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METABOLIC AND HEMOSTATIC PARAMETERS IN PRE-DIABETES AND NEWLY DIAGNOSED TYPE 2

DIABETES

Petrik G.G."?, Kosmacheva E.D."?, Bratchik A.V.*, Kudryashov R.0.', Glushanova V.A.?

Metabolic changes in diabetes mellitus are associated with hemostatic disorders.
However, the sequence of hemostatic events in the early stages of disease remains
unclear.

Aim. To assess metabolic and hemostatic parameters and their interaction in pre-di-
abetes and newly diagnosed type 2 diabetes mellitus (ND T2DM).

Material and methods. The study enrolled volunteers of 40 to 65 years who
considered themselves healthy and did not get any medication therapy. Of 170
examined individuals, 46 had impaired carbohydrate exchange (ICE) — 13 with
impaired fasting glucose, 17 — impaired glucose tolerance and 16 with ND
T2DM. The control group comprised healthy volunteers with normal body mass
index and without signs of metabolic abnormalities. The metabolic (carbohy-
drate, lipid, protein exchange, hepatic transaminase), platelet and plasma
hemostatic parameters (mean platelet volume, ADP- &collagen-induced plate-
let aggregation, coagulation profile, fibrinogen, plasminogen) were investi-
gated. We identified the peculiarities initiating impact of changed parameters
on different hemostatic components in patients with pre-diabetes and ND
T2DM.

Results. Concentration of insulin, C-peptide, Homa-IR, total cholesterol demon-
strated increase in groups with ICE. ADP-induced platelet aggregation, fibrinogen
increased in ICE, however these changes were not statistically significant. Mean
platelet volume and plasminogen had the tendency to be elevated in pre-diabetes
and demonstrated significant increase in ND T2DM.

Conclusion. Metabolic disorders in prediabetic stage initiate changes in platelet
hemostasis and fibrinolysis. The increase of MPV and higher concentrations of
plasminogen are considered to be significant in ND T2DM.
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NAPAMETPblI METABOJINSMA U TEMOCTAS3A NPU NMPEAUABETE U BNEPBbIE BbIABJIEHHOM

CAXAPHOM OUABETE 2 TUMNA

Petrik G.G."?, Kosmacheva E.D."?, Bratchik A.V.*, Kudryashov R.O.', Glushanova V.A.?

MeTabonuueckrie 3mMeHeHVs npu caxapHom anadeTe (CLL) conpsikeHbl C HapyLue-
HUSIMW remocTasa, NoCNeA0BaTENbHOCTb BOBMIEYEHUS KOMMOHEHTOB KOTOPOro
Ha paHHKX CTaausx 3aboneBaHns He onpeaeneHa.

Lienb. N3yyeHrie napameTpoB MeTabonnama, remoctasa 1 xapakrepa ux B3aumo-
OTHOLLIeHWIA Npu npeayabeTe v Briepsble BoisieneHHom CJ, 2 Tuna (BB CA2).
Marepuan n metopabl. O6LEKTOM MCCEL0BaHNS SBUAMCH LOOPOBOMbLLbI B BO3pa-
cTe 40-65 net cunTatowye cebsi 3A0POBLIMK 1 HE MONyYaloLLme HUKaKon Meayka-
MEeHTO3HOi Tepanuu. Y 46 13 170 06cneaoBaHHbIX BbISIBNEHbI HAPYLLEHWS YINEeBOA-
Horo obmeHa (HYO): 13 — HapylweHve rmmkemun Hatollak,17 HapylleHue Tone-
paHTHOCTY K rioko3e 1y 16 BB CA12. KoHTponbHyto rpynny coctasuim 13 300poBbix
06pOBOJBLEB C HOPMANBLHOM Maccoii Tena 6e3 npr3HakoB MeTabonmnyeckn aHo-
ManbHOro geHotvna. Bo BCex KOHTWMHreHTax nccneaoBaHbl napameTpbl MeTabo-
n3ma (YrneBOAHbIA, NWUMWAHBIA, GenkoBbli 06MeH, TpaHCaMuHa3bl MevyeHu)
1 TPOMBOLMTAPHO-NNA3MEHHOr0 remMocTasa (cpefHuii 06bem TpomboumTos, ADP-
1 KONnareH-uHAyLMpoBaHHas arperaums TpomMboumToB, Koarynorpamma, Gpuépu-
HOreH, nna3muHoreH). OnpeaeneHbl 0COGEHHOCTW MHULIMUPYIOLLWX BAVSIHWI 13Me-
HEHHbIX NapameTpoB MeTabonn3Ma Ha pPasnnyHble KOMMOHEHTLI remMocTasa npu
npeavabete n BB CL2.

Pesynbratbl. KoHueHTpauus nHcynmHa, C-nentaa, HOMA-IR, obuiee conepxa-
HUe xonecTeprHa Oblnv NOBbILLEHbI B FPYNMNax C HAPYLLIEHWEM YrieBoAHOro 06MeHa.

Type 2 diabetes mellitus (T2DM) is a significant risk
factor for cardiovascular disease [1]. Debuting as a meta-
bolic disease T2DM is accompanied by morphologic
changes of the vascular wall, target-organ damaging, devel-

A® 1 KonnareHoM-BbI3BaHHOV arperauuio TPOMOOLMTOB, GUBPUHOTEH Tak e
6b1n1 noBbiLLeHb! Npyt HYO, 0AHako 3T U3MeHeHWs He Bbiin CTaTUCTUYECKN 3HA-
yumbl. CpeaHuii 06beEM TPOMOOLMTOB 1 MIA3MUHOrEHa UMENN CKIIOHHOCTb K yBE-
NMYEHNIO Ha CTaaumn npeavabeta U NPOAEMOHCTPUPOBANM CTaTUCTUYECKN 3HAYM-
MOe yBenuyeHne npv BB CA2.

3aknioyeHune. Metabonuyeckune HapyLLIeHUs Ha CTaaumn npeamabeTa MHALMMPYIOT
N3MeHeHNst TPOMOOLMTapHOro reMocTasa v ¢pubpuHonuaa. Mpu BB CA2 yeenuye-
Hue MPV 1 noBbllEeHNE KOHLEHTPauun naa3MyHOreHa NpvHUMAOT 3HAYMMBbIN
xapakTep.
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KnioueBble cnoBa: npeanabeT, BepBble BbISBNEHHbIN CaxapHblii AnabeT 2 tvina,
MeTabonnyeckne HapyLLEHNs!, reMoCcTa3 — TPOMBOLMTAPHBIA, KOArynsiLMOHHbIM,
unbprHONK3.
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oping cardiovascular catastrophes. Atherothrombosis is the
leading cause of death in T2DM. People with DM are two
times more likely to have a heart disease or stroke than peo-
ple who do not [2]. It is therefore particularly interesting to
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study how the changed metabolic parameters influence on
hemostasis. Many investigations and reviews on this issue
represent an amazingly deep biochemical analysis of spe-
cific triggers of endothelial cell damage, dysfunction of
platelets, plasmatic hemostasis [3-5].

However, we didn’t find any available reports, describ-
ing and identifying connection between separate hemo-
static and metabolic parameters of early stages of DM2 on
one representative clinical material. Therefore in the pres-
ent study we investigated metabolic and hemostastic
parameters and their relationships in patients with pre-di-
abetes and with newly diagnosed type 2 diabetes mellitus
(ND T2DM).

Material and methods

This study enrolled volunteers aged 40 to 65, who were
non-smokers, considered themselves healthy and did not
get any medication therapy. Of 170 examined individuals,
46 had impaired carbohydrate exchange (ICE) and met
the inclusion criteria: ND T2DM, impaired glucose toler-
ance (IGT) or impaired fasting glucose (IFG). Exclusion
criterion was the presence of any other disease, including
the previously identified diabetes and the presence of dia-
betic micro- and macrovascular complications.

DM2 diagnosis is based on fasting plasma glucose level
(FPG) >7,0 mmol/l (126 mg/dl) or 2—h plasma glucose
211,1 mmol/1 (200 mg/dl) and HbA >6,5%. If level of
fasting plasma glucose was 6,1 — 6,9 mmol/L (110 mg/dl
to 125 mg/dl) and/or HbA, 5,7-6,4%, oral glucose toler-
ance test (OGTT) (75 g oral glucose load) was done. Based
on its results, pre-diabetes state was classified as — IFG
[(fasting blood glucose 6,1—6,9 mmol/L (110 mg/dl to
125 mg/dl) and 2—h plasma glucose <7,8 mmol/I (140 mg/
dl)] or IGT [(fasting plasmaglucose 6,1—6,9 mmol/L
(110 mg/dl to 125 mg/dl) and 2-h glucose >7,8 and
<11,1 mmol/I (140 mg/dl and 200 mg/dl) [6-8].

Systolic and diastolic blood pressure (SBP and DBP,
respectively) was measured according to the standard
technique [9]. The study included patients with SBD
<140 mmHg and DBD <90 mmHg.

The height, weight, waist and hip circumferences were
measured in underwear and without shoes. Body mass
index (BMI) was calculated as weight divided by squared
height (kg/m2).

The control group comprised non-smoking healthy
volunteers with normal body mass index (BMI 18,5-
249 kg/mz, waist circumference (WC): women <88 cm,
men <102 cm, without signs of metabolic abnormalities
(BP <130/85 mmHg, fasting glucose <5,5 mmol/I, triglyc-
erides <1,7 mmol/l, HDL cholesterol >1,04 mmol/I in
men, and >1,3 mmol/l in women, HOMA IR <2.,5).

The Ethical Committee of Kuban State Medical Uni-
versity, Krasnodar, approved the study and all patients and
controls gave written informed consent.

Laboratory Research. To estimate the parameters of
metabolism and hemostasis venous blood samples was

performed after a 12-hour overnight fasting, venous blood
samples were drawn in the morning (between 8:00 AM and
9:00 AM).

The hemogram was evaluated using the Automatic
Hematology Analyzer ADVIA 120 (Siemens, Germany);
the biomedical parameters (including total cholesterol
(TC), low-density lipoprotein (LDL), high-density lipo-
protein (HDL), triglycerides (TG), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST)) were
determined using enzymatic colorimetric method with the
Automatic Biochemistry Analyzer ADVIA 1650, 2400
(Siemens, Healthcare Diagnostics, USA).

Glycated hemoglobin (HbAlc) was measured using
reference method (HPLC D-10) (Bio-Rad Laboratories,
USA), calibrated to the Diabetes Control and Complica-
tions Trial standard. Determination of insulin and C-pep-
tide was performed on an automated immunochemical
analyzer Advia Centaur, manufactured by Siemens
Healthcare Diagnostics, USA. Homeostasis Model Assess-
ment Model (HOMA) was used to determine the insulin
sensitivity index with formula: HOMA-IR=fasting insulin
(uU/ml) x fasting glucose (mmol/1)/22,5.

Serum protein fractions were separated by zone elec-
trophoresis on an agarose gel using an automated electro-
phoresis system Hydrasys (Sebia, France).

All hemostasis-related parameters were determined by
turbidimetric and chromogenic methods on the ACL TOP
700 Automated Analyzer (Instrumentation Laboratory
Company, USA) using anufacturer's reagent Kit.

Platelet aggregation activity was examined on a turbi-
dimetric platelet aggregation laser-analyzer “Biola 230
LA” (Russia). Sodium adenosintriphosphate (LLC Tech-
nology-standard, Russia) and collagen (SPA Renam, Rus-
sia) were used as inductors of platelet aggregation in both
the cases at the final concentration of 30 pM.

Statistical analysis was performed using the package of
program STATISTICA 10 (StatSoft, USA). The results are
expressed as Median, upper and lower quartiles (Me (25;
75), where Me — median, 25 and 75 are the 1st and 3d
quartiles) comparing the mean ranks for all groups using
the Kruskal-Wallis test. Spearman’s rank correlation test
was used to reveal the correlation between the indexes
equal to P-value=0,05 was considered statistically signifi-
cant.

Results

According to the stated objectives, the patients were
grouped into early diabetes (n=16), IGT (n=17) and IFG
(n=13) and normal controls (n=13). The group was simi-
lar in sex and age (Table 1). However, patients with ICE
had excessive BMI exceeding normal index by 50%, 41%
and 44% with ND T2DM, IGT and IFG respectively. WC
in groups with ICE was also significantly higher than in the
normal group.

Analysis of biochemical parameters in patients with ICE
showed changes of both carbohydrate and lipid profiles as
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Clinical characteristics of patients with newly diagnosed type 2 diabetes mellitus, pre-diabetes and control

Age, year

Sex, M/F
BMI, kg/m’

Waist
circumference, cm

Hip circumference, cm

SBP, mmHg

DBP, mmHg

Fasting glucose, mmol/I

HbA, , %
c

Insulin, mU/I

C-peptide, ng/ml

HOMA-IR

Total cholesterol, mmol/I

LDL cholesterol, mmol/I

HDL cholesterol, mmol/I

Triglycerids, mmol/I

Albumins, g/I

1
ND T2DM
n=16
57,0
(51,0; 61,5)

13/3
34,6
(33,2; 39,9)

109**
(106; 113)

115**
(107; 124)

125
(125;130)
80

(80; 80)

7.0%
(6,5; 8,2)

6,8**
(6,3;7,6)

15,6**
(12,0; 23,8)

DI
(2,3;34)

6,6
(3:4;8,1)

5,9
(5.3;6.8)

3,5
(3,0;4.2)

1,5
(1,2,1,7)

17+
(1,3;2,5)

40,2
(38,8;43,6)

2

IGT

n=17

54,0

(49,0; 57,0)

15/2
32,1
(26,5; 34,8)

99+
(94; 106)

109
(101; 119)

125
(120;125)
80
(80;80)

57
(5,4;5,8)

6,1*
(5,9;6,2)

14,0
(12,5:19,0)

20
(1,8;2,34)

3,5
(2.9;4.9)

5,9
(5,24;6,7)

3,7
(3,0;4.8)

1,54
(1,2,1,7)

1,3%
(1,1;1,6)

40,6
(39,0;41,9)

3

IFG

n=13

55,0

(54,0; 56,0)

10/3
32.8**
(28,7; 33,3)

102+
(93; 111)

111
(108; 118)

125+
(120; 130)
80
(80;80)

6,0*
(5,5; 6,5)

5,9
(5,3;6,7)

14,6*
(10,7;17,6)

2,0
(1,5;2,4)

3,6%
(3,0, 4.8)

5,8
(4,3;6,7)

3,8
(2,5, 4,5)

1,5
(1,5;1,6)

1,5%
(0,8;2,1)

38,8
(36,2;41,9)

4
Control
n=13

47,0

(45,0; 53,0)

11/13
22,8
(21,2; 23,9)

76
(72;78)

97
(95;103)

120
(110;120)
80

(75; 80)

5,2
(4,8;5,5)

&1/
(5,6; 5,9)

8,0
(5,6:5,9)

11
(1,0, 1,3)

1,8
(1,5, 2,3)

4,8
(4,5;5,1)

2,9
(256;3,2)

1,6
(1,4,1,7)

0,7
(0,6;0,8)

42,1
(40,4;44,0)

p,. 4=0,06
p,,=0,95
P, =0,62

"1, ,=0,000
p, 0,000
P, ,=0,001
p,,=0,000
p, 0,003
P,. A=0,001
p, ,~0,000
p,,=0,016
P, ,=0,002
p, ,=0,03
p,,=0,06
p,,=0,02
p,,=0,33
P,. A=0,94
p,,=0,35
p,,=0,000
p,,=0,000
p 1_3=0,04
P~ 1.0
P,. 4=0,46
P,,=0,03
p,,=0,000
p,,=0,07
p, ,=0,001
p2_3=0,84
P,. 4=0,01
p,,=1,0
p,,=0,000
p,,=0,002
P, ,~0,005
p, ,=0,000
p, 0,003
p,,=0,02
p, ,~0,000
p,. 2=0,47
p1_3=0,84
P, ,=0,002
P, 0,005
p,,=0,004
p, 0,004
P,,=0,09
p,. 4=0,25
p,,.0,08
p,,=0,83
p1-4=1 0
p,,~1,0
p,,=1,0
p,,=0,000
p,,=0,004
p, ,~0,006
p,,=0,69
p,,=1,01
p,,=1.9

Table 1
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alpha-1globulin, g/I 2,2 1,9

(1,9; 2,4) (1,8;2,6)
alpha- 2 globulin, g/L 9,6 9,6

(8,8;9,8) (9,1;10,7)
beta-1 globulin, g/I 7,3 7,6

(6,4; 8,3) (6,2; 8,2)
beta-2 globulin, g/I 3,7 4,69

(3,3;4,7) (3,7; 5,02)
v globulin, g/I 9,7 10,3

(8,9;11,1) (8,7;11,8)
Creatinine, mmol/I 79,4 81,5

(74,9;87,6) (78,6;92,3)
Bilirubi, mmol/I 10,7 10,4

(8,3; 12,5) (8,8; 12,8)
AST 26,0 22,0

(20,5;44,5) (20,0;27,0)
ALT 30* 26,0

(21,0;79,5) (18,0;31,0)

Annotation: * — p< 0,05, ** — p < 0,001.

early as in the pre-diabetes stages. Concentration of insulin,
C-peptide and Homa-IR was comparable in IGT and IFG
groups and by 1,8 and 2 times higher than in normal. TC in
all ICE groups, TG in IGT group and in IFG group were by
22%, 86% and 114% higher than in normal respectively.
Maximally expressed changes were observed in ND T2DM,
where two-fold increase of insulin content was registered,
C-peptide, Homa-IR and TG increased by 2,5, 3,7 and 2,4
times respectively compared to the controls. We didn’t iden-
tify significant changes of HDL, LDL and protein spectrum
in patients with ICE. Parameters of hepatic metabolism
demonstrated 1,5 times increased ALT in ND T2DM
patients; nevertheless, pre-diabetes stages demonstrated just
a tendency to this increase.

Comparison of the groups did not find significant dif-
ferences between biochemical parameters in patients with
ICE, except for Homa-IR which was by 1,8 times higher
in patients with ND T2DM, than in patients with pre-di-
abetes (Figure 1).

The parameters of platelet hemostasis had the ten-
dency to the elevated mean platelet volume (MPV) in
patients with pre-diabetes and its significant increase in
patients with ND T2DM (Figure 2).

Moreover, we noted the increase of ADP and colla-
gen-induced platelet aggregation. However, these changes
were not statistically significant (Figure 3, 4).

The parameters of plasma hemostasis didn’t change
significantly, however, they tended to increase at the stages

Extension of table 1

2,1 1,9 p,,~163
(2,0;2,3) (1,5;2,2) p,,=0,85
p, =14
9,8 9,0 p,,=0,14
(9,1; 10,3) (8,4;9,7) p,,=1,61
p,,=149
7,3 7,0 p,,=0,64
(6,5;8,1) (6,7;7,5) p,,=0,77
p,,=0,17
43 3,7 p,,=0,9
(2,9;4,4) (2,2;4,4) P, 2.2
p, =103
13 10,8 p,,=0,44
(8,7;11,8) (8,2; 12,1) p,,=0,29
p,,=0,36
86 77,0 p, =10
(80; 97,5) (71,5;86,6) p,,=0,88
p,,=0,67
10,1 10,2 P10
(8,9; 12,5) (6,8; 12,0) p,,=1,0
P, =10
20,0 21,0 p,,=0,58
(19,0;27,0) (19,0;23,0) p, =10
D3_4=1,0
23,0 19,0 p,,=0,01
(21,0;29,0) (14,0;24,0) p,,=0,45
p,,=0,91
14
L e
R
:
jan)
NDT2DM IGT IFG Control
s Mediana
0 25%-75%
T Min-Max

Figure 1. HOMA-IR in patients with ICE and in the control group.

of pre-diabetes and reached statistical significance in
patients with ND T2DM (Figure 5).

The identified differences between the groups with
regard to insulin-resistance patients with ICE, as well as
their role in T2DM formation, we performed the corre-
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Figure 2. Mean platelet volume in patients with ICE and in the control group.
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Figure 4. Collagen-indused aggregation in patients with ICE and in the control
group.

lation analysis which revealed strong correlation
between HOMA-IR and BMI, WC, fasting plasma glu-
cose (FPQG), triglycerides (Table 2), mean direct power
with HOMA-IR and HbA , TC, LDL, AST, ALT, and
inverse between HOMA-IR and HDL, number of plate-
lets. Comparing other investigated parameters of metab-
olism and hemostasis found that insulin had similar in
character and expression of HOMA-IR correlation and
weak positive connection of insulin concentration with
MPV.

100
L e ity
S
B ! T T
D70 P a [ a [ —
g]g a
E [TV et E b Rt AN a [T
i= L
g 0L e A il AN sty
o
@)
- U N e
L e
NDT2DM IGT IFG Control
s Mediana Group
0 25%-75%
T Min-Max

Figure 3. ADP-platelets aggregation in patients with ICE and in the control group.
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Figure 5. Plasminogen in patients with ICE in the control group.

FPG demonstrated positive correlation of average
strength with WC, HbAlC, TC, LDL, TG, ALT, plasmino-
gen, MPYV and it showed inverse mathematical, but direct
functional correlation with Activated Partial Thrombo-
plastin Time (APPT). HbA, level moderately and directly
correlated with BMI, WC, C-peptide, HOMA-IR,
TC, TG, plasminogen, TC and TG with plasminogen,
ADP-induced aggregation demonstrated positive moder-
ate correlation with alpha 1- and beta 2- globulins and
inverse correlation with albumins.
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Spearman’s range correlation test

BMI WC FPG HbA _~ Insulin C-p IR TC
FPG 0,50 0,55* 1,00 0,54* 0,47 0,66* 0,66* 0,46*
HPA, 0,34~ 034* 054* 100 023 039" 0,38* 0,29
Insulin 0,68 0,68 047 023 1,00 087 0,86* 036"
C-peptide 0,73* 0,77+ 066* 0,39* 087* 1,00 0,88 0,43*
HOMA-IR 0,63* 0,67* 0,66* 0738 0,86* 0,88 1,00 0,39*
TC 0,26 0,39* 0,46* 0,29* 0,36 043* 0,39* 1,00
LDL-CL 0,13 0,30* 0,30* 0,15 0,30* 0,33* 0,31* 0091*
HDL-CL -0,21  -036* -0,08 0,04 -037* -034* -0,27* 0,03
TG 0,62* 0,73* 0,54* 035" 0,65* 0,75* 0,64 045"
Albuming/L -0,177 -0,26 0,04 0,01 0,03 -0,01 0,03 -0,13
alpha-1 0,13 002 0,15 0,11 -0,13 -0,04 0,05 -0,01
alpha-2 -001  -001 003 020 -024 -0,14 -0,13 027
beta-1 -007 0,15 0,07 023 0,0 0,16 0,10 0,35
beta- 2 0,31 0,14 -0,11 0,07 030* 022 0,22 0,28
gamma -0,15 -0,23 -0,02 -0,10 0,06 -0,00 0,10 0,16
APPT -0,14 -0,19 -0,33* -0,14 -0,02 -0,21 -0,15 0,02
Plasminogen 0,27* 0,31* 0,30* 0,35* 0,19  0,30* 0,19 0,28*
Platelet -0,27* -0,32* -0,16 0,13 -0,35* -0,31* -0,31* -0,13
MPV 0,31* 0,31* 0,30* 0,01 0,28* 0,23 0,21 0,06
Annotation: the noted correlations are marked (*- p<0,05).

The correlation analysis noted the differences in the
character and strength of correlation between metabolic
and hemostatic parameters in the observed groups. In this
way in the control inverse correlations were identified
between HOMA-IR and HDL (r=-0,59, p<0,05), FPG et
TC (r=-0,56, p<0,05). In addition there is no correlation
between the parameters of metabolism and hemostasis in
healthy patients, except for positive correlation between
APTT and TC, LDL (r=0,55, r=0,76, respectively
p<0,05).

In patients who have IFG, correlations lose their sig-
nificant differences and are characterized by direct rela-
tionships between HOMA-IR and fasting plasma glucose
(r=0,64, p<0,05), TG (r=0,82, p<0,05), LDL
(r=0,81p<0,05), FPG and TG, LDL (r=0,71, r=0,70,
respectively, p<0,05) and negative by relationships between
FPG and ADP-induced platelet aggregation (r=-0,64,
p<0,05), HbA _level positively correlates with fibrinogen
and plasmmogen (r=0,65, r=0,85, respectively, p<0,05).

In IGT subjects positive correlations are registered
between HDA, and TG (r=0,52, p<0,05), APTT and TC,
LDL (r=0,70, r=0,64, respectively, p<0,05) and negative
correlations — between HbA —and MPV (r=-0,52,
p<0,05), and also HOMA-IR and plasminogen (r=-0,67,
p<0,05), number of platelets and their mean volume (r=-
0,55, p<0,05).

ND T2DM is associated with a strong positive correla-
tion between FPG and HbAl, TC (r=0,62, r=0,54,
respectively, p<0,05), number of platelets and ADP,
antithrombin 111 (r=0,57, r=0,69, p<0,05) and negative —

Table 2
LDL HDL TG AST  ALT ADP PLG  Platelet MPV
0,30 -0,08 0,54* 0,17 0,33* 0,01 0,30 -0,16  0,30*
0,15 0,04 035 005 0,22 0,15 0,35 0,13 0,01
0,30* -0,37 0,65* 0,28* 0,50 -0,00 0,19 -0,35* 0,28*
0,33* -0,34 0,75* 031* 0)55* 0,03 0,30 -0,31* 0,23
031 -0,27 0,64* 034* 047" 0,08 0,19 -0,31* 0,21
091* 0,03 045* 005 0,21 0,10 0,28* -0,13 0,06
1,00 -0,16 030* 0,01 0,14 0,08 023 -0,14 -0,04
-0,16 1,00 -0,38* -0,10 -0,14 0,00 -0,06 0,15 0,03
0,30* -0,38* 1,00 0,18 0,45* 0,10 0,31* -0,29* 0,24
-0,15 0,18 -0,22 0,22 0,13 -0,32* -0,01 0,18 -0,19
-0,04 003 0,03 -0,03 -0,11 045 -0,26 0,02 -0,00
0,15 044 -006 -023 -025 0,20 0,07 0,23 0,18
0,35 -0,02 0,19 0,07 0,09 0,02 0,28 -0,056 0,05
0,35* -0,06 0,19 -0,03 0,09 0,37+ 0,16 -0,12 -0,01
022 -008 -0,09 0,02 -003 0,09 -0,11 0,07 -0,04
0,13 007 -025 0,11 0,01 -0,06 -0,23 0,10 -0,12
023 -006 031 -0,08 0,00 0,05 1,00 -0,06 0,12
-0,14 0,15 -0,29* -0,21 -0,30* -0,04 -0,05 1,00 -0,40
-0,04 0,03 0,24 -0,02 0,14 0,13 0,12  -0,40* 1,00

between FPG and APTT (r=-0,56, p<0,05), TC and INR
(International Normalized Ratio (r=-0,57, p<0,05), plas-
minogen and CT (r=-0,60, p<0,05).

Discussion

According to the results of our research, pre-diabetes
and ND T2DM were diagnosed in the patients having
excess body mass and WC. We did not find carbohydrate
metabolism disorders among the partlclpants of our
research with excess BMI of 18,5-24.9 kg/m women's
WC <88 c¢cm, and men's WC <102 cm. Hyperinsulinism,
insulin resistance, increasing triglyceride concentration
were observed in the patients with IFG, IGT and were
maximally shown in patients with ND T2DM. TC level
was significantly higher than standard indicators in IGT
and ND T2DM, while elevated TC level in patients with
IFG was not statistically significant.

Metabolic syndrome is characterized by dyslipidemia,
high triglycerides in very low density lipoproteins and low
HDL cholesterol. Hypertrygliceridemia in T2DM is asso-
ciated with lower sensitivity of visceral fat tissue to the
antilipolytic effect of insulin with boosted lypolises and the
transport of free fatty acids into portal blood flow. In
patients with hyperinsulinemia, these factors increase
hepatic triglyceride synthesis and very low density lipopro-
teins synthesis of liver [10]. Under hyperglycemia the
activity of endothelial lipoproteinlipasa decreases and that
of hepatic lipoproteinlipasa increases, these processes
being accompanied by suppressing triglycerides and by
LDL catabolism by faster decomposing HDL cholesterol.
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Therefore, changes of lipid profile are associated with
insulin resistance, hyperinsulinemia and impaired carbo-
hydrate exchange. We found close correlations between
IMT, WC (reflecting the visceral fat mass) and HOMA-IR,
FPG, TC, LDL, HDL, TG, corresponding to the current
opinion about the role of metabolic syndrome in the devel-
opment of T2DM and suggesting the presence of leading
risk factors of atherosclerosis development at the earlier
stages of overt T2DM [11,12].

Metabolic changes affect hemostasis. The absence of
correlation between metabolic and hemostatic parameters
in control and their presence in ICE patients show that
biochemical changes play a key role in the initiating devel-
opment hemostasis disorders.

According to “The IDF Consensus worldwide defini-
tion of the metabolic syndrome” (2006), the changes in
fibrinolytic system (PAI etc) and coagulation (fibrinogen
etc) are related to “Platinum standard” of the metabolic
syndrome. In our research the tendency towards the
increase of plasminogen level was found out in patients
with IFG and IGT and was statistically significant in
patients with ND T2DM. Strong correlations between
HbAlc and plasminogen were observed in patients with
IFG. The IGT stage demonstrates inverse mathematical,
but direct functional correlation between insulin resistance
and plasminogen. These direct correlations between plas-
minogen and concentration of FGP, TC, C-peptide, TG
(Table 2) prove the multifactorial effect of the changed
metabolic parameters on fibrinolysis. The obtained data
can be explained by the results of the experimental studies,
which showed that insulin and glucose participate in the
regulation of plasminogen activator inhibitor-1 (PAI 1)
gene expression as well as the effect of insulin on the syn-
thesis of PAI-1 by a hepatocellular cell line [13,14].
According to Juhan-Vague and colleagues increased PAI-1
is a constituent of insulin resistance syndrome and adds
thrombotic component into the traditional list of risk fac-
tors for atheromatosis. Triglycerides, LDL, and lower
sensitivity of glycated plasminogen to pro-fibrinolytic
enzymes with resistance to degradation are considered to
be the other metabolic reasons changing fibrinolytic activ-
ity [15-16].

Hyperfibrinogenemia is considered to be an independ-
ent prognostic factor of atherosclerotic vascular disease
[17]. Most studies on the hemostasis in patients with
T2DM noted the mean increase of plasma fibrinogen con-
centration by 100 mg/dl.18 Although the elevated level of
fibrinogen in all ICE-groups was not statistically signifi-
cant, it showed strong correlations between HbA —and
plasminogen in patients with IFG. Our data agree with the
study results of Corrado and colleagues [18] who found a
correlation between the duration of disease, concentration
of glycated hemoglobin and fibrinogen increase. Accord-
ing to Dunn and colleagues [19], the formation of glycated
fibrinogen leads to fibrin clots, which are resistant to plas-
min. Therefore suppressing of fibrinolysis in T2DM,

underlined by many authors, may be related to both the
decrease of fibrinolytic potential and also to the changes in
fibrinogen properties.

Platelets are rather vulnerable components of hemo-
stasis in patients with ICE. 20 In addition, hyperinsuline-
mia, hyperglycemia and changes of lipid profile have a
modulating effect on different levels of the platelet hemo-
stasis.

The effect of chronic hyperglycemia on thrombocyto-
poesis brings about the appearance of large, young throm-
bocytic forms with high activity [21]. Increased glucose
influx into megacariocytes significantly contributes to the
increased thrombin-evoked depletion of cyclic nucleo-
tides, and also increased activity of enzymes involved in
glycolytic, acetyl-CoA synthesis, and fatty acid—synthe-
sizing pathways [22]. Insulin also stimulates cell cycle and
the processes of megakaryocytic cell-line differentiation
[23]. The previously reported data about the influence of
insulin and hyperglycemia on thrombocytopoiesis make
possible to explain the tendency for the appearance in the
blood flow of young, high-activity thrombocytic forms in
patients with pre-diabetes as well as statistically significant
increase of MPV in ND T2DM.

Chronic hyperglycemia leads to both the modulating
effect on thrombocytopoiesis and the direct effect on
platelets. Intracellular glucose concentration in a platelet
is comparable with its extracellular concentration and
associated with excessive formation of superoxide anion,
protein kinase activity and decrease of NO [24]. The direct
osmotic effect, i.e. exposition of platelets to hypertonic
solution of glucose or mannitol solution during one hour is
accompanied by activation of platelet glycoprotein IIb/
I11a and by release reaction of a-granules is considered to
be another possible direct mechanism [25].

Low antiplatelet effect of insulin caused by its deficit or
insulin resistance especially contributes to the develop-
ment of platelet dysfunction in patients with T2DM. In
vitro studies demonstrate that physiological concentra-
tions of insulin have a direct inhibitory effect on platelet
activity of healthy people. However, supraphysiological
concentrations of the hormone and insulin resistance
increase insulin-mediated platelet activity [26].

Platelet activity is also affected by lipid metabolizm
disorders. The vast majority of experimental studies
acknowledge the increase of platelet sensitivity to the
aggregating agents in patients with atherogenic hyperlipi-
demia [27]. The previous reports show that cholesterol
enrichment of membranes modifies platelet activity.
Moreover they are associated with a 35-fold increase in
sensitivity to epinephrine and 15-fold increase sensitivity
to ADP and in higher sensitivity to collagen [28]. Acidity
and microviscosity of platelet membrane are closely related
to the concentration of plasma triglycerides. Dutu and
colleagues [29] demonstrated the correlation between
platelet adhesiveness and the level of free fatty acids in
patients with hyperlipidemia. However, in the present
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study we did not find the significant correlation between
platelet activity and TC, TG concentration. Our findings
are comparable with the findings of Jovan and colleagues
[30] and can be explained by the changes in plasma fatty
acid composition. Direct correlations between ADP-ag-
gregation and concentration of beta2-globulines, identi-
fied in our study indirectly confirm the effect of changed
lipid profile.

Hyperactive platelets initiate coagulation. A lot of data
reported in literature confirm the activation of coagulation
in patients with T2DM [31, 32]. Our study identified that
changes in carbohydrate and lipid metabolism affect the
coagulation system. According to the results of correlation
analysis, the patients with IGT had close correlations
between APPT and TC, and also between APPT and LDL.
However, ND T2DM-patients had inverse mathematical
but direct functional correlations between APPT and
FPG, and between TC and INR. Nevertheless, biochemi-
cal analysis of the coagulogramms didn’t identify any signs
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