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Summary

Increased von  Willebrand factor (vWF) and thrombo-
modulin (TM) levels were reported in diabetic patients and this
may be associated with endothelial cell dysfunction, abnormal
platelet adhesiveness and aggregation. In this study, we deter-
mined plasma TM and vWF concentrations in Type 2 diabetic
patients with and without retinopathy and investigated the ef-

fects of metabolic regulation on these parameters.

TM and vWF levels were determined in 26 diabetic pa-
tients (13 female, 13 male; age 52.6+8.9years; the duration of
diabetes  7.9+6.7  years). had  background
retinopathy and 14 patients had no retinopathy. Sixteen pa-
tients had good metabolic control (HbAlc<8 %) after 3
months of antihyperglycemic therapy.  The control group con-

Twelve  patients

sisted of23 sex, age matched healthy subjects. Plasma TM and
vWF concentrations were measured by ELISA.

No statistically significant differences could be found in
vWF and TM levels between control and diabetics. Good meta-
bolic control had no effect on vWF and TM levels. There is no
any statistically significant effect of retinopathy on vWF and
TM levels. There was no correlation between vWF, TM, HbAlc

levels and duration of diabetes mellitus.

This study showed that TM and vWF levels weren't differ-
ent between control and diabetic patients with or without
retinopathy, and there was not any effect ofmetabolic control on
TM and vWF levels. Discordant results between our research and
others may be due to age, duration ofdiabetes mellitus, degree of
microvascular complications, different therapies, serum lipid lev-
els, mono-unsaturated fat and carbohydrate intake, smoking and
HLA antigens, that may all affect vIVF and TM levels.
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Ozet
Diabetik  hastalarda  von Willebrand  faktor ~ (VWF)  ve
trombomodulin (T™M] diizeylerinde artislar bildirilmigtir. Bu
durum  endolel  hiicre  disfonksiyonu,  anormal platelet ad-

hezivitesi ve agregasyonu ile iliskili olabilir. Biz bu ¢alismada
retinopatisi olan ve olmayan Tip 2 Diabetes mellitus'lu hasta-
larda plasma TM ve vWF diizeylerini ve metabolik kontroliin

bu parametreler iizerine etkisini arastirdik.

TM ve vWF diizeyleri 26 diabetik hastada degerlendiril-
di (13 kadin, 13 erkek; yas 52.6+8.9 yil; diabet siiresi 7.9+6.7
wvil). On iki hastada zemin diabetik retinopati mevcuttu. On
dort hastada  retinopati tespit edilmedi. Us aylik antihiper-
glisemik tedavi sonrast iyi metabolik kontrol (HbAlc< %8) 16
hastada saglandi. Kontrol grubu olarak 23 cins ve yas uyumlu
saghkli  kisi  alndi.  Plasma TM ve VvWF diizeyleri ELISA ile
olciildii.

Kontrol grubu ve hastalar arasinda plasma \>WF ve TM
seviyeleri arasinda anlamli fark yoktu. Iyi metabolik kontrol
vWF ve TM diizeylerini etkilemedi. Retinopatisi olan ve ol-
mayan  hastalar arasinda vWF ve TM diizeyleri farkli  degildi.
VWF, TM diizeyleri ile HbA Ic ve diabet siiresi arasinda kore-

lasyon  bulunmadi.

Bu ¢alisma plasma vWF ve TM diizeylerinin  retinopatisi
olan ve olmayan diabetik hastalar ile diabetik hastalar ve kon-

troller  arasinda  farkl olmadigini;  ayrica  metabolik  kontroliin

bu  parametreler tizerine etkisinin olmadigim gostermistir.

Bizim calismamiz ve literatiirdeki diger calismalarin

sonuglarimin - uyugmamast  hastalar arasinda  yas,  diabet siiresi,

milcrovaskiiler  komplikasyonlarin  derecesi, tedaviler, lipid

diizeyleri,  mono-uusatiire yag ve karbohidrat alimi,  sigara  igi-
mi, HLA antijenleri gibi plasma vWF ve TM diizeylerini etk-

ileyebilen  faktorlerin olmasi ile  agiklanabilir.

Anahtar Kelimeler: Tip 2 Diabetes Mellitus,
von VVillcbrand Faktor, Trombomodulin,
Retinopati, Metabolik kontrol
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The most important part of the vascular system
is endothelium, which regulates the function of the
vascular smooth muscle and platelets. Endothelial
dysfunction may be associated with multiple alter-
ations of coagulation in diabetic patients (1).

Von Willebrand factor (vWF) is a complex
glycoprotein synthesized by vascular endothelial
.ells and megakaryocytes. It is deposited in these
cells, platelet alfa granules and subendothelium (2).

Thrombomodulin (TM), the membrane glyco-
protein existing on the vascular endothelial cell sur-
face, plays an important role as a cofactor in the
(hrombin-catalyzcd activation of protein C (3). In
addition, TM is found to inhibit the procoagulant
activities of thrombin and also inhibits factor Xa
activity in the prothrombinase complex (4). Thus,
TM converts thrombin from a procoagulant pro-
tease to an anticoagulant and acts as a regulator of
intravascular coagulation.

Increased vWF and TM levels were reported in
diabetic patients that may be associated with en-
dothelial cell dysfunction, abnormal platelet adhe-
siveness and aggregation (5-12). In this study, we
determined plasma TM and vWF concentrations in
diabetic patients with and without retinopathy and
investigated the effects of metabolic regulation on
these parameters.

Subjects and Methods

Plasma antigenic TM and vWF levels were de-
tennined in 26 diabetic patients with poor metabol-
ic control (HbA 10O 8%) (Table 1). The mean age
was 52.6+8.9 years and the duration of diabetes
was 7.9+6.7 years (mean+SD). Thirteen patients
were female, 13 were male. The patients did not
suffer from major cardiovascular, hepatic and renal
disease or malignancy; did not have a history of
thromboembolism and had not taken any drug that
could affect hemostatic parameters. Four patients
were on diet only, 3 on insulin, and 19 on oral an-
tidiabetics. Fundoscopic examination ofall patients
were made by an ophtalmologist. Twelve patients
had background retinopathy (R +) and 14 patients
had no retinopathy (R -). Sixteen patiens had good
metabolic control (HbAlc < 8%) after 3 months of
antihyperglycemic therapy. The control group con-
sisted of 23 sex, age and body mass index matched
healthy subjects. The design of the study was ex-
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Table 1. Clinical characteristics and laboratory da-
ta of the control group and diabetic patients

Type 2 Control

Diabetic Patients Group

n 26 23

Sex (M/F) 13/13 13/10

Age (year) 52.6 £ 8.9 47.5 + 11.9
BMI(kg/m*)* 26 £4.5 26.2 £3.3
Duration of Diabetes (year) 7.9 £6.7 -

HbAlc (%)** 122 £2.1 5.4 £0.6
Retinopathy (+/-) 12/14 -

*BMI =Body Mass Index ,

All results are given as meantSD

** p<0.0001 patients vs controls.

plained and informed consent was obtained from
all subjects.

Study Design

Baseline blood samples were obtained from di-
abetic patients who had poor glycaemic control.
Then, therapeutic regimens of the patients were re-
viewed and diet, physical activity, oral antidiabetics
or insulin doses were adjusted according to weekly
fasting and postprandial 2 hours blood glucose lev-
els. Oral antidiabetic agent was started to 4 patients
on diet, and conventional insulin treatment was
switch to oral andiabetics on 2 patients. After three
months, good glycemic control (HbA, <8%) was
achieved in 16 patients; whereas 5 patients re-
mained in poor glycaemic control (HbA|. >8%).
Five patients dropped out from the study.

Blood Collection and Laboratory Methods

All blood samples were obtained between 8
am. and 10 a.m. after an overnight fasting. Blood
samples were obtained with a 19 gauge needle from
an antecubital vein without using a tourniquet and
the first 5 ml ofblood was not used for assay of TM
and vVWF to overcome the confounding effect of
veinpuncture-induced coagulation activation.
Blood samples were drawn into plastic tubes con-
taining 3.8% sodium citrate. The tubes were imme-
diately placed in an ice bath and centrifuged at
2500 g at 4°C for 15 minutes. The supernatant
platelet poor plasma was aliquated and stored at -
80°C.
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TM and vWF concentrations in plasma were
measured by ELISA (Asserachrom Thrombomo-
dulin and Asserachrom vWF, Diagnostica Stago,
Asnieres, France, respectively).

HbA,. was measured by ion-exchange micro-
column method (Eagle Diagnostics Glycohemo-
globin. Eagle Diagnostics, DeSoto, Texas, USA).

Statistical Methods

All results normally distrubuted. So, Student's
t test and paired sampled ttest was used for
comparison of the groups. Pearson correlation was
performed for correlation parameters, p values
<0.05 were considered statistically significant.
All values were given as mean + standart devia-
tion.

Results

Table 1 shows the clinical characteristics and
laboratory data of the diabetic patients and control
groups. No statistically significant differences
could be found in vWF and TM levels between
control and diabetic groups (Table 2). Good meta-
bolic control (HbA, <8%) had no effect on vWF
and TM levels in 16 diabetic patients (p>0.05)
(Table 3). No statistically significant difference
could be demonstrated between VW F and TM lev-
els between patients with good and poor metabolic
control (p>0.05) (Table 4). At the follow-up inves-
tigation baseline vWF and TM levels were not sta-
tistically different between R(-) and R(+) groups
(p>0.05) (Table 5). There was no correlation be-
tween vVWF, TM, HbAlc levels and duration ofdi-
abetes mellitus.

Discussion

In diabetes mellitus, microvascular dysfunc-
tion and coagulation system abnormalities result in
high morbidity and mortality (13,14). Vascular en-
dothelium is intimately involved in the mainte-
nance of blood fluidity, modulation of the coagula-
tion and fibrinolytic systems, regulation of vascular
permeability and vessel tone, and synthesis of gly-
cosaminoglycans, von Willebrand factor, thrombo-
modulin, growth factors, and subcndothelial matrix
components. Disturbance of endothelial cell func-
tion represents a central position in the pathogene-
sis of atherosclerosis and diabetic vascular disease,
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Table 2. Baseline plasma vWF and TM levels of
the type 2 diabetic patients and control group

Diabetic Control

Patients Group
TM (ng/mL)* 42.8+16.9 50.6+£27.0
VWEF (%)* 1.11+£0.19 1.05+0.19

*»>0.05, patients vs controls. Results are given as mean+SD

Table 3. Baseline and after 3 months plasma vWF
and TM levels of patients with good metabolic
control (n=16)

Baseline After 3 months
TM (ng/mL)* 48.25+18.61 48.40+17.86
VWF (%)* 1.11+£0.17 1.U0.15
HbA,. (%)** 12.1£2.8 6.7+0.8

*»>0.05, **p< 0.0001, baseline vs after 3 months. Results are

given as mean+SD

Table 4. Plasma vWF and TM levels in patients
with good (HbA, ,<8%) and POOR (HbA,>8 %)
metabolic control at the end of 3. months

POOR (n=5) GOOD (n=16)
TM (ng/mL)* 34.80+6.88 48.40+17.86
VWF (%)* 1.11i0.21 1.10+0.15
HbA|. (%)** 9.040.6 6.7+ 0.8

*0>0.05, **p<0.0001 poor vs good metabolic control. Results

are given as meantSD

Table S. Baseline TM and vWF levels in patients
with (R +) and without (R -) retinopathy

R(+)(n=12) R(-) (0=14)
TM (ng/mL)* 52.5+24.55 39.84+10.17
VWF (%)* 1.15+0.17 1.08=1=0.18
HbA  (%)* 112=1=1 5 12.7*%3.2

*» > 0.05, retinopathy (+) vs (-) patients. Results are given as
mean+SD
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nd Tty ArerrreeA non-enzymatic protein gly-
.tion or action of lipid peroxides. Parameters that
show microvascular and macrovascular diseases
(15) could be shown early before the process. New
..rieters that show early microvascular dysfunc-
tion may be useful to switch to more appropriate
therapy f°' diabetes mellitus. Some authors suggest
.]..1 an increase of TM and vWF levels may reflect
E ly endothelial damage.

Although TM and vWF levels were found to
5c elevated in diabetics in most papers (5,14,16-
?5 15,26-28), there were a few studies which found
no diff " °f these parameters in diabetics and
controls (29). Also some papers report that the de-
gree of retinopathy, neuropathy, nephropathy and
metabolic regulation may (1,30-45), or may not
(20,46-48) affect TM and vWF levels. In Type I di-
abetic patients Jensen and co-workers (49) found
elevated levels of vVWF only in patients with mic-
roalbuminuria and frank albuminuria, but not in the
nornioalbuminuric group.

This study showed that TM and vWF levels
weren't different between controls and diabetic pa-
tients; and there was not any effect of metabolic
control and background retinopathy on TM and
vWF. Plasma TM concentration did not correlate
with vWF level.

Discordant results between our research and
others may be due to age, mono-unsaturatcd fat and
carbohydrate intake; duration of diabetes mellitus,
degree of microvascular complications, different
therapies, serum lipid levels, smoking and HL A
antigens, that may all affect vWF and TM levels
(50,51).
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