Drugs acting on blood yes 160 (75.8) 8(4.8) <0.0001 153(90.0) 1143) <0.0001

pressure no 51(242) 157 (95.2) 17(100) 245 (95.3)

Anticoagulative medication  yes 15(7.1) 6(3.6) 0.177 5(29) 1(04) 0.039
no 196 (92.9) 159 (96.4) 165 (97.1) 255(99.2)

Total cholesterol normal <200 mg/dl 113 (53.8) 77 (46.7) 0212 67 (39.4) 65 (25.3) 0.003
high>200 mg/dI 98 (46.4) 88(53.5) 103 (60.6) 192 (74.7)

HDL cholesterol low <45 mg/dl 69 (32.7) 41 (24.8) 0.110 19(11.2) 7(2.7) 0.001
normal>45 mg/dl 142 (67.3) 124 (75.2) 151 (88.8) 250(97.3)

non-HDL cholesterol normal <130 mg/dl 89 (42.2) 56 (33.9) 0.110 55(324) 82(31.9) 1.000
high> 130 mg/dl 122 (57.8) 109 (66.1) 115 (67.6) 175 (68.1)

HTN Hypertension

total cholesterol as well as lower HDL cholesterol values
in comparison to normotensive women. Other param-
eters did not differ significantly for men and women with
and without hypertension (see Table 1).

The hemostatic parameters of men and women with and
without hypertension are given in Table 2. In men, median
fibrinogen levels and factor VIII activity were significantly
higher in the hypertensive group than in normotensive par-
ticipants (fibrinogen: 300.3 vs. 281.7 mg/dl, p=0.006; fac-
tor VIII: 123.5 vs. 113.6%, p =0.043). The other investigated
hemostatic parameters did not significantly differ between
hypertensive and non-hypertensive men (see Table 2).

In women, there was a statistically significant differ-
ence between participants with and without hyperten-
sion regarding the parameters fibrinogen, D-dimers,
protein S activity and factor VIII activity; females with
hypertension showed higher levels of these parameters

(fibrinogen: 317.1 vs. 292.4 mg/dl, p=0.001; D-dimers:
459.5 vs. 370.0 pg/l, p= <0.001; protein S: 124.8
vs. 117.9%, p=0.008; factor VIIL: 125.7 vs. 118.7%,
p=0.031). Other hemostatic parameters did not differ
significantly in women (see Table 2).

Linear regression analyses

In multivariable-adjusted linear regression analyses (see
Table 3) a significant positive association could be
observed between systolic blood pressure and D-dimer
level [B-estimate per mmHg increase 3.37 (95% CI
0.935-5.804; p=0.007)] and between pulse pressure and
D-dimer level [B-estimate per mmHg increase 5.351 (95%
CI1.772-8.930; p=0.003)] in women. No further signifi-
cant associations were observed in women. Furthermore,
no notable associations between the three exposures and
the investigated coagulation factors were found in men.
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Table 2 Coagulation factors of the subjects investigated (sex-specific values, that is median and IQR, for the total sample and stratified

by hypertension yes/no)

(@) men

Coagulation factor  Overall (1=378) Hypertensive men p-Value
Yes No

Quick % (excl. Anti- Median (IQR) 106.7 (100.1;112.6) Median (IQR) 106.8 (100.8; 113.5) Median (IQR) 1064 (99.4:111.7) 0.284

coag)

INRin sec. (excl. Median (IQR) 0.97(0.93; 1.01) Median (IQR) 0.97 (0.93; 1.00) Median (IQR) 0.97 (0.94; 1.01) 0.307

Anticoag)

aPTT (excl. Anticoag)  Median (IQR) 31.15(29.3; 33.5) Median (IQR) 31.0(29.3;33.2) Median (IQR) 31.3(29.3;33.7) 0.586

Antithrombin Il in Median (IQR) 99.2 (93.3;106.2) Median (IQR) 99.1 (92.5;106.1) Median (IQR) 99.2 (93.8; 106.3) 0.944

mg/dl

Fibrinogen in mg/dl  Median (IQR) 2904 (258.3;330.4) Median (IQR) 300.3 (267.2; 342.6) Median (IQR) 7(2529;3196) 0.006

D-dimers in pg/! Median (IQR) 404.0 (303.8; 563.0) Median (IQR) 420.0 (326.0; 576.0) Median (IQR) 390.0 (288.5;544.0) 0.162

Protein Cin % Median (IQR) .7(107.3;131.3)  Median (IQR) 116.5(107.1; 130.8) Median (IQR) 116.8(107.2;131.8) 0.776

Protein Sin % Median (IQR) 131.9(109.3;157.2) Median (IQR) 134.4(113.3;160.8) Median (IQR) 129.1(104.9;153.5) 0.058

Factor VIl in % Median (IQR) .1(954:141.7) Median (IQR) 123.5(97.0; 144.1) Median (IQR) 113.6(93.7; 138.6) 0.043

(b) women

Coagulation factor  Overall (n=427) Hypertensive women p-Value
Yes No

Quick % (excl. Anti- Median (IQR) 1104 (104.5;115.8) Median (IQR) 111.0(104.4;116.7) Median (IQR) 110.3(104.5;115.1) 0480

coag)

INR in sec. (excl. Median (IQR) 0.94 (0.91;0.98) Median (IQR) 0.94 (0.91; 0.98) Median (IQR) 0.95 (0.92; 0.98) 0.558

Anticoag)

aPTT (excl. Anticoag)  Median (IQR) 30.2 (28.4;32.6) Median (IQR) 30.1(28.3;32.7) Median (IQR) 30.3(28.5;32.4) 0.998

Antithrombin Il in Median (IQR) 104.7 (98.3;110.8) Median (IQR) 103.8(97.1; 109.6) Median (IQR) 105.6(99.2;112.8) 0.062

mag/dl

Fibrinogen in mg/dl Median (IQR) 300.3 (263.5;341.0) Median (IQR) .1(266.8;356.7) Median (IQR) 2924 (259.8;325.5) 0.001

D-dimers in ug/! Median (IQR) 406.0 (306.0; 554.0) Median (IQR) 459.5 (353.0; 684.8) Median (IQR) 370.0 (282.0;505.0) <0.0001

Protein Cin % Median (IQR) 129.0(116.2;142.1) Median (IQR) 128.7 (116.6; 147.1) Median (IQR) 1294 (115.2;140.2) 0405

Protein Sin % Median (IQR) 120.1(101.3;1389) Median (IQR) 124.8 (106.5; 145.1) Median (IQR) 117.9(99.4;133.2) 0.008

Factor VIIl'in % Median (IQR) 123.2(101.1;143.4) Median (IQR) 125.7 (105.4; 152.1) Median (IQR) 118.7 (97.8; 140.8) 0.031

Discussion

The present observational study explored the sex-spe-
cific association between hypertension and a number of
commonly measured coagulation factors. It was found
that fibrinogen levels and factor VIII activity differed
significantly between normotensive and hypertensive
men. Hypertensive women had statistically significantly
higher levels of fibrinogen, D-dimers, protein S activity
and factor VIII activity in comparison to normotensive
women. In multivariable linear regression analysis only
the associations between systolic blood pressure and
pulse pressure and D-dimer in women remained sta-
tistically significant, while no other significant results
were found in both sexes.

Available literature reported that hypertension is
associated with a hypercoagulable state [6], which may
contribute to the pathogenesis of atherothrombotic
diseases [16]. Decades ago, Letcher et al. found that
in haematocrit-matched hypertensives, the levels of

fibrinogen are increased, a change that might partly be
responsible for a higher blood viscosity [17]. However,
a number of early epidemiological studies showed only
weak associations [10, 18, 19]. Most prior studies could
show that individuals with hypertension had higher
fibrinogen levels than normotensive persons [7, 20], and
that women have higher fibrinogen levels than men [7,
21, 22], a finding which could be confirmed by our study.
Some former investigations reported no independent
association between blood pressure and fibrinogen lev-
els after multivariable adjustment for other cardiovascu-
lar risk factors [10, 23, 24]. Other studies [9, 18] showed
a weak but independent association in women only.
For example, the association between fibrinogen levels
and blood pressure was investigated in the population-
based Northern Sweden MONICA study including 1558
men and women aged 25 to 64 years [9]. However, it
remained unclear whether there are sex differences in
relationships between blood pressure and fibrinogen
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Table 3 Association between blood pressure measurements and coagulation factors. Results of the multivariable linear regressions in

men and women

MEN Systolic BP Diastolic BP Pulse pressure
B-estimate (95% Cl) P-value B-estimate (95% Cl) P-value B-estimate (95% Cl) P-value
INR 0(-0.001, 0) 0497 0(-0.001,0.001) 0.942 0(-0.001,0) 0.39%4
aPTT (sec) 0.012 (-0.01,0.034) 0.289 0(-0.037,0.038) 0.987 0.021 (-0.009, 0.051) 0.161
Protein C activity (%) 0.043 (-0.077,0.163) 0483 -0.041 (-0.243,0.161) 0.69 0.108 (-0.054,0.271) 0.192
Protein S activity (%) -0.02 (-0.254,0.214) 0.868 -0.047 (-0.438,0.343) 0812 -0.004 (-0.321,0.313) 0.980
Antithrombin Il (mg/dl) 0.012 (-0.058,0.081) 0.739 0.01 (-0.107,0.126) 0.868 0.014 (-0.08,0.108) 0.768
Fibrinogen (mg/dl) -0.185 (-0.592, 0.223) 0374 -0.145 (-0.837, 0.548) 0.682 -0.255 (-0.805, 0.294) 0362
D-dimers pg/! -1.941 (-4.674,0.793) 0.164 -0.501 (-5.108, 4.107) 0.831 -3.030 (-6.713,0.653) 0.107
Factor VIl activity (%) 0.045 (-0.186, 0.277) 0.702 0.182 (-0.206, 0.569) 0.358 -0.038 (-0.349, 0.275) 0816
WOMEN Systolic BP Diastolic BP Pulse pressure
R-estimate (95% Cl) P-value 3-estimate (95% Cl) P-value 3-estimate (95% Cl) P-value

INR 0.000 (0.000, 0.000) 0.896 0.000 (0.000, 0.001) 0461 0.000 (-0.001, 0.000) 0.651
aPTT (sec) -0.003 (-0.022,0.016) 0.759 0.02 (-0.014,0.054) 0253 -0.02 (-0.049, 0.008) 0.164
Protein C activity (%) 0.065 (-0.042,0.173) 0233 0.127 (-0.063,0.317) 0.19 0.055 (-0.103,0.213) 0492
Protein S activity (%) 0.024 (-0.154,0.202) 0.795 -0.033 (-0.332,0.267) 0.831 0.072 (-0.180, 0.324) 0576
Antithrombin Il (mg/dl) -0.02 (-0.077,0.038) 0.506 -0.044 (-0.143, 0.055) 0.385 -0.012 (-0.098, 0.075) 0.793
Fibrinogen (mg/dl) -0.24 (-0612,0.132) 0.206 -0.341 (-1.004, 0.322) 0313 -0.291 (-0.836, 0.255) 0.296
D-dimers (ug/l) 3.37(0.935, 5.804) 0.007 2718 (-1.614,7.051) 0218 5.351(1.772,8.930) 0.003
Factor VIl activity (%) -0.029 (-0.235,0.177) 0.785 -0.081 (-0.446, 0.283) 0.662 -0.004 (-0.307, 0.299) 0978

Exposures: systolic, diastolic, and pulse pressure; Outcomes: INR, aPTT, protein C, protein S, antithrombin IlI, fibrinogen, D-dimers, Factor VIII. Level of significance at

P<0.05. 8 regression coefficient, C/ Confidence interval, BP Blood pressure

Adjusted for age, BM|, diabetes, smoking status, non HDL-Cholesterol, and medications acting on blood pressure. Participants with anticoagulative medication were

excluded from the linear regression models

levels [9, 10, 18, 23]. In the present population-based
study no independent association between blood pres-
sure and fibrinogen levels in multivariable-adjusted
regression analysis was observed, neither in men nor in
women.

Factor VIII is mainly synthesized in hepatocytes, but
also endothelial cells, kidneys, and lymphatic tissue [25].
In the blood-stream it is present in a non-covalent com-
plex in association with the von Willebrand factor [26,
27]. We found significantly higher factor VIII levels in
men and women with hypertension in comparison to
normotensive individuals. In the population-based third
MONICA Glasgow survey, factor VIII was correlated
with diastolic blood pressure in men but not women in
age-adjusted Spearman rank correlation analysis [28].
However, in our study in both sexes the results of the
multivariable linear regression models do not support
an independent association between systolic and dias-
tolic blood pressure as well as pulse pressure and factor
VIII levels. To the best of our knowledge, no population-
based studies have investigated the association between
blood pressure and factor VIII in detail. There are only
a few studies on the association between von Willebrand
factor and blood pressure, and they found no independ-
ent relationship [29]. Unfortunately, no von Willebrand

factor measurements were available in our study. Further
investigations on the association between blood pressure
and factor VIII in the general population are necessary.

Protein S and protein C are vitamin K dependent inhib-
itors of blood coagulation [30]. Contrary to protein C,
which is synthesized in the liver only, protein S is synthe-
sized in a number of cells including endothelial cells. In
this study, significantly higher protein S levels were found
in women with than without hypertension. Prior stud-
ies investigating the relationship between protein S and
blood pressure are scarce. In the third Glasgow MON-
ICA survey an age-adjusted Spearman rank correlation
between protein S levels and blood pressure was found in
both, men and women [28]. However, in regression anal-
ysis, in both sexes there was no significant association
[28]. In another study blood protein S levels were higher
in relatives of hypertensive men than in men without a
family history of hypertension [31].

Plasma D-dimer is a degradation product of cross-
linked fibrin and a marker of hypercoagulability and
thrombosis [32]. Higher fibrin D-dimer concentra-
tions may reflect an increased turnover of fibrin [18].
Moderately high levels of D-dimer have been associ-
ated with an increased risk of subsequent thrombotic
events, particularly in patients with prior vascular
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disease [32]. Serum D-dimer levels correlate with the
extent of the total thrombolytic activity [32]. In our
study, the D-dimer levels were significantly higher in
hypertensive women compared to non-hypertensive
ones, but this difference was not seen in men. Higher
D-dimer levels in women compared to men were also
reported from an Italian study [33]. Linear regression
models attempting to assess the independent associa-
tion between the systolic, diastolic and pulse pressure
showed a significant relationship between systolic
blood pressure and pulse pressure and D-dimer lev-
els in women only. Our finding is in accordance with
results from the Edinburgh Artery Study [34], in which
systolic blood pressure in women was independently
associated with D-dimer levels. Higher fibrin D-dimer
levels in hypertensive than normotensive patients have
been shown in further studies [33, 35].

The strengths of the present study are primarily the
population-based design, and the availability of labora-
tory data, information on medication intake, and stand-
ardized assessed cardiovascular risk factors, including
standardized blood pressure measurement. The sam-
ple size allowed for a sufficiently powered sex-specific
analysis. This study also has limitations. Because the
analyses were based on a follow-up examination of the
population-based KORA study, it could be argued that
the responders are not representative of the initial pop-
ulation-based sample. Thus, selection bias that may have
affected the present results cannot be excluded. Further-
more, residual confounding by unmeasured variables
cannot be entirely ruled out. The cross-sectional design
of the study, the evaluation of leisure physical activity by
self-report only, and the missing information on other
types of physical activity represent further shortcom-
ings [36]. Finally, because this study included German
subjects born between 1945 and 1964, the results are not
transferable to other age-groups and persons of other
ethnicity.

In conclusion, while in both sexes there were sig-
nificant differences in fibrinogen and factor VIII levels
between hypertensive versus non-hypertensive subjects,
the blood levels of protein S and D-dimers in hyperten-
sives versus non-hypertensives differed only in women.
There was no significant association between systolic,
diastolic, and pulse pressure and any of the coagulation
factors in both sexes, except for an independent associa-
tion between systolic and pulse pressure and D-dimers
in women. Thus, it seems that sex differences exist in
the association between blood pressure parameters and
commonly measured coagulation markers in the general
population. Further studies are needed to identify the
underlying causes.
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Abstract

Background: Studies on the associations between lipid parameters and different hemostatic factors in men and
women from the general population are scarce. It was therefore examined whether there are possible relationships
between routinely measured serum lipids (total cholesterol, HDL-cholesterol, non-HDL-cholesterol, LDL-cholesterol,
and triglycerides) and different hemostatic factors (activated partial thromboplastin time (@PTT), fibrinogen, factor VI,
antithrombin Il (AT Ill), protein C, protein S, and D-dimer).

Methods: The analysis was based on data from the Cooperative Health Research in the Region of Augsburg (KORA)-
Fit study, which included 805 participants (378 men, 427 women) with a mean age of 63.1 years. Sex-specific associa-
tions between serum lipids and coagulation factors were investigated using multivariable linear regression models.

Results: In men, total cholesterol was inversely related to aPTT but positively associated with protein C activity. HDL
cholesterol was inversely related to aPTT and fibrinogen. LDL cholesterol, non-HDL cholesterol, and triglycerides
showed a positive association with protein C and protein S activity.

In women, LDL-cholesterol, total cholesterol, and non-HDL-cholesterol were positively related to AT Ill concentrations
and protein C and S activity. Additionally, non-HDL-cholesterol was positively associated with factor VIl activity. HDL
cholesterol was inversely related to fibrinogen. Triglycerides showed a positive relationship with protein C activity.

Conclusions: There seem to be sex differences regarding various associations between blood lipid levels and hemo-
static factors. Further studies are needed to address the possible impact of these associations on cardiovascular risk
and the underlying mechanisms.

Keywords: Serum lipids, Blood coagulation, KORA study, General population, Sex differences

Background

Dyslipidemia is a major risk factor for cardiovascu-
lar disease (CVD) [1]. Among others, elevated low-
density lipoprotein cholesterol (LDL-c), decreased
high-density lipoprotein cholesterol (HDL-c), and
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increased triglyceride (TG) levels in the blood are asso-
ciated with an increased risk of coronary atherosclero-
sis [2, 3]. While LDL-c is considered the most important
lipoprotein-based risk factor, recent epidemiological stud-
ies suggest that non-HDL-c may be superior to LDL-c in
determining coronary heart disease (CHD) risk [4, 5].

A number of previous studies have examined the role
of the hemostatic system in the manifestation of CVD
[6-8] and have shown that systemic coagulation activity
contributes to acute coronary events [9]. For example,

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
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associations between fibrinogen [10], Faktor VIII [11],
and protein C and protein S [12] and incident CHD were
found. Certain studies evaluated components of the
blood coagulation system in subjects with familial com-
bined hyperlipidemia, who have a substantially increased
risk of CVD, and reported increased coagulation activity
in these individuals [13]. Finally, other epidemiological
studies have demonstrated a link between various coagu-
lation factors and lipid parameters [8, 14].

Previous studies postulated that a hypercoagulable
state was present in individuals with hypercholester-
olemia [15]. It has been shown that blood lipids are
associated with prothrombotic and endothelial-damag-
ing properties [16]. Circulating lipids affect the vascular
endothelium, platelets, and coagulation factors. They
are associated with an alteration in the expression and/
or function of thrombotic, fibrinolytic and rheological
factors [16].

Data from large studies including men and women
from the general population examining possible associa-
tions between different blood lipid parameters and a vari-
ety of coagulation factors are still scarce. Therefore, in the
present study, sex-specific associations between LDL-c,
HDL-c, non-HDL c, total cholesterol, and TG levels and
the parameters activated partial thromboplastin time
(aPTT), fibrinogen, D-dimers, antithrombin III (AT III),
protein C, protein S, and factor VIII in the adult general
population were investigated.

Methods

Study sample

The KORA (Cooperative Health Research in the Region
of Augsburg, Germany) platform was established in
1996 and succeeded and advanced the MONICA study
(Monitoring of trends and determinants in cardiovas-
cular disease). The KORA cohort study consists of four
cross-sectional baseline surveys (S1 1984/85, S2 1989/90,
S$3 1994/95 and S4 1999/2001, S1-S3 under the MON-
ICA label [17]); since then, all study participants have
been followed-up. In early 2018, a follow-up study called
“KORA-Fit” started and was conducted in mid-2019. All
living attendees of the KORA cohort born between 1945
and 1964 who agreed to be recontacted were invited for
a new examination (1 =3059 or 64.4% of all appropriate
participants).

In the present analysis, a subgroup of all KORA-Fit
study participants was considered, meaning participants
who took part in the S4 baseline survey (n =1394 eligi-
ble persons). Of those, 856 S4 participants (61.4%) also
took part in the KORA-Fit examination. Overall, 805 par-
ticipants (378 men, 427 women) with available data on
hemostatic parameters could be included in the analysis.
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The Ethics Committee of the Bavarian Chamber of
Physicians gave its approval for the study (KORA-Fit EC
No 17040). All study participants gave written informed
consent, and the study was performed in accordance with
the Declaration of Helsinki.

Data collection

The study participants were interviewed by certified and
trained study nurses on education/socioeconomic sta-
tus, lifestyle factors, and medication use. In addition, a
standardized medical examination was undertaken that
included fasting blood sampling. Height and weight were
measured, and body mass index (BMI) was calculated
as weight in kilograms divided by height in m? Blood
pressure was measured with an automated oscillometric
device (HEM-705CP, Omron Corporation, Tokyo, Japan)
after a five-minute rest while sitting. Education years up
to 10years were categorized as “low”, over 10years of
schooling/studying as “high “education levels. A history
of diabetes was categorized as yes or no. A participant
was defined as physically active if he/she participated
in sports in summer and winter and for more than 1 h
per week in at least one season [18, 19]. Alcohol intake
was calculated in grams per day [18]. Smoking status was
classified into smoker, ex smoker and never smoker [18,
20]. Detailed information on the data collection, exami-
nation processes, and variable definitions in the KORA
studies is described in detail elsewhere [18].

Laboratory measurements

All hemostatic factors were measured in citrate plasma.
During blood sampling, the patients were in an over-
night fasting state. The samples were then processed and
stored at — 80°C until analysis. The parameter aPTT (ref-
erence value 26—36sec) was determined photometrically
(Pathromtin SL, Siemens Healthcare). AT III activity (ref.
value 78-113%) was measured via a chromogenic activity
assay (Innovance Antithrombin-Assay, Siemens Health-
care). Fibrinogen (ref. value 210-400 mg/dl) was quanti-
fied photometrically and turbidimetrically (Multifibren
U, Siemens Healthcare). D-dimers (ref. value <500 pg/L)
were analyzed using a particle-enhanced immunotur-
bidimetric assay (Innovance D-Dimer Kit, Siemens
Healthcare).

Protein C and S activity (ref. value for protein C
70-140%; ref. value for protein S 73-130% for men,
52-126% for women) were determined by photometry
(Berichrom Protein C, Siemens Healthcare; Hemoclot
Protein S). Factor VIII activity (ref. value 70-150%) was
measured by photometry (coagulation factor VIII defi-
cient plasma reagents used with Pathromtin SL reagents,
Siemens Healthcare). All measurements, except for the
protein S activity (CaoChrom analyzer (Wien, Austria)),
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were performed on a Siemens BCS-XP analyzer (Sie-
mens, Eschborn, Germany).

After overnight fasting, serum blood samples were
collected and kept at room temperature until centrifu-
gation. Serum was separated after 30 minutes. Samples
were assayed immediately at the laboratory of the Uni-
versity Hospital Grofihadern (Ludwig-Maximilians Uni-
versitiat, Miinchen). Serum total cholesterol and HDL-c
were measured enzymatically on a Cobas 8000 c702
Roche chemistry analyzer (Hoffmann-La Roche AG,
Basel/Switzerland). The Friedewald formula was used for
calculating LDL-c [21]. Non-HDL-c was calculated via
subtraction of HDL-c from total cholesterol. Serum tri-
glycerides were determined by an enzymatic color test
(according to Trinder) (Hoffmann-La Roche AG Basel/
Switzerland) on a Cobas 8000 ¢702 (Hoffmann-La Roche
AG Basel/Switzerland).

Statistical analysis

Continuous variables were described by means + stand-
ard deviations (SD) in the case of normal distribution.
Nonnormally distributed variables were given as median
and interquartile range (IQR). The Shapiro—Wilk test
was used to check if the data were normally distributed.
Means of normally distributed variables were compared
by the two-sided t test. Median values (not normally
distributed variables) were compared by the Mann—
Whitney U test. Categorial variables were compared via
Fisher’s exact test.

Multivariable linear regression models were used to
investigate possible associations between the different
serum lipid parameters (continuous variables) and aPTT,
AT III, fibrinogen, D-dimer, protein C, protein S, and
factor VIII. Participants taking anticoagulative medica-
tion were excluded from the analyses. The models were
adjusted for the following confounders: BMI, age, sex
(only in the total sample), education years, alcohol con-
sumption, systolic blood pressure, smoking status, his-
tory of diabetes, and intake of lipid-lowering drugs. We
performed additional analyses to account for clinical per-
spective and interpretation, using the lipid parameters in
a binary way (abnormal vs. normal).

It was investigated whether the exposure-outcome
associations (that is, lipid-coagulation factor associa-
tions) were modified by sex or age using formal tests
for interaction (significance level 5%). The linearity
assumption was tested by adding additional second-
degree polynomial transformations of continuous
covariates. Multicollinearity and heteroscedasticity
were assessed by calculating the variance inflation fac-
tor and performing the Breusch—Pagan test, respec-
tively. Finally, the assumption of normally distributed
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residuals was ensured by visual assessment of the
respective Q-Q plots. P values <0.05 were considered
statistically significant. The statistical software IBM
SPSS, version 28, was used for data analysis.

Results

Table 1 shows the sex-specific characteristics of the
study sample. The mean age was the same for men and
women (63.1years). On average, men had a higher BMI
(28.4 vs. 27.4) and were more often highly educated
(68% vs. 60%) than women. Smoking status also differed
between the sexes. While 65.6% of all men were smok-
ers or ex-smokers, this was the case for only 50.8% of all
women.

The aPTT values in men were higher than those in
women (31.5sec vs. 30.6sec). Furthermore, protein
C activity was higher in women (119.9% vs. 127.9%),
while protein S activity was higher in men (137.1% vs.
120.9%). All other coagulation parameters showed no
notable differences between males and females.

Total cholesterol, HDL cholesterol, LDL cholesterol,
and triglycerides were different between the two sexes:
total cholesterol levels in men were significantly lower
than in women, as well as HDL-c and LDL-c. TGs were
higher in men than in women.

In the whole population, LDL-c, total cholesterol,
and non-HDL-c were positively associated with AT III,
protein C and protein S activity. HDL-c was inversely
related to aPTT and fibrinogen. Furthermore, there was
a positive association between triglycerides and protein
C and protein S activity (see Table 2).

Due to significant interactions with sex indicating
different effect sizes for men and women in the mul-
tivariable linear regression models, the analyses were
stratified by sex. In men, total cholesterol was inversely
associated with aPTT and positively associated with
protein C activity. HDL-c was inversely related to both
aPTT and fibrinogen. LDL-c, non-HDL-c and TG val-
ues showed positive associations with protein C and
protein S activity (see Table 3).

In women, total, LDL and non-HDL cholesterol were
positively related to AT III concentrations as well as
protein C and protein S activity. In addition, non-HDL-
¢ was positively associated with factor VIII activity. For
men, HDL-c was inversely related to fibrinogen. TG
concentrations showed a positive association with pro-
tein C activity (see Table 4).

All findings were supported by regression models
using the lipid parameters in a binary way (abnormal
versus normal) (see Additional file 1, Tables 1, 2 and 3).
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Table 1 Sex-specific characteristics, serum lipids, and hemostatic factors (means £ SDs or median and IQR): the population-based

KORA-Fit Study

Participants (n =805) Units Ref. values MEN (n =378) WOMEN (n =427) p value
Age 805 (0 missings) years 63.1(5.8) 63.1(5.5) 0.942
BMI 805 (0 missings) kg/m2 284 (4.2) 274(5.2) 0.003
Systolic blood pressure 803 (2 missings) mmHg 1302 (15.3) 1202 (16.5) <0.001
Education 805 (0 missings) education <10yrs 118 (31.2) 171 (40.0) 0.010
education > 10yrs 260 (68.8) 256 (60.0)
Diabetes 803 (2 missings) yes 36 (9.5) 33(77) 0.381
no 342 (90.5) 392 (91.8)
Physical activity 805 (0 missings) yes 261 (69.0) 304 (71.2) 0.537
no 117 (31.0) 123 (28.8)
Smoking status 805 (0 missings) Smoker 56 (14.8) 54(12.6) <0.001
Ex smoker 192 (50.8) 163 (38.2)
Never smoker 130 (34.4) 210 (49.2)
Alcohol intake 804 (1 missing) g/day 57(00;215) 6.6 (0.0;22.9) 0.147
aPTT 803 (2 missings) sec 26-36 31.5(34) 06(3.2) <0.001
Antithrombin IIl activity 804 (1 missing) % 83-118 994 (10.3) 104.9 (104) <0.001
Fibrinogen 758 (47 missings) mag/d| 210-400 2989 (62.8) 305.2 (60.2) 0.163
D-dimers 805 (0 missing) ng/ml <500 408.0(314.8;563.0) 4055 (306.0; 554.0) 0.642
Protein C activity 805 (0 missing) % 70-140 119.9 (17.4) 127.9(17.5) <0.001
Protein S activity 789 (16 missings) % m 73-130, w 52-126 137.1(38.5) 1209 (27.6) <0.001
Factor VIl activity 804 (1 missing) % 70-150 1226 (36.9) 1249 (34.4) 0.371
Total cholesterol 805 (0 missing) mg/dl normal 0-200 190 (50.3) 132 (30.9) <0.001
high >200 188 (49.7) 295 (69.1)
HDL cholesterol 805 (0 missing) mg/dl low <45 111 (29.4) 26 (6.1) <0.001
normal >45 267 (70.6) 401 (93.9)
LDL cholesterol (Friedewald) 760 (45 missings) mg/dl normal <160 319 (86.7) 354 (84.1) 0315
high > 160 49(13.3) 67 (15.9)
Non-HDL cholesterol 805 (0 missing) mg/dl normal <130 145 (38.4) 137 (32.1) 0.065
high > 130 233 (61.6) 290 (67.9)
Triglycerides 805 (0 missing) mg/dl normal 0-200 325 (86.0) 394 (92.3) 0.004
high >200 53(14.0) 33(7.7)
Discussion TGs were associated with both coagulation inhibitors

The present study showed that commonly measured
hemostatic factors were associated with several blood
lipid markers in individuals from the general popula-
tion. There were significant sex-specific differences; in
particular, more notable associations, especially with
non-HDL-c, could be observed in women. However,
commonalities between the sexes could be found in the
inverse relationship of HDL-c and fibrinogen and posi-
tive relationships of LDL-c as well as non-HDL-c with
protein C.

Protein C and its cofactor protein S are vitamin
K-dependent coagulation inhibitors and play an impor-
tant role in fibrinolytic processes [22]. In both sexes,
these two coagulation factors showed similar associa-
tions with total cholesterol, LDL-c, and non-HDL-c;

in men, but in women, they were only related to pro-
tein C. A positive correlation of protein C with LDL-c
was also found in the ARIC Study [23], and in a Polish
study, protein C activity was associated with hypercho-
lesterolemia [24]. Women had higher protein C activ-
ity than men, and protein S activity was significantly
higher in men. Protein C activity is known to change in
women taking oral contraceptives or who are pregnant
[25]. Since this was not the case in the present study,
because the mean age of the women was 63.1years,
it could be assumed that in postmenopausal women,
protein C activity might be higher compared to men.
Similar to protein C and protein S, AT III also has
antithrombotic properties and inhibits serine protease
factors II, IX, X, XI, and XII [26]. In the present study,
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Table 2 Results of the linear regression (8 value, 95% Cl, p value) on the associations between serum lipids and coagulation
parameters in both sexes (KORA-Fit)

Total cholesterol mg/dl HDL cholesterol mg/dl  LDL cholesterol (Fried) non-HDL cholesterolmg/  Triglycerides mg/dI
mg/dl dl

aPTT —0.002 (—0.009,0.004)  —0.022 (—0.037, —0.006) 0.001 (—0.006, 0.008) 0.002 (— 0.005, 0.008) 0.001 (—0.003, 0.005)
0.523 0.005 0.822 0.584 0.571

AT I 0.039 (0.019, 0.059) 0.023 (—0.024, 0.070) 0.037 (0.015,0.059) 0.034 (0.014, 0.053) 0.002 (—0.008,0.011)
<0.001 0334 <0.001 <0.001 0.753

Fibrinogen —0.015(—0.137,0.106) ~ —0.505 (—0.785, —0.225) 0.084 (—0.051,0.219) 0.076 (—0.044, 0.196) 0.001 (—0.068, 0.071)
0.804 <0.001 0.220 0212 0.975

D-dimers 0515 (—0.299, 1.329) —1.083(—2.979,0813) 0.625 (—0.242,1.491) 0.698 (—0.107,1.501) 0.151 (—0.244, 0.546)
0.215 0.263 0.157 0.089 0453

Protein C ~ 0.156 (0.124,0.189) 0.064 (—0.016, 0.144) 0.139(0.102,0.175) 0.141(0.108, 0.173) 0.033(0.016, 0.049)
<0.001 0.118 <0.001 <0.001 <0.001

Protein S 0.150 (0.084,0.215) 0.012 (—0.141,0.165) 0.125 (0.053,0.196) 0.143 (0.078, 0.208) 0.061 (0.029, 0.092)
<0.001 0.876 <0.001 <0.001 <0.001

Factor VIl 0.069 (0.001, 0.137) 0.068 (—0.091, 0.227) 0.055 (—0.020, 0.131) 0.055 (—0.012,0.123) 0.019 (—0.014,0.052)

0.046

0.400

0.150

0.106

0.260

Participants with anticoagulative medication were excluded from the linear regression analyses

Independent variables: lipid parameters (continuously). Adjusted for age, sex, BMI, education (</> 10years), diabetes, smoking (yes/no/never), systolic blood pressure,
and intake of antihypertensive medication

aPTT activated partial prothrombin time

Table 3 Results of the linear regression (8 value, 95% Cl, p value) on the associations between serum lipids and coagulation
parameters in men (KORA-Fit)

Total cholesterol mg/dl  HDL cholesterol mg/dl  LDL cholesterol mg/dl Non-HDL cholesterol mg/dl  Triglycerides mg/dl

aPTT —0.011(=0.022,-0.001) —0.039(=0.065,—0.013 —0.008 (=0.020,0.003) —0.005 (—=0.016, 0.005) 0.000 (—0.004, 0.005)
0.030 0.004 0.164 0.304 0.963

ATl 0.005 (—0.025, 0.035) —0.030 (—0.107,0.047) 0.012 (—0.020, 0.045) 0.009 (—0.020, 0.038) —0.002 (—0.013,0.010)
0.748 0446 0450 0.547 0.769

Fibrinogen —0.127 (—0.318,0.063) —0.696 (—1.194, —0.198) —0.037(—0.248,0.173) —0.026 (—0.213,0.161) 0.012 (—0.081,0.105)
0.189 0.006 0.728 0.784 0.799

D-dimers  0.621 (—0.785,2.027) —2.894 (—6.491,0.702) 0.507 (—0.940, 1.955) 1.008 (—0.360, 2.376) 0.286 (—0.241,0.813)
0.386 0.114 0491 0.148 0.286

ProteinC ~ 0.125(0.074,0.176) 0.015(=0.121,0.150) 0.112 (0.056, 0.169) 0.116 (0.066, 0.166) 0.023 (0.004, 0.043)
<0.001 0.828 <0.001 <0.001 0.020

Protein S 0.238 (0.121,0.355) 0.059 (—0.241, 0.360) 0.173 (0.046, 0.300) 0.216(0.102, 0.330) 0.060 (0.017,0.103)
0.121 0.698 0.008 <0.001 0.006

FactorVIIl  0.043 (—0.065, 0.152) 0.248 (—0.030, 0.526) 0.001 (—0.119,0.121) 0.005 (—0.101,0.112) 0.011 (—0.030,0.052)
0434 0.081 0.984 0.920 0.593

Participants with anticoagulative medication were excluded from the linear regression analyses

Independent variables: lipid parameters (continuously). Adjusted for age, BMI, education (</> 10years), diabetes, smoking (yes/no/never), systolic blood pressure, and
intake of antihypertensive medication

aPTT activated partial prothrombin time

result is in accordance with findings from the ARIC
study [27], which observed higher AT III concentra-
tions in women than in men. Furthermore, in a study
from Japan including hyperlipidemic and normolipi-
demic elderly individuals, in both groups, serum total

the AT III activity in women was significantly higher
than that in men. Furthermore, in females, a significant
association between total cholesterol, LDL-c and non-
HDL-c and AT III was observed, but none of the lipid
parameters were associated with AT III in men. This



von Falckenstein et al. Lipids in Health and Disease (2022) 21:143

Page 6 of 9

Table 4 Results of the linear regression (8 value, 95% Cl, p value) on the associations between serum lipids and coagulation

parameters in women (KORA-Fit)

Total cholesterol mg/dl  HDL cholesterol mg/dl

LDL cholesterol mg/dI

Non-HDL cholesterol mg/dl  Triglycerides mg/dI

aPTT 0.004 (—0.004, 0.013) —0.013 (= 0.032, 0.005) 0.007 (= 0.002,0.017) 0.007 (= 0.001,0.016) 0.003 (—0.003, 0.009)
0313 0.155 0.129 0.094 0.294

AT I 0.065 (0.038,0.092) 0.053 (=0.007,0.113) 0.056 (0.026, 0.087) 0.054 (0.026, 0.081) 0.009 (—=0.010, 0.028)
<0.001 0.081 <0.001 <0.001 0.360

Fibrinogen  0.050 (—0.110,0.211) —0.401 (—=0.739, —0.063) 0.164 (—0.016, 0.345) 0.141 (—0.020, 0.301) —0.027 (—0.136,0.083)
0.538 0.020 0.074 0.086 0.631

D-dimers 0474 (—0482, 1.430) 0.214 (—1.845,2.272) 0.621 (—0.446, 1.687) 0.428 (—0.528, 1.385) —0.164 (- 0.830, 0.502)
0.330 0.838 0.253 0379 0.629

Protein C 0.180(0.137,0.223) 0.093 (—0.007,0.193) 0.160 (0.110, 0.209) 0.160 (0.116, 0.204) 0.059 (0.027, 0.091
<0.001 0.069 <0.001 <0.001 <0.001

Protein S 0.083 (0.009, 0.157) 0.009 (—0.149,0.167) 0.092 (0.011,0.173) 0.081 (0.008, 0.155) 0.041 (=0.010, 0.092)
0.027 0912 0.026 0.031 0111

Factor VIl 0.088 (—0.001,0.178) —0.032 (= 0.225,0.162) 0.095 (—0.005, 0.196) 0.095 (0.006, 0.185) 0.042 (—=0.021,0.104)
0.053 0.749 0.061 0.037 0.192

Participants with anticoagulative medication were excluded from the linear regression analyses

Independent variables: lipid parameters (continuously). Adjusted for age, BMI, education (</> 10years), diabetes, smoking (yes/no/never), systolic blood pressure, and

intake of antihypertensive medication

aPTT activated partial prothrombin time

cholesterol correlated positively with AT III activ-
ity [28]. In contrast, there was no notable association
between LDL-c and AT III in the ARIC study [27]. A
Polish study including a random sample of community-
dwelling older individuals also did not find an associa-
tion between AT III activity and total cholesterol and
LDL-c [29]. In addition, total cholesterol was not asso-
ciated with AT III in a study on 130 healthy adults aged
20-60years from Poland [24].

Contrary to prior studies [27, 30, 31], fibrinogen values
did not differ between men and women in the present
investigation. A number of previous studies [30—33], but
not all [34, 35], reported a positive association between
fibrinogen and LDL-c. In the present study, no inde-
pendent association between fibrinogen and LDL-c was
observed, but an inverse relationship between fibrinogen
and HDL-c in both sexes was found. This result agrees
with findings from ARIC [8, 14] but could not be con-
firmed by other investigations [31, 32, 36]. D-dimer lev-
els did not differ between males and females and showed
no significant association with any of the different lipid
parameters. In contrast, in the Dallas Heart Study, in lin-
ear regression analyses, D-dimer, a marker of fibrin for-
mation and lysis, was significantly higher in females than
in males even after multivariable adjustment for a num-
ber of covariables, including body composition [37].

In the present study, a significant relationship
between factor VIII activity and non-HDL-c was

observed in women. No other lipid parameters showed
a relationship with factor VIII. Furthermore, no nota-
ble differences in factor VIII concentrations were found
between the two sexes. This is in contrast to the ARIC
study, where the mean levels of Factor VIII were higher
in men than in women [23]. In addition, in ARIC in uni-
variable analysis, factor VIII was negatively associated
with HDL-c and positively associated with LDL-c [23].
In the third Glasgow MONICA Survey II [14], factor
VIII correlated with cholesterol in women but not men.
There are no prior studies on the association between
non-HDL-c and hemostatic factors. Thus, the findings
of the present study have to be confirmed by further
investigations.

An inverse association between HDL-c and aPTT, a
summary index for intrinsic and common pathways, was
found in men but not in women in the present study.
Furthermore, in males but not females, total cholesterol
was inversely related to aPTT, which is a widely used
routine screening test of the coagulation system. It could
be shown that patients with hypercholesterolemia had
shorter aPTT values than patients with lower cholesterol
levels [38]. The results of the present study in men are
consistent with this finding, but it is unclear why women
do not show this relationship. Furthermore, contrary to
this finding, no correlation between HDL-c and aPTT
was observed in a prior study [39]. In contrast to the
study of Chan et al. [40], where TGs were also related to
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aPTT, in the present study, such an association could not
be observed.

As an underlying mechanism for the association
between blood lipid levels and hemostasis factors, a pre-
vious study suggested that hypercholesterolemia may
affect the regulation of blood coagulation via tissue fac-
tor pathway inhibitor (TFPI) [41]. TFPI, formerly also
called lipoprotein-associated coagulation inhibitor [42]
or extrinsic pathway inhibitor [43], is a protease inhibitor
of the first steps of the extrinsic blood coagulation path-
way. Increased TFPI activity was found in patients with
hyperlipidemia [44], and there are positive correlations
between plasma TFPI activity and total cholesterol [45]
as well as LDL cholesterol levels [44]. In addition, studies
have shown that hyperlipidemia may be associated with
decreased activation of protein C, which in its activated
form can inhibit several steps in the blood coagulation
pathways.

Comparisons with other studies and what does the current
work add to the existing knowledge

Prior studies observed possible effects of dyslipidemia on
the coagulation system [23, 24, 27, 28, 30-35]. The pre-
sent study found that sex is a moderator responsible for
different effects in men and women regarding the rela-
tionships between lipid concentrations and coagulation
factors.

Study strengths and limitations

The strengths of this study are the sample size, the avail-
ability of standardized measured laboratory data, infor-
mation on medication intake, and standardized assessed
cardiovascular risk factors. There are also certain limi-
tations. The analysis was based on a follow-up study of
a population-based study. Thus, it could be assumed
that the participants are not representative of the initial
population-based sample. Selection bias that may have
affected the present results cannot be entirely excluded.
This study included German subjects born between 1945
and 1964, so the results do not apply to other age groups
and individuals of other ethnic origins.

Conclusions

There appear to be sex-specific differences regarding var-
ious associations between blood lipid levels and hemo-
static factors in individuals from the general population.
Therefore, in clinical practice, the role of lipid concentra-
tions in the pathogenesis of venous thromboembolism
(VTE) should not be neglected. Patients at high risk for
developing venous thromboembolism could benefit from
a reduction in lipid concentrations, e.g., by treatment
with lipid-lowering drugs.
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