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Circulating�von�Willebrand�Factor�Levels
in�Patients�with�Prediabetes

ABS�TRACT��Objective: Im�pa�i�red�glu�co�se�to�le�ran�ce�(IGT)�is�a�well�es�tab�lis�hed�risk�fac�tor�for�car�di�-
o�vas�cu�lar�di�se�a�ses.�However�the�re�is�not�cle�ar�evi�den�ce�to�show�that�the�sa�me�is�tru�e�for�im�pa�i�red
fas�ting�glu�co�se�(IFG).�von�Wil�leb�rand�fac�tor�(vWF)�is�an�im�por�tant�mar�ker�for�en�dot�he�li�al�dys-
func�ti�on.�The�vWF�le�vels�are�ele�va�ted�in�all�well�known�risk�fac�tors�for�car�di�o�vas�cu�lar�di�se�a�ses.
The�aim�of�this�study�is�to�se�arch�for�any�ele�va�ti�on�of�vWF�le�vels�in�sub�jects�with�IFG�and�IGT�and
to�com�pa�re�them�with�the�le�vels�of�the�he�althy�vo�lun�te�ers.�Ma�te�ri�al�and�Met�hods:�Ni�nety�fi�ve�pre-
di�a�be�tics�wit�ho�ut�any�con�fo�un�ders;�IFG�(n=�47,�me�an�age=�46.55�±�6.6,�M/F=�28/19),�IGT�(n=�48,�me�-
an�age=�47.3�±�6.9,�M/F=�28/20)�and�58�he�althy�vo�lun�te�ers�(me�an�age=�44.5�±�9.8;�F/M=�25/33),
matc�hed�for�age,�body�mass�in�dex�and�gen�der�we�re�en�rol�led.�Mor�ning�ve�no�us�samp�les�we�re�col�lec�-
ted�af�ter�12�ho�urs�of�fas�ting.�Fas�ting�blo�od�glu�co�se,�in�su�lin,�li�pid�and�vWF�le�vels�we�re�stu�di�ed.�In-
su�lin�re�sis�tan�ce�sta�te�was�es�ti�ma�ted�by�using�HO�MA�test.�Re�sults:�All�gro�ups�we�re�si�mi�lar�in�terms
of�age,�body�mass�in�dex�and�gen�der.�The�FPG�(p<�0.001),�in�su�lin�(p=�0.003),�Homeostasis�Model�As-
sesment�(HOMA)�(p<�0.001),�trigl�yce�ri�des�(p=�0.003)�and�vWF�le�vels�(p=�0.03)�we�re�sig�ni�fi�cantly
hig�her�when�com�pa�red�to�tho�se�of�the�con�trol�sub�jects.�No�sig�ni�fi�cant�dif�fe�ren�ce�was�ob�ser�ved�re-
gar�ding�the�abo�ve�pa�ra�me�ters�in�sub�jects�with�IFG�and�IGT.�Conc�lu�si�on:�The�high�vWF�le�vels�in
sub�jects�with�IFG�imply�the�pre�sen�ce�of�en�dot�he�li�al�dysfunc�ti�on�even�in�the�very�early�sta�ge�of�pre-
di�a�be�tes.�Re�gar�ding�that�the�re�was�no�sig�ni�fi�cant�dif�fe�ren�ce�bet�we�en�IFG�and�IGT,�it�can�be�conc�-
lu�ded�that�en�dot�he�li�al�dysfunc�ti�on�is�pre�sent�even�in�pa�ti�ents�with�IFG.�In�conc�lu�si�on,�IFG�sho�uld
not�be�un�der�va�lu�ed�as�a�car�di�o�vas�cu�lar�risk�fac�tor.�
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ÖZET�Amaç: Bo�zul�muş�glu�koz�to�le�ran�sı�(BGT)�bu�lu�nan�has�ta�lar�da�kar�di�yo�vas�kü�ler�olay�ris�ki�nin
art�tı�ğı�bi�lin�mek�te�dir.�An�cak�bo�zul�muş�aç�lık�glu�ko�zu�(BAG)�ile�kar�di�yo�vas�kü�ler�olay�iliş�ki�si�net�ola�-
rak�gös�te�ri�le�me�miş�tir.�von�Wil�leb�rand�fak�tö�rü�(vWF)�en�do�tel�dis�fonk�si�yo�nu�nun�çok�iyi�bir�gös�ter�-
ge�si�dir.� Kar�di�yo�vas�kü�ler� has�ta�lık�lar� için� risk� fak�tö�rü� olan� du�rum�lar�da� vWF� dü�zey�le�ri
yük�sel�mek�te�dir.�Bu�ça�lış�ma�nın�ama�cı,�bir�er�ken�kar�di�yo�vas�kü�ler�risk�be�lir�te�ci�olan�vWF�dü�ze�yi�nin
BAG�ve�BGT�ol�gu�la�rın�da�yük�sek�olup�ol�ma�dı�ğı�nı�araş�tır�mak�ve�sağ�lık�lı�gö�nül�lü�ler�le�kar�şı�laş�tır�mak�-
tır.�Ge�reç�ve�Yön�tem�ler:�Ça�lış�ma�ya,�eş�lik�eden�bir�risk�fak�tö�rü�bu�lun�ma�yan�95�pre�di�ya�bet�li�ol�gu
[BAG�(n=�47,�or�ta�la�ma�yaş=�46.55�±�6.6,�E/K=�28/19),�BGT�(n=�48,�or�ta�la�ma�yaş=�47.3�±�6.9,�E/K=
28/20)]�ile�yaş,�be�den�kit�le�in�dek�si�ve�cin�si�yet�ola�rak�uyum�lu�58�sağ�lık�lı�gö�nül�lü�(yaş=�44.5�±�9.8;
E/K=�25/33)�da�hil�edil�di.�On�iki�sa�at�lik�aç�lık�son�ra�sı�alı�nan�ve�nöz�kan�ör�nek�le�rin�de�aç�lık�kan�şeke�ri
(AKŞ),�in�sü�lin�ve�li�pid�pro�fil�le�ri�ile�bir�lik�te�vWF�dü�zey�le�ri�ça�lı�şıl�dı.�İnsü�lin�di�ren�ci�HO�MA�for�mü�-
lü�ile�he�sap�lan�dı.�Bul�gu�lar:�Tüm�grup�lar�da�yaş,�cin�si�yet�ve�ar�ter�yel�kan�ba�sın�cı�dü�zey�le�ri�ben�zer�di.
BAG�ve�BGT�ol�gu�la�rın�da�AKŞ�(p<�0.001),�in�sü�lin�(p=�0.003),�HO�MA�(p<�0.001),�trig�li�se�rit�(p=�0.003)
ve�vWF�dü�zey�le�ri�(p=�0.03)�kon�trol�le�re�gö�re�be�lir�gin�ola�rak�yük�sek�ti.�BAG�ve�BGT�ol�gu�la�rın�da�yu�-
ka�rı�da�ki�fak�tör�ler�açı�sın�dan�fark�lı�lık�sap�tan�ma�dı.�So�nuç:�BAG�ol�gu�la�rın�da�da�vWF�dü�zey�le�ri�nin
yük�sek�öl�çül�müş�ol�ma�sı�bi�ze�pre�di�ya�be�tin�bu�er�ken�dö�ne�min�de�bi�le�en�do�tel�dis�fonk�si�yo�nu�nun�bu�-
lun�du�ğu�nu�gös�ter�mek�te�dir.�BAG�ve�BGT�ol�gu�la�rı�ara�sın�da�vWF�dü�zey�le�ri�açı�sın�dan�fark�ol�ma�ma�sı
BAG�nun�da�en�az�BGT�ka�dar�önem�li�bir�risk�fak�tö�rü�ola�rak�üze�rin�de�du�rul�ma�sı�ge�rek�ti�ği�ni�dü�şün�-
dür�mek�te�dir.�
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he�re�la�ti�ons�hip�bet�we�en�di�a�be�tes�and�car�di�-
o�vas�cu�lar�di�se�a�se�be�gins�ear�li�er�in�the�prog�-
res�si�on� from� nor�mal� glu�co�se� to�le�ran�ce� to

type�2�di�a�be�tes�mel�li�tus�(T2DM),�and�is�as�so�ci�a�ted
with� re�sis�tan�ce� to� the� bi�o�lo�gic� ac�ti�vity� of� in�su�-
lin.1-3 Pre�di�a�be�tes,�the�sta�te�of�high�blo�od�glu�co�se
that�has�not�yet�re�ac�hed�to�the�le�vels�for�T2DM, is
a�pre�va�lent�con�di�ti�on�of�car�di�o�vas�cu�lar�risk�in�Tur�-
key.4 It�has�two�en�ti�ti�es, IGT�and�IFG.�Alt�ho�ugh
both�IGT�and�IFG�are�as�so�ci�a�ted�with�in�su�lin�re�sis�-
tan�ce�and�in�cre�a�sed�risk�of�de�ve�lo�ping�T2DM,�two
me�a�su�res�do�not�se�em�to�de�fi�ne�the�sa�me�po�pu�la�ti�-
on.5 The�in�cre�a�sed�risk�of�car�di�o�vas�cu�lar�di�se�a�se�is
well�es�tab�lis�hed�in�IGT�whi�le�the�sa�me�is�not�that
cle�ar�for�pa�ti�ents�with�IFG.6-8 The�pre�dic�ti�ve�va�lu�e
of�IFG�for�cli�ni�cal�events�is�re�por�ted�to�be�lo�wer
than�IGT.9 Alt�ho�ugh�the�in�cre�a�sed�car�di�o�vas�cu�lar
risk�in�pre�di�a�be�tic�sub�jects�is�ma�inly�at�tri�bu�ted�to
hypergl�yce�mi�a,�in�su�lin�re�sis�tan�ce�and�ot�her�as�so�-
ci�a�ted�car�di�o�vas�cu�lar�risk�fac�tors, the�mec�ha�nisms
in�vol�ved�in�the�de�ve�lop�ment�of�a�pro�inf�lam�ma�tory
and�prot�hrom�bo�tic�sta�te�in�pre�di�a�be�tes�are�not�well
es�tab�lis�hed.3,5�Mo�re�o�ver,� the�re� is� da�ta� in�di�ca�ting
that�the�in�cre�a�sed�car�di�vo�as�cu�lar�risk�in�pre�di�a�be�-
tes�is�in�de�pen�dent�from�the�inf�la�ma�tory�pro�ducts
of�adi�po�se�tis�su�e�and�the�in�su�lin�re�sis�tan�ce�it�self.10

This�sug�gests�that�in�cre�a�sed�CVD-risk�as�so�ci�a�ted
with�pre�di�a�be�tes�is�al�so�me�di�a�ted�by�fac�tors�ot�her
than�the�es�tab�lis�hed�mar�kers�of�inf�lam�ma�ti�on�and
in�su�lin�re�sis�tan�ce.

vWF�is�a�mul�ti�me�ric�glycop�ro�te�in�which�me-
di�a�tes�pla�te�let� ag�gre�ga�ti�on�and�ad�he�si�on�and� is
pro�du�ced� al�most� exc�lu�si�vely� by� en�dot�he�li�al
cells.11 Plas�ma�le�vels�of�vWF�are�ra�i�sed�in�dif�fe�-
rent�sta�tes�of�en�dot�he�li�al�da�ma�ge,�the�re�fo�re,�it�is
a�use�ful�mar�ker�for�en�dot�he�li�al�dysfunc�ti�on.12 All
es�tab�lis�hed�car�di�o�vas�cu�lar�risk�fac�tors�inc�lu�ding
age�ing,�smo�king,�hyper�ten�si�on�and�dysli�pi�de�mi�a
are�as�so�ci�a�ted�with�high�vWF�le�vels.8,13,14�Pa�ti�ents
with�T2DM al�so�ha�ve�in�cre�a�sed�vWF�le�vels.8 In
ad�di�ti�on,�ele�va�ted�plas�ma�vWF�le�vels�of�co�me�be-
fo�re�and�is�a�sig�ni�fi�cant�de�ter�mi�nant�of�new�di�a�-
be�tes, in�de�pen�dent�of�ot�her�ma�jor�di�a�be�tes�risk
fac�tors�such�as�age,�physi�cal�inac�ti�vity,�obe�sity,�li�-
pid�and�blo�od�pres�su�re�ab�nor�ma�li�ti�es�and�IFG�or
IGT.15

Des�pi�te�the�ro�le�of�vWF�in�the�de�ve�lop�ment�of
T2DM�and�its�vas�cu�lar�comp�li�ca�ti�ons,�the�re�is�hardly
eno�ugh�da�ta�abo�ut�the�cir�cu�la�ting�vWF�le�vels�in�sub-
jects�with�pre�di�a�be�tes.�A�study per�for�med�in�the�el�-
derly� po�pu�la�ti�on� re�por�ted� high� vWF� le�vels� in
pa�ti�ents�with�IGT�whi�le�the�re�is�so�far�no�da�ta�in�pa-
ti�ents�with�IFG.16 Re�gar�ding�the�pre�vi�o�us�da�ta�abo�ut
the�pro�ba�bi�lity�of�in�cre�a�sed�CVD�risk�in�as�so�ci�a�ti�on
with�the�vWF�le�vels,�we�ai�med�to�se�arch�for�any�re-
la�ti�ons�hip�of�vWF�le�vels�with�the�pre�di�a�be�tic�sta�tes,
IFG�and�IGT,�in�sub�jects�fre�e�of�con�fo�un�ders�inc�lu�-
ding�me�di�ca�ti�ons,�me�ta�bo�lic�di�se�a�ses�and�any�ot�her
chro�nic�di�sor�der�ac�com�pa�ni�ed�with�inf�lam�ma�ti�on.

MA TE RI Al AND MET HODS

Sub�jectS

The�sub�jects�for�this�study�we�re�se�lec�ted�among�the
pa�ti�ents�who�we�re�re�fer�red�for�ro�u�ti�ne�an�nu�al�scre�-
e�ning�to�the�Gül�ha�ne�Out�pa�ti�ent�Cli�nics�of�In�ter�nal
Me�di�ci�ne�and�who�se�cur�rent�me�di�cal�si�tu�a�ti�ons�ne-
ces�si�ta�ted�oral�glu�co�se�to�le�ran�ce�test�(OGTT).�Ac-
cor�ding�to�the�re�sults�of�glu�co�se�to�le�ran�ce�test,�a
to�tal�num�ber�of�95�pre�di�a�be�tic�pa�ti�ents�(me�an�age=
47.1�±�6.9�ye�ars;�M/F=�56/39)�we�re�al�lo�ca�ted�as�IFG
(n=�47,�me�an�age=�46.55�±�6.6,�M/F=�28/19)�or�IGT
(n=�48,�me�an�age=�47.3�±�6.9,�M/F=�28/20),�con�sis�-
tent�with�the�cri�te�ri�a�of�the�Ame�ri�can�Di�a�be�tes�As-
so�ci�a�ti�on.17� All� the� pa�ti�ents� had� nor�mal� blo�od
pres�su�res�wit�ho�ut�any�evi�den�ce�of�re�nal,�he�pa�tic,
en�doc�ri�ne�or�al�ler�gic�di�se�a�ses.18 Al�so,�they�we�re�not
ta�king�any�me�di�ci�ne�inc�lu�ding�over�the�co�un�ters.
The�sub�jects�stan�ding�he�ight�and�body�we�ight�we�-
re�me�a�su�red�in�light�in�do�or�clot�hes�wit�ho�ut�sho�es.
Body�mass�in�dex�(BMI)�was�cal�cu�la�ted�as�we�ight
di�vi�ded�by�squ�a�red�he�ight�(kg/m2).

Fifty�eight�he�althy�vo�lun�te�ers�(me�an�age=�44.5
±�9.8�ye�ars;�M/F=�25/33)�we�re�en�rol�led�as�the�con-
trol�gro�up.�Age,�BMI�and�sex�dis�tri�bu�ti�on�of�the
con�trols�we�re�si�mi�lar�to�tho�se�of�the�pa�ti�ents.�Ro�-
u�ti�ne�physi�cal�and�la�bo�ra�tory�eva�lu�a�ti�ons�we�re�do�-
ne�to�as�cer�ta�in�that�they�had�no�acu�te�or�chro�nic
syste�mic�di�se�a�ses. The�pur�po�se�and�de�sign�of�the
study�we�re�exp�la�i�ned�to�all�pa�ti�ents�and�con�trols
and�in�for�med�con�sents�we�re�ob�ta�i�ned.�The�lo�cal�et�-
hic�com�mit�te�e�of�Gül�ha�ne�Me�di�cal�Scho�ol�ap�pro�-
ved�the�study�pro�to�col.
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OGTT�was�per�for�med�af�ter�10–12�h�of�over�night
fas�ting�by�in�ges�ting�75�g�of�oral�glu�co�se�lo�ad�over
a�2-min�pe�ri�od,�and�ob�ta�i�ning�blo�od�samp�les�at
ba�se�li�ne�and�2�h�af�ter�glu�co�se�lo�ad�for�plas�ma�glu-
co�se�me�a�su�re�ments.�The�pa�ti�ents�we�re�ins�truc�ted
not�to�res�trict�car�bohy�dra�te�in�ta�ke�in�the�we�ek
be�fo�re�the�test.�No�pa�ti�ent�had�any�acu�te�in�fec�ti�-
on�or�stress�du�ring�or�be�fo�re�the�pro�ce�du�re.�The
test�was�per�for�med�one�ti�me�to�all�the�pa�ti�ents�and
the�ones�who�we�re�eli�gib�le�for�the�study�and�who
ga�ve�con�sent�we�re�en�rol�led�for�furt�her�pro�ce�du�-
res.

The� blo�od� samp�les� we�re� col�lec�ted� bet�we�en
08:00�and�08:30�A.M.�af�ter�a�12�h�fas�ting. The�tu�bes
we�re�promptly�cen�tri�fu�ged,�and�the�plas�ma�was�se�-
pa�ra�ted�and�sto�red�at�-80°C.�All�plas�ma�samp�les�we�-
re�run�in�the�sa�me�as�say. Glu�co�se,�to�tal�cho�les�te�rol,
high� den�sity� li�pop�ro�te�in� (HDL)-cho�les�te�rol� and
trigl�yce�ri�de�(TG)�le�vels�we�re�me�a�su�red�by�the�en-
z�yma�tic�co�lo�ri�met�ric�met�hod�with�Oly�mpus�AU
600�au�to�analy�zer�using�re�a�gents�from�Oly�mpus�Di-
ag�nos�tics,�(GmbH,�Ham�burg,�Ger�many).�Low�den-
sity�li�pop�ro�te�in�(LDL)-cho�les�te�rol�was�cal�cu�la�ted
by�Fri�de�wald’s�for�mu�la.19 Se�rum�ba�sal�in�su�lin�le�vel
was�de�ter�mi�ned� in�dup�li�ca�te�by� the�co�a�ted� tu�be
met�hod� (DPC-USA). vWF� le�vel� was� me�a�su�red
using�a�com�mer�ci�ally�ava�i�lab�le�enz�yme-lin�ked�im-
mu�no�sor�bent�as�say�kit�(Tech�noc�lo�ne,�Sur�rey�UK).

All�as�says�we�re�per�for�med�in�dup�li�ca�te. In�su�lin�sen-
si�ti�vity�was�de�ter�mi�ned�by�Ho�me�os�ta�sis�Mo�del�As-
sess�ment� Mo�del� (HO�MA)� in�dex� with� for�mu�la:
HO�MA-IR=�Fas�ting�in�su�lin�(µU/mL)�x�Fas�ting�glu-
co�se�(mg/dL)/405.20 Low�HO�MA-IR�va�lu�es�in�di�ca�-
te�high�in�su�lin�sen�si�ti�vity,�whe�re�as�high�HO�MA
va�lu�es�in�di�ca�te�low�in�su�lin�sen�si�ti�vity�(in�su�lin�re�sis�-
tan�ce).

Sta�tis�ti�cal�analy�sis

The�dis�tri�bu�ti�on�cha�rac�te�ris�tics�of�the�va�ri�ab�les�we�-
re� eva�lu�a�ted� by� Kol�mo�go�rov-Smir�nov� Test� and
then�Le�ve�ne’s�test�was�used�to�de�ter�mi�ne�the�ho-
mo�ge�ne�ity�of�va�ri�an�ce.�The�dif�fe�ren�ces�bet�we�en
the�pa�ra�me�ters�we�re�me�a�su�red�by�Chi-Squ�a�re�and
in�de�pen�dent�samp�les�T�test�whe�re�ne�ces�sary.�The
as�so�ci�a�ti�on�bet�we�en�vWF�and�HO�MA�or�the�li�pid
pa�ra�me�ters�we�re�in�ves�ti�ga�ted�by�Pe�ar�son’s�cor�re�la�-
ti�on�test.�All�va�lu�es�we�re�ex�pres�sed�as�me�an�±�SD.
p<�0.05�was�ac�cep�ted�as�sta�tis�ti�cally�sig�ni�fi�cant.

RE SUlTS

The�cha�rac�te�ris�tics�of�the�pa�ti�ents�and�the�con�trols
are�gi�ven�in�Tab�le�1.�No�dif�fe�ren�ce�bet�we�en�the
sub�jects�with�IFG�and�IGT�we�re�es�tab�lis�hed�as�re-
gards�to�age,�gen�der,�BMI, fas�ting�glu�co�se,�in�su�lin,
HO�MA,�li�pid�pa�ra�me�ters�and�the�vWF�le�vels.�Pa�ti�-
ents�with�IFG�or�IGT�had�sig�ni�fi�cantly�hig�her�le�v-
els�of�vWF,�FPG,�in�su�lin,�HO�MA,�to�tal�cho�les�te�rol

IGT (n= 48) IFG (n= 47) Control (n= 58) p1 p2

Age (years) 47.3± 6.9 46.55 ± 6.6 44.55 ± 9.8 0.1 0.2

BMI (kg/m2) 28.1 ± 2.8 28.0 ± 2.76 28.2 ± 4.1 0.8 0.7

Gender (m/f) 28/20 28/19 25/33 0.1† 0.1†

FPG (mg/dl) 113.1±7.9 111.2 ± 9.7 90.9 ± 6.4 < 0.001 < 0.001

Insulin (μU/ml) 7.4 ± 4.2 7.7 ± 5.7 5.1 ± 3.6 0.003 0.008

TC (mg/dl) 212.3 ± 39.1 211.5 ± 40.6 195.3 ± 37.6 0.02 0.03

lDl Chol. (mg/dl) 127.9 ± 34.1 130.2 ± 34.3 117.1 ± 34.2 0.1 0.05

TG (mg(dl) 153.4 ± 76.5 162.1 ± 93.8 113.8 ± 55.9 0.003 0.002

HDl (mg/dl) 50.4 ± 8.3 50.3 ± 16.2 50.4 ± 10.3 0.9 0.9

HOMA-IR 2.1 ± 1.2 2.1 ± 1.7 1.1 ± 0.8 < 0.001 < 0.001

vWF (IU/dl) 117.3 ± 36.5 117.2 ± 35.5 100.1 ± 41.9 0.03 0.03

TABLE 1: The comparison of the parameters of the IFG, IGT and the control subjects. 

p1: IGT vs. control, p2: IFG vs. control (Independent samples t-test), † Chi-Square (mean ± SD).

BMI: Body Mass Index, FPG: Fasting Blood Glucose, TC: Total cholesterol, HOMA-IR: Homeostasis model assessment of insulin resistance.
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and�TGs�when�com�pa�red�to�tho�se�of�the�con�trol
sub�jects.�The�re�we�re�no�cor�re�la�ti�ons�bet�we�en�the
vWF�le�vels�and�the�ot�her�pa�ra�me�ters�in�eit�her�gro�-
up.�

DIS CUS SI ON

Di�a�be�tes�is�a�well�known�risk�fac�tor�for�at�he�rosc�le�-
ro�tic�car�di�o�vas�cu�lar�di�se�a�ses.1,2,21,22�Epi�de�mi�o�lo�gic
evi�den�ce�sug�gests�that�the�re�la�ti�ons�hip�bet�we�en�di-
a�be�tes�and�car�di�o�vas�cu�lar�di�se�a�se�be�gins�ear�li�er�in
the�prog�res�si�on�from�nor�mal�glu�co�se�to�le�ran�ce�to
T2DM and�is�as�so�ci�a�ted�with�in�su�lin�re�sis�tan�ce.8

Hen�ce,�the�re�is�a�re�la�ti�ons�hip�bet�we�en�du�ra�ti�on�of
the�pre�di�a�be�tic�sta�te�and�car�di�o�vas�cu�lar�risk,�which
in�cre�a�ses�du�ring�prog�res�si�on�to�overt�di�a�be�tes.21,22

In�su�lin�re�sis�tan�ce�and�chro�nic�subc�li�ni�cal�inf�lam�-
ma�ti�on�are�well-de�fi�ned�risk�fac�tors�for�at�he�rosc�-
le�ro�sis� and� car�di�o�vas�cu�lar� di�se�a�se.23-26� Ho�we�ver
the�se� fac�tors� alo�ne� can�not� to�tally� elu�ci�da�te� the
mec�ha�nism�of�the�in�cre�a�sed�car�di�o�vas�cu�lar�events
in�pre�di�a�be�tic�sub�jects.�

En�dot�he�li�al�dysfunc�ti�on�and�subc�li�ni�cal�inf�-
lam�ma�ti�on�is�the�pro�mi�nent�mec�ha�nism�which�is
tho�ught�to�ha�ve�ro�le�in�the�pat�ho�ge�ne�sis�of�car�di�o�-
vas�cu�lar� events� in� the� dis�re�a�se� sta�tes� as�so�ci�a�ted
with�in�su�lin�re�sis�tan�ce.27 The�vas�cu�lar�en�dot�he�li�-
um�is�in�vol�ved�in�the�pro�duc�ti�on�of�many�im�por�-
tant� subs�tan�ces� which� are� im�por�tant� in� the
car�di�o�vas�cu�lar�pat�hoph�ysi�o�logy.�One� such� subs�-
tan�ce�is�vWF�which�is�synthe�si�zed�by�and�sto�red�in
en�dot�he�li�al�cells.11�When�re�le�a�sed�vWF�ap�pe�ars�to
me�di�a�te�pla�te�let�ag�gre�ga�ti�on�and�ad�he�si�on.�The�pri-
mary�physi�o�lo�gic�func�ti�on�of�vWF�is�to�ma�in�ta�in
ho�me�os�ta�tic�ba�lan�ce�in�the�vas�cu�la�tu�re.11 Be�ca�u�se
the�en�dot�he�li�um�is�a�pri�mary�so�ur�ce�of�vWF,�ele�-
va�ted�le�vels�are�rep�re�sen�ta�ti�ve�for�en�dot�he�li�al�dys-
func�ti�on.12 High�vWF�le�vels�ha�ve�be�en�shown�in
pa�ti�ents�with�risk�fac�tors�for�isc�he�mic�he�art�di�se�a�-
se� and� pe�rip�he�ral� vas�cu�lar� di�se�a�se.13,14� Ele�va�ted
vWF�le�vels�we�re�shown�in�pa�ti�ents�with�T2DM�as
well.8�It�has�be�en�shown�that�vWF�ele�va�ti�on�is�a�de-
ter�mi�nant�of�the�de�ve�lop�ment�of�T2DM�in�de�pen�-
dent� of� ot�her� risk� fac�tors.15� The� re�sults� of� the
pre�sent�study�show�hig�her�plas�ma�vWF�le�vels�in
pa�ti�ents�with�pre�di�a�be�tes�when�com�pa�red�to�he�-
althy�con�trols.�The�vWF�le�vels�we�re�hig�her�both

in�pa�ti�ents�with�IGT�and�in�pa�ti�ents�with�IFG.�El-
e�va�ted�vWF�le�vels�in�pa�ti�ents�with�IGT�we�re�re-
por�ted�pre�vi�o�usly.16 Ho�we�ver,�high�vWF�in�IFG�is
a�no�vel�fin�ding�that�may�imp�li�ca�te�that�the�en�dot�-
he�li�al�func�ti�ons�are�im�pa�i�red�in�the�very�early�sta�-
ges�be�fo�re�the�oc�cur�ren�ce�of�T2DM.�This�da�ta�is
al�so�sug�ges�ti�ve�of�anot�her�li�kely�mec�ha�nism�that
plays�ro�le� in�the�de�ve�lop�ment�of�at�he�rosc�le�ro�tic
events�in�pa�ti�ents�with�pre�di�a�be�tes.�

Both�IFG�and�IGT�rep�re�sent�in�ter�me�di�a�te�me�-
ta�bo�lic�sta�tes�bet�we�en�nor�mal�and�di�a�be�tic�glu�co�-
se� ho�me�os�ta�sis.� The�se� two� ca�te�go�ri�es� not� only
iden�tify�in�di�vi�du�als�at�risk�for�di�a�be�tes,�but�al�so
(es�pe�ci�ally�IGT)�pre�dict�car�di�o�vas�cu�lar�di�se�a�se�and
mor�ta�lity.6-9 The�se�two�me�a�su�res�are�re�por�ted�to
de�fi�ne�dif�fe�rent�po�pu�la�ti�ons.5 The�da�ta�is�sup�por�ti�-
ve�for�IGT�to�be�co�me�a�risk�fac�tor�for�car�di�o�vas�cu�-
lar�di�se�a�se.6,28�Ho�we�ver,�the�re�ports�for�IFG�are�not
cle�ar.7-9�Al�so,�the�re�has�be�en�so�me�di�sag�re�e�ment
abo�ut�which�one�is�the�best�me�ans�of�iden�tif�ying
at-risk�po�pu�la�ti�ons,�whet�her�they�cha�rac�te�ri�ze�the
sa�me�deg�re�e�of�risk,�and�whet�her�IFG�and�IGT�rep-
re�sent�ma�ni�fes�ta�ti�ons�of�the�sa�me�pro�cess�or�fun�da-
men�tally�dif�fe�rent�mec�ha�nisms.26,27�Al�so,�it�must�be
sta�ted�that�the�imp�li�ca�ti�on�abo�ut�the�pre�sen�ce�of
any�risk�in�a�pre�di�a�be�tic�ca�se�de�pends�on�the�pa�ra�-
me�ter�un�der�in�ves�ti�ga�ti�on.�Re�cently�we�re�por�ted
that�we�did�not�es�tab�lish�any�al�te�ra�ti�on�in�the�plas�-
ma�P-se�lec�tin�le�vels�and�pla�te�let�ag�re�ga�ti�on�stu�di�-
es31 in�pa�ti�ents�with�pre�di�a�be�tes.30 Ac�cor�ding�to
the�da�ta�of�the�pre�sent�study,�both�iso�la�ted�IFG�and
iso�la�ted�IGT�ha�ve�si�mi�lar�fe�a�tu�res.�The�sub�jects�in
both�ca�te�go�ri�es�did�not�dif�fer�with�re�gard�to�age,
BMI,� sex,�HbA1c,� blo�od� li�pids,� smo�king�ha�bits,
blo�od�pres�su�re,�in�su�lin�sen�si�ti�vity�and�vWF�le�vels.
The�pre�sen�ce�of�si�mi�lar vWF�le�vels�in�both�gro�ups
imp�li�ca�tes�that�ele�va�ted�vWF�may�be�an�early�fin�-
ding�of�pre�di�a�be�tes�which�is�se�en�both�in�IFG�and
IGT.�

This�study,�ho�we�ver,�has�se�ve�ral�li�mi�ta�ti�ons.
The�samp�le�si�ze�was�small�be�ca�u�se�of�the�nar�row
se�lec�ti�on�cri�te�ri�a.�Hen�ce,�our�da�ta�may�not�be�rep-
re�sen�ta�ti�ve�for�all�sub�jects�with�pre�di�a�be�tes.�Ho�w-
e�ver,�the�ab�nor�ma�li�ti�es�in�glu�co�se�me�ta�bo�lism�are
fre�qu�ently�ac�com�pa�ni�ed�by�so�me�ot�her�di�sor�ders
which�can�po�ten�ti�ally�af�fect�en�dot�he�li�al�res�pon�ses
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as�well�as�pla�te�let�func�ti�ons.�The�re�fo�re,�inc�lu�ding
only�the�sub�jects�fre�e�from�any�as�so�ci�a�te�di�sor�der
for�in�cre�a�sed�vWF�is�a�strong�fe�a�tu�re�of�the�pre�sent
study.�It�is�al�so�im�pe�ra�ti�ve�to�men�ti�on�that�the�HO�-
MA�for�mu�la�used�for�the�me�a�su�re�ment�of�in�su�lin
sen�si�ti�vity�is�only�an�es�ti�ma�te�and�may�not�be�as�ac-
cu�ra�te�as�glu�co�se�clamp�test.

In�conc�lu�si�on,�the�re�sults�of�the�pre�sent�study
show�that�the�vWF�le�vels�are�ele�va�ted�in�pa�ti�ents
with�IGT�and�IFG.�No�sig�ni�fi�cant�dif�fe�ren�ce�bet�-
we�en�the�pa�ra�me�ters�of�the�se�two�sta�tes�of�pre�di�a�-
be�tes,�inc�lu�ding�the�HO�MA�and�vWF�le�vels,�was

es�tab�lis�hed.�The�ele�va�ted�vWF�le�vels�in�IFG�may
be�an�early�fin�ding�of�en�dot�he�li�al�dysfunc�ti�on�in
pa�ti�ents�with�pre�di�a�be�tes.�Fu�tu�re�pros�pec�ti�ve�stu�d-
i�es�may�ha�ve�the�po�ten�ti�al�to�high�light�the�im�por�-
tan�ce� of� IFG� as� a� po�ten�ti�al� car�di�o�vas�cu�lar� risk
fac�tor.�
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