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Introduction .. Vascular endothelial growth factor (VEGF) is probably involved in the 

pathogenesiss of endothelial dysfunction occurring in diabetes mellitus. A relation has 

beenn reported between microvascular complications and serum (or plasma) VEGF levels, 

VEGFF concentrations measured in serum are higher than in plasma probably due to 

releasee by platelets during coagulation and may not reflect actual circulating levels. The 

aimm of the present study was to evaluate if 1. circulating VEGF levels are even lower 

inn platelet pcxir plasma (to which PECT was added to inhibit artificial platelet activation) 

thann in citrate plasma. 2. VEGF concentrations correlate with glycemic control and the 

degreee of retinopathy (RP) and/or nephropathy (NP) 3. VEGF correlate with plasma 

TT levels. Methods. A cross sectional cohort consisting of twenty one healthy subjects 

(Groupp I) and 64 consecutive patients with type 1 diabetes mellitus with (+) or without 

(-jj  RP and/or NP, group II: RP -, NP -. n=21, Group III : RP +. NP -, n=25 and Group 

IV:RPP +. NP +, n= 18 was studied. Potential determinants of VEGF were noted, and 

fastingg blood and 24 hr urine specimens were collected. Results In PECT plasma. 

VEGFF levels are invariably low. in both non-diabetic and diabetic subjects (6.1  9.4 

versuss 6.1  9.5 pg/ml, mean  SD). VEGFcn K M t concentrations are significantly higher 

inn diabetic patients than in controls (16.5  12.0 pg/ml versus 10.4 + 4.9. p=().03), and 

correlatee directly with HbA, (r=0.40. p<0.000). fasting glucose levels (r=0.31, rxO.tXW), 

vWFF (r=0.35. p<0.002). PF4(.1TRAIH 0-0.32, p<0.005). DR grade 0-0.29, p<0.(X)7) 

andd previous retinal photocoagulation (r=0.34. p<0.003). Multiple linear regression 

analysiss showed that only PF4(.n.Rvn_ and HbAK are independent predictors of 

VEGFF .,.. The prevalence of autoimmune thyroid disease (AITD)) in the diabetic 

patientss is MY/c. three times higher than in the controls. The relation between T,. FfbAk. 

vWF.. VEGF and platelet activation markers was analysed in all subjects, except 

thosee with AITD. T, values gradually decrease per category (p<0.001) and show an 

inversee relationship with glycosylated hemoglobin (r= -0.43. p=0.001) and vWF (r= -

0.37.. p=0.(XW). T, concentrations do not correlate with VEGF( ITRAT1. (r= -0.18. p=0.17). 

BTGG (r= -0.02. p=().86) or PF4nTKVn. (r= -0.12. p=0.38). Conclusion. VEGFp | r| 

concentrationss are lower than VEGF,.,...„,,,.. Hiaher VEGF,.....,...... concentrations are 
tt 1 I KA J I" —̂ y I I K.AI L 

probablyy due to an ex vivo release by platelets, which is facilitated by the diabetic state. 

VEGFF x] r levels correlate with HbAt and with the existence of diabetic retinopathy. 

Thee prevalence of AITD among patients with type 1 diabetes mellitus is three times as 

highh as in the controls. Serum T, is inversely related to HbAK and vWF. probably as a 

reflectionn of nonthyroidal illness in diabetes. A relation between T, and VEGF( ]TR U[ is 

nott present. 
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INTRODUCTION N 

Endotheliall  dysfunction occurs in type 1 diabetes mellitus. even before microvascular 

orr macrovascular angiopathy becomes clinically manifest.1 It is characterised by increased 

vascularr permeability and elevated levels of endothelium derived proteins like von 

Willebrandd factor (vWF). Endothelial dysfunction is related to glyeaemic control (HbA .). 

thee most important risk factor for diabetic angiopathies.2 

Vascularr endothelial growth factor-A (VEGF) is a potent angiogenic cytokine, released 

byy tumor cells, hypoxic cells and activated platelets/-4 It increases vascular permeability 

inn vivo and stimulates endothelial cells in vitro, leading to release of the same proteins as 

aree elevated in vivo in diabetic endothelial dysfunction.' VEGF may therefore play an 

importantt role in the pathogenesis of endothelial dysfunction in diabetes mellitus. 

Studiess comparing serum levels of VEGF between controls and different groups of 

diabeticss have yielded conflicting results. One study found no difference between controls 

andd diabetic patients without complications.'1 In other studies VEGF levels in diabetics 

withh proliferative retinopathy were equal7 s or higherl> than in those without proliferative 

retinopathy,, but did not correlate with HbAk.. In diabetic patients with nephropathy 

higherr serum and plasma VEGF levels were reported than in those without nephropathy, 

whichh correlated with urinary albumin excretion.84 Smoking increased VEGF 

concentrationss as did hypertension.*-1" 

Serumm contains higher levels of VEGF than (EDTA) plasma probably due to activation 

off  platelets during clotting.4" Therefore. VEGF levels measured in serum may not 

reflectt the actual circulating concentrations. When VEGF is measured in plasma, artifical 

exx vivo platelet activation due to blood collection can be inhibited by using anticoagulants 

too which a mixture of prostaglandin E  ̂and theophylline is added (e.g. PECT). When 

measuredd in PECT plasma actual circulating levels of plasma VEGF might be lower 

thann previously reported. 

Thee endothelium might be a triiodothyronine (T ) sensitive tissue as it contains , T, 

receptors.122 The serum concentrations of several endothelial hormones depend in part 

onn the prevailing circulating thyroid hormones levels as reported for endothelin-1 '' and 

vWFF .l 4 VEGF may be another T, regulated endothelial hormone. Plasma T, 

concentrationss in type 1 diabetes mellitus can be decreased as part of the non-thyroidal 

illnesss (NTI) syndrome '5; the extent of the decrease of serum T, depends on the severity 

off  the metabolic dysregulation. Besides, among patients with type 1 diabetes mellitus the 

co-existencee of autoimmune thyroid disease (AITD) can be expected, leading to hypo-

orr hyperthyroidism. For this reasons the relationship between T, and VEGF in a random 
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cohortt of patients is difficult to predict, depending on the degree of NTI and prevalence 

off  AITD. 

Wee hypothesized that 1. circulating VEGF levels might be lower in PECT than in 

citratee plasma. 2. VEGF concentrations correlated with the degree of microvascular 

complicationss (retinopathy and/or nephropathy) and 3. VEGF correlated with plasma T, 

levels.. The relationship between VEGF concentrations, microvascular complications 

andd thyroid function was studied in a cross sectional cohort, including healthy control 

subjectss and patients with type 1 diabetes mellitus with different degrees of microvascular 

complications. . 

PATIENTSS AND METHODS 

Patients s 

Twentyy one healthy subjects (Group I) and 64 consecutive patients with type 1 diabetes 

mellituss either without retinopathy and nephropathy (group II . n-21), with retinopathy 

butt without nephropathy (Group III , n-25) or with both retinopathy and nephropathy 

(Groupp IV. n=18) participated in the study. Retinopathy was defined according to the 

definitionss of the Early Treatment Diabetic Retinopathy Study Research Group l6; 

nephropathyy was defined as albuminuria > 30 mg/24 hour, not explained by other causes 

thann diabetes mellitus. The study was approved by the Medical Ethical Committee of 

ourr institute and patients gave their written informed consent. 

Afterr an overnight fast and abstaining from vigorous physical activity during the previous 

244 hours, patients presented at the out-patient clinic between 8.00 -10.00 hour, bringing 

theirr 24 hour urine collection for measurement of urinary creatinine and albumin excretion 

(UAE).. Demographic and relevant medical history data were recorded: age. sex. diabetes 

duration,, insulin dose, co-morbidity, medication and smoking habits. Blood pressure 

wass measured with a sphygmomanometer in the sittting position: the median of three 

successivee measurements was noted. Height and weight were measured. The degree of 

diabeticc retinopathy (DR) was scored by a single experienced ophtalmologist by 

fundoscopicc examination as no DR (A), non-proliferative DR (B). pre-proliferative DR 

(C)) or proliferative DR (D) and previous panretinal photocoagulation therapy was noted. 

Bloodd was collected by puncture of an antebrachial vein and stored at -70°C until 

analysis. . 

Autoimmunee thyroid disease was defined as the presence of autoantibodies against 
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thyroidd peroxidase (TPO-Ab> 100kU/L); subclinical hypothyroidism as increased thyroid 

stimulatingg hormone (TSH reference values 0.4-4.0 mU/L) in combination with normal 

freefree thyroxine levels (fT4 reference values 10-23 pmol/L); overt hypothyroidism as 

increasedd TSH in combination with decreased fT . 

Methods s 

Anticoagulants Anticoagulants 

Bloodd was collected using sodium heparin, citrate or PECT as anticoagulants dependent 

onn the assay. PECT medium (400 L per 4.5 mL polypropylene tube) contains equal 

volumee amounts of solutions A. B and C. A = prostaglandin E 282 nM in absolute 

ethanoll  with 1.9 mM Na,C03 in aqua dest; B = theophylline 30 mM in PBS; C = 270 

mMM Na,EDTA.2H,0. Platelet depleted PECT plasma was used to measure platelet 

factorr 4 (PF4), a marker for in vitro platelet activation and B-Thromboglobulin (BTG), a 

markerr for in vivo platelet activation. Care was taken to avoid artificial platelet and 

leukocytee activation, cooling blood samples by placing them on ice and preparing platelet 

depletedd plasma by spinning for 30 min at 2000 g within 1 hour after collection. PF4 

wass also mesured in citrate samples. 

MeasurementsMeasurements of metabolic markers 

Plasmaa creatinine: automated spectrophotometrical assay using creatininase (PAP); 

glucose:: automated spectrophotometrical assay using glucosedehydrogenase; glycated 

hemoglobinn (HbAk.): with HPLC. In 24 hour urine samples creatinine was measured by 

Jafféé method, albumin with an immunonephelometric assay and renal creatinin clearance 

wass calculated 

MeasurementsMeasurements of platelet activation markers 

Platelett count; automated optical scatter detection; von Willebrand factor antigen: 

sandwichh ELISA using rabbit anti human (Ra Hu) vWF (Dakopatts A082) and Ra Hu 

vWFF conjugated to HRP (Horse Radish Peroxidase. Dakopatts P226); platelet factor 4 

(PF4):: sandwich ELISA (Asserachrom B-TG, Diagnostica Stago, Roche); beta-

thromboglobulinn (beta-TG): sandwich ELISA (Asserachrom PF4, Boehringer Mannheim. 

Diagnosticaa Stago); VEGF; sandwich ELISA. R&D systems, intra-assay variation CV 

4.5-6.77 7c, inter assay variation CV 6.2-8.8 f/r. detection limit 1 pg/mL 

MeasurementsMeasurements of thyroid function 

Totall  plasma T4 and T, were measured by in house RIA methods. Free T4 was measured 

byy a two step FIA assay (DELFIA. Wallac. Turku. Finland). TSH by IFMA 
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(DELFIA.Wallac.. Turku. Finland). TPO-Ab were measured using a chemiluminescence 
immunoassayy (LUMI-test. Brahms. Berlin. Germany) 

StatisticalStatistical analysis 
Statisticall  analysis was performed with the computer program SPSS version 6.0. Values 

aree given as mean (SD). Differences between categories were analysed by ANOVA. 
Comparisonn of means for variables between non-diabetic and diabetic patient groups 
weree performed with Student's t test for unpaired data. Pearson's correlation coefficients 
weree calculated between VEGF concentrations and clinical indicators of microvascular 
complications,, markers of metabolic control, platelet activation and thyroid hormones. 
Forwardd multiple linear regression analysis was performed with VEGF C]TRXTl, as dependent 
andd those determinants which correlated in univariate analysis with p < 0.10 as independent 
variables.. With multiple comparisons the level of significance was set at p<0.01. 

RESULTS S 

Demographicc and clinical data are given in Table 1 according to the division in categories. 
Microvascularr complications were related to a longer duration of the diabetes and 
increasingg age. Systolic blood pressure and use of angiotensin converting enzyme inhibitors 
perr category increased with more microvascular complications. In Table 2. laboratory 
dataa are summarized. Metabolic control decreased with higher category numbers, indicated 

Tablee 1. Demographic and clinical parameters according to category. 

healthyy controls type 1 diabetes mellitus P (ANOVA) 
retinopathy-- retinopathy + retinopathy + 
nephropathyy - nephropathy - nephropathy + 

Catt 1 Cat 2 Cat 3 Cat 4 

NN (males) 
agee (yr) 

diabetess duration (vr) 
NN use ACE inhibitors 
NN use OAC 
NN smokers 

PP systolic (mmH«) 
PP diastolic (mniHn) 

21(11) ) 
29(23-44) ) 

0 0 
WY7<) WY7<) 
6(289h h 
5(24rr) ) 

1299  15 
788 9 

21(10) ) 
32(19-53) ) 

9.88 3 
2(92(9((Y<Y<) ) 

6(287f) ) 

7(33f r) ) 

6 6 
777 9 

25(14) ) 
42(26-58) ) 

25.22 8 
5(20Vf) ) 

14(56**) ) 
9(36fH H 

140++ 16 
822 7 

18(9) ) 
43(30-68) ) 

26.22 6 
14(78f7o o 
2(( 11 c'/() 

6(( 33<7, ) 

1 1 
822 9 

0.001 1 

0.001 1 
0.001 1 
0.066 6 
0.84 4 

0.003 3 
0.12 2 
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Tablee 2. Metabolic and platelet activation parameters according to category. 

glucosee (mmol/L) 
HbA,, (%) 
creatininee clearance (mL/min) 
albuminuriaa (mg/24 hr) 
vWF(%) ) 
thrombocytess (107L) 
VEGFF PECT (pg/mL) 
VEGFc |TRAT| :(pg/mL. . 
BTG(U/L) ) 
PF4(U/L) ) 

Catt 1 

4.7+0.6 6 
5.22 4 

2 2 
99 7 
777 8 
2633 7 
6.11 5 

9 9 
566 5 

9 9 

Catt 2 

10.88 5 
7.77 1 

8 8 
6 6 

900 9 
2511 5 
5.44 0 
14.9+10.7 7 
466 3 

7 7 

Catt 3 

13.11 5 
l l 

1255 6 

100 8 
1166 7 
2633 9 
5.0+6.7 7 
19.44 9 
366 8 
133 3 

Catt 4 

13.77 6 
l l 

999 2 
5844 0 
1200 6 
2777 9 
8.11 7 
14.33 8 
366 9 
122 6 

PP (ANOVA) 

0.001 1 
0.001 1 
0.003 3 
0.001 1 
0.001 1 
0.65 5 

0.76 6 
0.047 7 
0.12 2 
0.90 0 

byy both increasing fasting glucose levels and glycosylated hemoglobin values. Again, 

decreasingg creatinine clearance and increasing albuminuria and vWF reflected patient 

selectionn per category and endothelial dysfunction. 

Inn PECT plasma, VEGF levels were invariably low in both non-diabetic and diabetic 

subjectss (6.1  9.4 versus 6.1  9.5 pg/ml, mean  SD). VEGF did not correlate 

withh markers of metabolic control, endothelial dysfunction, in vivo or ex vivo platelet 

activation,, or diabetic retinopathy and nephropathy. In contrast, VEGFC 

concentrationss were significantly higher in diabetic patients compared to controls (16.5 

 12.0 pg/ml versus 10.4  4.9. mean  SD, p=0.03, figure 1) and positively correlated 

withh HbAk (r=().40. p<0.000). fasting glucose levels (r=0.31, p<0.004), vWF (r=0.35, 

p<0.002).. PF4crrRATE (r=0.32. p<0.005). DR grade (r=0.29. p<0.007) and previous retinal 

photocoagulationn (r=0.34, p<0.003), but showed no relation with VEGF T. platelet 

count,, smoking or blood pressure (figure 2). Multiple linear regression analysis indicated 

I I 
a a 

< < 
Ü Ü 

O O 
UJ J > > 

111111 -

600 -

50 0 

400 -

300 -

200 -

10 0 

r r 

7TT T 

pp = 003 ~i i 

4--

Figuree 1. Illustration of the distribution and 
meann VEGF C!TRATE levels (indicated by 
horizontall  lines) between healthy subjects 
(N=21)) and patients with type 1 diabetes 
mellituss (irrespective of the degree of metabolic 
controll  or presence of microvascular 
complications.. N=64). 

non-diabetics s 
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Figuree 2. Graphic representation of the relationship in both healthy subjects and patients with type l diabetes 
mellituss between VEGFcrrRATE levels and its putative determinants: glycated hemoglobin (HbA|(). platelet 
factorr 4 (PF4), von Willebrand Factor (vWF), fasting glucose, grade of diabetic retinopathy (DR). with A=no 
DR.. B=background DR. C=preproliferative DR. D=proliferative DR and previous treatment with panretinal 
laserr photocoagulation. 
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Tablee 3. Thyroid function tests for all study subjects, except those with positive TPO Ab. according to 
category. . 

N N 
TSH(mU/L) ) 
T4(nmol/L) ) 
T,U U 
FT4I I 

fT4(pmol/L) ) 
T,(nmol/L) ) 
FT,I I 

thatt only PF4( 

Catt 1 

19 9 
1.8+0.9 9 

4 4 
1 1 

0 0 
2 2 

5 5 
3 3 

|TRATi:andHbAk k 

equationn VEGF = -7.58 

Catt 2 

16 6 
1.8+1.5 5 
105+26 6 

9 9 
103+19 9 

0 0 
2.1+0.4 4 

2 2 

weree independ 
++ 1.9 H b A, + + 

Catt 3 

17 7 
2.4+1.7 7 

4 4 
9 9 

6 6 
15.0+2.3 3 
1.8+0.3 3 
1.8+0.3 3 

entt predictors 

Catt 4 

12 2 
2.4+1.5 5 
106+21 1 
1.03+0.07 7 
108+22 2 

3 3 
1.9+0.2 2 

2 2 

ofVEGFc c 

0 - 0 88 P F 4C .TKATE  ï = 0 - 4 7 

P(ANOVA) ) 

0.46 6 
0.06 6 
0.51 1 
0.04 4 
0.16 6 
0.002 2 
0.0002 2 

FRATEE ( regress ion 

P= = =0.0002).. The 

residuall  sum of the squares indicated that 22% of the variation in VEGF levels 
wass explained by HbA, and PF4,,1TniT1.. 

Autoimmunee thyroid disease was present in 9.5% (2/21) of the healthy subjects, 
includingg one woman with subclinical hypothyroidism and one euthyroid man. 

rr = -0.43 

p<< 0.001 

rr = -0.37 

pp = 0.004 

H b A 1 c ( % ) ) vWFF (%) 

EE 2 -

rr = -0.18 

pp = 0.17 

100 20 30 40 50 60 70 

V E G F C I T R A T EE (pg/mL) 

Figuree 3. Illustration of the relationship between 
triiodothyroninee (T) and parameters of metabolic 
controll  i.e. glycosylated hemoglobin (HbAk). 
endotheliall  dysfuncion i.e. von Willebrand Factor 
(vWF)) and vascular endothelial growth factor 
(VEGF). . 
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Autoimmunee thyroid disease was present in 30r/r (19/64) of the diabetic patients. 12 

womenn and 7 men. It was already known in three diabetic women, two of them had 

hypothyroidismm and were on thyroxine substitution therapy, one had medical treatment 

forr Graves hyperthyroidism. In 16 diabetic patients it was not previously known: two 

womenn had overt hypothyroidism, four women had subclinical hypothyroidism and 

threee women were euthyroid: two men had subclinical hypothyroidism and five were 

euthyroid.. In three diabetic women without TPO-Ab. serum TSH was slightly elevated 

(6.6.. 6.8 and 7.0 mU/L). 

Thee relation between T,. HbA, . vWF. VEGR.,Tnw, and platelet activation markers 

wass analysed in all subjects, excluding those with autoimmune thyroid disease. T, values 

graduallyy decreased per category (p<().001) and showed an inverse relationship with 

glycosylatedd hemoglobin (r= -0.43. p=0.00!) and vWF (r= -0.37. p=0.0()4) values (see 

tablee 3 and figure 3). T, concentrations did not correlate with VEGF (r= -0.18. 

p=().17),, BTG (r= -0.02. p=0.86) or PF4r , .u m. (r= -0.12. p=0.38). 
11 * L I i K \ I I . ' 

DISCUSSION N 

Thee higher concentrations of VEGF in citrate plasma compared to platelet poor PECT 

plasmaa point to the artificial increase of VEGF in plasma (or serum) samples due to 

platelett activation induced by blood collection. Concentrations of VEGF in citrate plasma 

sampless were higher in patients with type 1 diabetes mellitus than in non-diabetic controls 

andd tended to increase with the degree of microvascular complications and correlated 

withh HbA, . In univariate analysis, positive correlations were found between VEGF„..r„  ,_c 
II  c *J i t I ] K A I  r . 

andd indicators of retinopathy (grade of retinopathy and previous laser coagulation) which 

iss in agreement with the study of Abdel Aziz, but not with markers of nephropathy 

(creatininee clearance or albuminuria) which is in contrast with the findings of previous 

studies.ss l' As angiotensin II is a potent stimulus for VEGF production by human vascular 

tissuess r . one explanation of the latter finding might be the extensive use (789f) of 

angiotensinn converting enzyme inhibitors by patients with nephropathy. In a multivariate 

analvsiss HbA, and PF4..IXU _,. were found to be independent determinants of VEGF,.1T„  ,Tr. 
^^  1 L v I 1 K A I  h. * (_ I 1 K / \ J i:, 

concentrations.. The relationship between VEGF and HbAk has not been reported 

previously.. PF4 (ITKV n and not BTG, appeared to be an independent determinant of 

VEGFf.,TUU ,ru. concentrations, indicating ex vivo release of VEGF from platelets. As HbA, 

wass also an independent determinant of VEGFr t ru,Tt concentrations, this suggests that 

thee diabetic state alters platelets in a way that facilitates VEGF release. The ex vivo 

i:o o 
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releasee of VEGF from platelets may be a reflection of the same phenomenon occurring 

inn vivo within the tissue capillaries, leading to the well known endothelial dysfunction in 

diabeticc patients. 

AA high prevalence of abnormal thyroid function tests was found among the diabetic 

patientss in this cohort, which could be attributed to non thyroidal illness or to autoimmune 

thyroidd disease. The prevalence of AITD in the diabetic patients was 30%. that in 

healthyy controls 10%. These figures are in good accordance with a prevalence of 10.6% 

inn a community based population 1N and of 27% in patients with type 1 diabetes mellitus. 
|L'' Among diabetics with previously unknown AITD. about half were euthyroid and half 

(subclinically)) hypothyroid, again in agreement with the report by McCanlies. 

Inn the diabetic patients excluding those with AITD. a steady decrease in T per category 

wass observed, explained by the presence of non thyroidal illness (or sick euthyroid 

syndrome)) as serum T, was negatively related to HbA as noted before.20-1 In our 

study,, no relation was observed between plasma T, concentrations and VEGF levels, a 

findingg which does not support the idea that VEGF levels are dependent on the ambient 

T,, levels. These data should however be interpreted with caution, because next to the 

prevailingg thyroid hormone levels other mechanisms may influence the relation between 

T,, and VEGF. This is illustrated by our findings of an inverse relationship between vWF 

andd serum Tv quite the opposite to the positive relation between vWF and T̂  in hypo-

andd hyperthyroid patients.14-23 The increase in vWF with higher category numbers in 

ourr study group, despite a steady decrease in Tv might indicate endothelial cell dysfunction 

ass well as platelet activation. Both cell types carry vWF with them, stored in endothelial 

Weibel-Paladee bodies and platelets granulae. There was however no correlation between 

vWFF and markers of platelet activation <PF4nTRVT[. , r=0.08. p=0.47 or BTG, r=0.05. 

p=0.68)) suggesting that endothelial cell dysfunction is implicated in the increase in vWF 

levels. . 

Inn conclusion. VEGFDC..Tconcentrutions are lower than VEGF,ITDVTr . The higher 
ii  t-L  I  (_ I I K A I  K  **"

VEGFC|TRATFF concentrations are probably due to an ex vivo release from platelets which 

iss facilitated by the diabetic state. VEGF(ITR vrH levels correlate with HbAk and the presence 

off  diabetic retinopathy. The prevalence of AITD among patients with type 1 diabetes 

mellituss is three times as high as in controls. The inverse relationship between T, and 

vWFF in diabetic patients is opposite to that observed in hypo- and hyperthyroidism, and 

iss probably caused by endothelial dysfunction. A relation between T, and VEGF was 

nott present. 
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