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Abstract

Background/Aim. The hypercoagulable state and in-
flammation state in diabetics has been widely studied by
previous researchers, but there is a lack of research about a
possible impact of exercise training on this relationship. The
aim of this study was to assess and compare correlation be-
tween the coagulation and inflammation status in patients
with type 2 diabetes mellitus taking into account the gender
differences as well as an impact of the 8-week exercise train-
ing on the correlation coefficient and parameters of the in-
flammation and coagulation state. Methods. A total of 60
patients in stable clinical condition and well-regulated dia-
betic status passed through all phases of the study. The ex-
ercise training included the exercise program as interval
training with estimated intensity uphill to 75% of a maximal
heart rate in particular individual, 5 times a week for 8
weeks, and walking for 30 minutes with a speed of 5 km/h,
5 times a week for 8 weeks. Further fibrinolytic, coagulation
and inflammatory parameters were analyzed before and after
the study: D-dimer, von Willebrand factor (vWF), fibrino-
gen, high sensitivity CRP (hs-CRP), leukocytes, thrombin
time (T'T), prothrombin time (PT), activated partial throm-
boplastin time (APTT) and coagulation factors: FII, FV,
FVII and FX. Results. Our research showed a statistically
significant reduction in the mean vWF levels after interven-
tion both at the males (p < 0.001) and females (p < 0.001).
According to a correlation analysis between hs-CRP and fi-
brinogen, there was a positive correlation as baseline both at
the males (p <0.05, r=0.492) and females (»p <0.01, r
=0.516) which became weaker in the males (p <0.01,
r = 0.449) and disappeared in the females (p < 0.05, r=
0.059) after intervention. The cortrelation which existed as

baseline in the males between D-dimer and either hs-CRP
(» <0.01, r = 0.633) or fibrinogen (p < 0.01, r = 0.673) as well
as the correlation between hs-CRP and FII (p <0.01,
r=0.728), FV (p < 0.05, r = 0.366), FVII (p < 0.05, r = 0.373)
coagulation as well as between D-dimer and FII (p <0.01,
r=0.851), FVII (p < 0.05, r = 0.367)was absent in the females.
Our research demonstrated a weakening correlations in the
males after intervention between D-dimer and hs-CRP
(p<0.05, r=0378), between hs-CRP and FII (p<0.01,
r=0.501), FV (p < 0.05, r = 0.298), FVII (p < 0.05, r = 0.351)
as well as between D-dimer and FII (p < 0.01, r = 0.759), and
FVII (p <0.05, r=0.296). The increase of the FX values
(p < 0.05) in the females after intervention suggested the possi-
ble antiinflammatory effect of exercise training. Conclusion.
According to previous research, the higher levels of vWFE was
associated with a risk of cardiovascular disease in people with
type 2 diabetes mellitus and vWTI may be a risk factor unique to
these populations. We demonstrated that the 8-week exercise
training can significantly reduce the value of vWF in the males
and females, suggesting a potential beneficial effect on the en-
dothelial function parameters. Our research demonstrated a
stronger correlation between the coagulation and inflaimmation
parameters as baseline in the males than in the females with
type 2 diabetes mellitus. According to our results, the 8-week
exercise training lead to a weakening of the strength of correla-
tion between the coagulation and inflaimmation parameters in
the males and complete disappearance of this correlation in the
females, suggesting a unique effect of exercise training that
should be explored in future research.
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Apstrakt

Uvod/Cilj. Hiperkoagulacioni i inflamatorni status kod
dijabeticara je opsezno proucavan u dosadasnjim istra-
zivanjima, ali je mogudéi uticaj fizickog treninga na
medusobnu povezanost izmedu koagulacionog i inflama-
tornog statusa nedovoljno istrazen. Cilj naSeg istrazivanja
bio je ispitivanje korelacija izmedu inflamatornog i koagula-
cionog statusa kod bolesnika sa dijabetesom melitusom tip 2
u odnosu na pol, kao i uticaj fizickog treninga na jacinu ovih
korelacija i parametre koagulacionog i inflamatornog statusa.
Metode. U istrazivanje je bilo ukljuc¢eno 60 bolesnika u sta-
bilnom klinickom stanju sa dobro regulisanim dijabetesom
melitusom tip 2. Trening je primenjen u vidu intervalnog
treninga sa maksimalnim intenzitetom od 75% maksimalne
stéane frekvence, pet puta nedeljno u toku osam nedelja i
treninga u vidu hoda brzinom od 5 km/h u trajanju od tri-
deset minuta, pet puta nedeljno u toku osam nedelja. Sledeci
fibinoliticki, koagulacioni i inflamatorni parametri su analizi-
rani pre i posle sprovedenog programa treninga: D-dimer,
von Willebrand factor (vWF), fibrinogen, visokosenzitivni
C-reaktivni protein (hs-CRP), leukociti, trombinsko vreme
(TT), protrombinsko vreme (PT), aktivirano parcijalno
tromboplastinsko vreme (APTT) i faktori koagulacije — FII,
FV, FVII i FX. Rezultati. Nase istrazivanje je pokazalo
statisticki znacajno smanjenje nivoa vWF posle studije kod
ispitanika muskog (p < 0,001) i Zenskog pola (p < 0,001).
Pozitivna korelacija izmedu hs-CRP i fibrinogena, pokazana
bazalno kod ispitanika muskog (p <0,05, r=0,492) i
zenskog pola (p < 0,01, r = 0,516) koja bila je slabija kod is-
pitanika muskog pola (p < 0,01, r = 0,449), odnosno, gubila
se kod ispitanica zenskog pola (p < 0,05, r = 0,059) nakon
sprovedenog treninga. Pokazane su pozitivne bazalne kore-
lacije kod ispitanika muskog pola izmedu D-dimera sa jedne

strane i hs-CRP (p < 0,01, r = 0,633) i fibrinogena (p < 0,01,
r=0,673) sa druge strane, kao i izmedu hs-CRP i FII
(»<0,01, £=0,728), FV (p< 0,05, r=0,366), FVII
(» < 0,05, r = 0,373, kao i izmedu D-dimera i FII (p < 0,01,
r=0,851) i FVII (p < 0,05, r = 0,367), dok te korelacije nisu
pokazane kod ispitanica zenskog pola. Nase istrazivanje je
kod ispitanika muskog pola pokazalo slabljenje jacine kore-
lacija nakon sprovedenog treninga izmedu D-dimera i hs-
CRP (»<0,05, r=0,378), hs-CRP i FII (»p<0,01,
r=0,501), FV (»p<0,05 1r=0,298), FVII (»<0,05,
r=0,351), kao i izmedu D-dimera i FII (p <0,01,
r=0,759),1 FVII (p < 0,05, r = 0,296). Smanjenje nivoa FX
kod ispitanica zenskog pola (p < 0,05) nakon sprovedenog
treninga ukazuje na mogudi antiinflamatorni efekat fizickog
treninga. Zaklju€ak. Prema predhodnim istrazivanjima,
vWF moze biti faktor rizika u populaciji dijabeticara i nje-
gov poviseni nivo je povezan sa rizikom od nastanka kardi-
ovaskularnog oboljenja. Mi smo pokazali da fizicki trening u
trajanju od osam nedelja moze znacajno smanjiti nivo vWF
kod oba pola, ukazujuéi na potencijalni povoljni efekat na
parametre endotelne funkcije. Nase istrazivanje je pokazalo
vecu jacinu korelacija izmedu koagulacionih i inflamatornih
parametara kod ispitanika muskog pola u odnosu na ispita-
nice zenskog pola. Prema nasim rezultatima, osmonedeljni
fizicki trening dovodi do slabljenja jacine korelacija izmedu
koagulacionih i inflamatornih parametara kod ispitanika
muskog pola i slabljenje ovih korelacija do potpunog gubit-
ka kod ispitanica zenskog pola, ukazujuci na jedinstveni efe-
kat fizickog treninga koji bi trebalo da bude ispitan u
buduéim istrazivanjima.

Kljucne reci:

dijabetes melitus, insulin-nezavisni; krv, koagulacija;
zapaljenje; veZbanje; pol.

Introduction

It is estimated that by 2025 the number of diabetics
worldwide will have affected 324 million people and will
have an epidemic character'. Diabetes mellitus al-
ters blood coagulation and platelet function which supports
the suggestion that diabetes mellitus is a hypercoagulable
state with changes in fibrinolysis, decreased fibrinolytic
activity and increased thrombotic risk > °. Correlation be-
tween the coagulation factors in diabetics is more evident
than in health subjects and this may be the reason for the
more hypercoagulable conditions stated in diabetics. Dayer
et al. * (2014) found that a path model or diagram for the co-
agulation factors were more complicated in diabetic patients
than in normal individuals and conveyed that a sudden incre-
ase in the synthesis of each coagulation factors or their acti-
vation may trigger the initiation of coagulation cascade, leading
to vascular clot formation with myocardial consequences.

Adipose tissue releases mediators that induce a chronic
inflammation state and alterations in coagulation °. The me-
tabolic syndrome is frequently accompanied by a prothrom-
botic state. This includes the elevated plasma levels of von
Willebrand factor (vWF), and coagulation factors: FVIII,
FVII and fibrinogen °. D-dimer and fibrinogen are known to

be the thrombosis risk factors . Elevation of D-dimer may
increase a risk of future myocardial infarction, stroke, and
peripheral vascular disease °. D-dimer indicate a low grade of
the prothrombotic risk in patients with diabetes mellitus type
2, but a higher risk of vascular complications '. In type 2 di-
abetic patients with or without vascular complications fibri-
nogen concentrations do not indicate remarkable difference
and may not be an important causal factor for vascular com-
plications "', and it was found that diabetics had more fibri-
nogen in blood than healthy subjects . vVWF is an acute pha-
se protein and its plasma level increases in systemic in-
flammation. Hemostatic imbalance may contribute to the de-
velopment of cardiovascular disease in patients with type 2
diabetes mellitus. In patients with diabetes mellitus there is a
state of hypofibrinolysis and increased levels of vVWF . The
elevated levels of vVWF are correlated with atherosclerosis
and are associated with endothelial dysfunction in type 2 di-
abetes, as well as the development of diabetes in post-infarc-
tion patients 15 A recent research has shown that the incre-
ased VWF and D-dimer levels were associated with renal
dysfunction in patients with type 1 diabetes, suggesting that
endothelial dysfunction and hypercoagulability were associ-
ated with nephropathy in type 1 diabetes '°. Regular exercise
training has anti-inflammatory effects and can reduce the risk
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of future thrombotic events '’. The coagulation cascade plays
a critical role in the development of cardiovascular disease.
Exercise training is known to reduce cardiovascular disease
risk and through improved coagulation profile may contrib-
ute to this reduction '®. Single physical training has thrombo-
tic effect that results in an increase of the number and activity of
platelets, but regular exercise training attenuates these effects
and acting suppression of coagulation .

The aim of this study was to assess and compare corre-
lation between the coagulation and fibrinolytic state relating
to gender differences in diabetics with type 2 diabetes mel-
litus as well as an impact of exercise training both on the co-
agulation and fibrinolytic state and correlation between them.

Methods

Sudy design and study protocol

The study examined the impact of eight-week exer-
cise training (EWET) interval on markers of fibrinolysis, co-
agulation and inflammation in the patients with well-regula-
ted diabetes mellitus type 2 with regard to gender differen-
ces. The study was designed as longitudinal observational
study. The study was conducted in accordance with the Dec-
laration of Helsinki. All the procedures were previously ap-
proved by the Institutional Review Board and Ethics Com-
mittee of the Faculty of Medicine, University of Belgrade
(06-17512/62-12, No. 22/X1I-4-1 dd 22.03.2012). Sixty pati-
ents, 35 males and 25 females were enrolled in the study ac-
cording to the inclusions criteria. The purpose of the study
was clearly explained to the patients. All the subjects were
informed about the study protocol and they provided their
written consent before the beginning of the study. The inve-
stigation was performed in accordance with the ethical stan-
dards and according to the national and international guideli-
nes. For the purpose of the fibrinolytic and coagulation states
assessment, we analyzed D-dimer, vWF, fibrinogen level,
thrombin time (TT), prothrombin time (PT), activated partial
thromboplastin time (APTT) and coagulation factors: FII,
FV, FVII and FX. The inflammation status was assessed by
the high sensitivity C-reactive protein (hs-CRP) levels and
leukocytes count. Both fibrinolytic and coagulation states
were evaluated before and after EWET.

Physical exercise protocols

The training under supervision consisted of the aerobic
training with 30 minutes of brisk walking with a speed of 5
km/h and the exercise training program. The exercise trai-
ning was of an interval mode with intensity that was estima-
ted according to 75% of a maximum heart rate. The rest time
between exercise sessions was equivalent of the time spent
on exercises. The patients walked and trained 5 times a week
for 8 weeks. Each exercise session was completed in 45 mi-
nutes and consisted of warm up for 10 minutes at 50% of a
maximum heart rate in particular individual, intervals of 25
minutes at 75% of a maximum heart rate in particular indivi-
dual and 10 minutes cool-down period at 50% of a maximum
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heart rate in particular individual. The exercise program in-
cluded flexibility exercise, balance exercise, stretching, cir-
cles going forward, circles going backward, hip flexors
stretch, hip circles, arm circles, walking on toes and heals,
lunge and trunk rotation exercise.

The patients were selected on the basis of their medical
history and 60 patients with well-regulated diabetes passed
through all phases of the study. The inclusions criteria were
the age between 40 and 60 years, a stable clinical condition
and well-regulated diabetic status as revealed by glycated
haemoglobin (HbA 1c¢) in the range of 6.0-8.0%.

The patients on warfarin or heparin, which might affect
APTT and fibrinogen, were excluded from the study. The
exclusion criteria were recent surgery or illness, cardiac
arrhythmias, abnormal ECG during exercise treadmill testing
before the study, diabetic cardiomyopathy, uncontrolled
hypertension, uncompensated heart failure, severe valvular
heart disease and musculoskeletal conditions that would hin-
der safe completion of the proposed exercise protocols.

Coagulation tests

The analyzed parameters were evaluated by the samples
of drown blood in the patients before meal in the morning
period before and after intervention (the first day of the be-
ginning of the study and one day after the last training ses-
sion). All samples were assayed in duplicate. Venous blood
(4.5 mL) for the test of fibrinogen, D-dimer, FII, FV, FVII
and FX, APTT, TT and PT was collected in a fasting state in-
to cooled tubes (Vacutainer” system) using 3.2% trisodium
citrate as an anticoagulant, after centrifugation at 2,500 g for
15 minutes. All coagulation tests were performed by using
the Beckman Coulter ACL Elite Pro, Coagulation Analyzer.
APTT and TT were expressed directly in seconds (s), within
a normal range of 24.3-35.0 s and 11.0-17.8 s. The PT re-
sults were reported in seconds (11.8—15.1s). The coagulation
factors were expressed as ratio in %: FII (50.0%—-150.0%),
FV (62.0%-139.0%), FVII (50.0%-129.0%), FX (77.0%—
131.0%). The reference value for D-dimer was 255 ng/mL
and for fibrinogen, it was from 2.0 to 4.8 g/L. The determi-
nation of vVWF Ag was performed by using the automated
hemostasis analyzer Siemens BCS-XP (Siemens Healthcare
Diagnostics Inc. Marburg/Germany, von Willebrand reagent
REF OUBD37. The vWF Ag result was reported in percen-
tage of normality. The reference value for vWF was from
55% to 200%. All plasma samples were stored in the
polypropylene tubes at -80°C until used for the measure-
ment. The Le count with the reference value 3.4-9.7 x 10°/L
was determined by using the ADVIA 120 Hematology
System, Siemens. The high sensitivity CRP values with the
reference value 0-5 mg/L were analyzed by the commercial
kits of enzyme immunosorbent assay (ELISA).

Satistical analysis

The evaluated parameters were presented as mean values
with standard deviation (SD). The Student’s t-test was used to
assess a statistical difference between the mean values where a
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distribution was shown to be normal and the statistical signifi-
cance was set at p<0.05. The Pearson’s correlation coefficient
test was done in order to establish correlation between the conti-
nuous variables. The Student’s t-test was used for the paired and
unpaired samples to assess a statistical difference between the
mean values where distribution was shown to be normal. The
significance level of 0.05 was used for the correlation tests. The
statistical analyses were performed by using the Statistical Pac-
kage for the Social Sciences (SPSS, USA), version 19.0.

Results

Analysis of the average values of the evaluated para-
meters before and after EWET in relation to the gender diffe-
rences (Tables 1 and 2), revealed that there was a significant
decrease in the values of VWF in the males (t=3.488,
df=34, p<0.005) and the females (t=3.601, df= 24,
p<0.001) as well as the values of the TT in the males
(t=4.303, df= 34, p<0.001) and the females (t=3.401,
df = 24, p<0.005) after EWET. There was the significant
increase of the values of FVII both in the males within the
normal range (t =-4.354, df = 34, p<0.001) and the females
(t=-4.398, df =24 p<0.001), and the FX in the females
within the normal range (t=-2.685, df =24, p<0.05) after
EWET. Other parameters showed the non-significant chan-
ges during the evaluation period (fibrinogen, PT, D-dimer,
FII, FV, Le, APTT values) (p > 0.05).

The average reduction in the vWF value in the males was
10.32 with 95% confidence interval (CI) of 3.488. The eta-
squared value (0.26) showed a large effect of intervention.

The average reduction in the TT value in the males was
0.828 s with 95% CI of 4.303. The eta-squared value (0.35)
showed a large effect of intervention.

The average increase in the value of factor FVII coa-
gulation in the males was -11.45 with 95% of the confidence
interval -4.364. The eta-squared value(0.35) showed a large
effect of intervention.

The average reduction in the VWF value in the females
was 15.88% with 95% confidence interval of 3.601%. The eta-
squared value (0.35) showed a large effect of intervention.

The average reduction in the value of TT in the females
was 0.92 s with confidence interval of 3.401s. The eta-squa-
red value (0.32) showed a large effect of intervention.

The average increase in the value of FVII in the females
was 17.924% with 95% CI of -4.398%. The eta-squared va-
lue (0.44) showed a large effect of intervention.

The average increase in the value of FX in the females
was 6.74% with 95% CI of 2.685%. The eta-squared value
(0.23) showed a large effect of intervention.

According to the analysis of the average baseline values of
the evaluated parameters in relation to gender differences before
EWET (Table 3), there was a significant difference in the mean
values for vVWF between the males (106.25 +32.61%) (t=-
1.38, df = 19) and the females (124.28 + 24.62%) (t=-1.396,

df =18.77) (p < 0.05) with the values within the normal ran-
ge. Other parameters showed the non-significant changes as
baseline (TT, fibrinogen, PT, D-dimer, F II, FV, FVII, FX,
leukocytes, hs-CRP, APTT values) (p> 0.05) (Table 1).

According to the analysis of the average values for the
evaluated parameters in relation to the gender differences af-
ter EWET (Table 4), there were the significant differences in
mean values for fibrinogen between the males (4.75 £ 1.06
g/L) (t=-2.02, df=58) and the females (5.27 £0.88 g/L)
(t=-2.08, df= 56.57) (p<0.05), FV between the males
(113.88 +£20.37%) (t=-2.12, df=58) and the females
(131.80 £22.63%) (t=-2.13, df=52.24) (p<0.05), FVII
between the males (114.05+19.01%) (t=-3.291, df=58)
and the females (131.80 +22.63%) (t=-3.196, df =46.04)
(p<0.005), FX between the males (102.21 + 16.58%) (t=-
2.75, df =58) (p<0.01) and the females (113.08 + 12.59%)
(t=-2.88, df = 57.76) (p<0.01) with all values within the
normal range.

According to the analysis of correlation between base-
line inflammation and coagulation parameters in the males
before EWET (Table 5), there was a very strong positive cor-
relation between D-dimer and FII (t=0.85, p<0.01). There
was a strong positive correlation between hs-CRP and FII
(t=0.78, p<0.01), and hs-CRP and D-dimer (t=0.63, p<
0.01), D-dimer and fibrinogen (t = 0.67, p<0.01), fibrinogen
and FII (t=0.64, p<0.01). There is a week positive correlation
between hs-CRP and FV (r=0.366, p<0.05), hs-CRP and FVII
(r=0.373, p<0.05), hs-CRP and Le (r=0.355, p<0.05), and
FVII and D-dimer (r=0.37, p<0.05). There were the signifi-
cant positive moderate correlations between hs-CRP and fibri-
nogen (r=0.49, p<0.05), hs-CRP and FX (r=0.40, p<0.05),
fibrinogen and FV coagulation (r = 0.47, p<0.01).

According to the analysis of correlation between base-
line inflammation and coagulation parameters in the females
before EWET (Table 6), there were the significant moderate
positive correlations between hs-CRP and fibrinogen
(r=0.52,p<0.05), and FII (r=0.52, p<0.01).

According to the analysis of correlation between the in-
flammation and coagulation parameters in the males after
EWET (Table 7), there were strong positive correlations
between D-dimer and fibrinogen (r = 0.72, p<0.01), D-di-
mer and FII (r=0.76, p<0.01), fibrinogen and FII (r=0.61,
p <0.05). Also, there were the significant moderate positive
correlations between CRP and fibrinogen (r= 0.45,
p<0.01), Le and fibrinogen (r = 0.52, p<0.01), hs-CRP and
FII (r=0.50, p<0.05). There were the significant weak po-
sitive correlations between CRP and FVII (r=0.35,
p <0.05), fibrinogen and FV (r=0.35, p<0.05), D-dimer
and FV (r=0.39, p<0.05).

According to the analysis of correlation between the in-
flammation and coagulation parameters in the females after
EWET (Table 8), the negative correlation between D-dimer
and hs-CRP (r =-0.46, p < 0.05) was demonstrated.
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Table 1

Average values of evaluated parameters before and after
the 8-week exercise training (EWET) in the males with
diabetes mellitus type 2

Table 2

Average values of the evaluated parameters before and
after the 8-week exercise training (EWET) in the females
with diabetes mellitus type 2

Parameters relative to

Parameters relative to

EWET Mean + SD p EWET Mean + SD p

vWF (%) VvWF (%)

(55-200)* (55-200)*
before 106.26 + 32.618 <0.001%* before 124.28 + 24.62 <0.001*
after 95.94 +32.685 after 108.40 + 23.65

Thrombin time (s) Thrombin time (s)

(11.0-17.8)# (11.0-17.8)"
before 14.63 + 1.34 <0.001%* before 14.94 +1.32 <0.005*
after 13.84 +£1.07 after 14.02 £ 1.05

Fibrinogen (g/L) Fibrinogen (g/L)

(2.0-4.8)" (2.0-4.8)"
before 4.65+1.09 >0.05 before 521+1.20 >0.05
after 475+ 1.06 after 5.27+0.88

Prothrombin time (s) Prothrombin time (s)

(11.8-15.1)* (11.8-15.1)"
before 13.86 = 0.99 >0.05 before 13.56 £0.72 >0.05
after 13.69 £ 0.95 after 13.64 £0.74

D-dimer (ng/mL) D-dimer (ng/L)

(255)* (255)*
before 206.52 +141.47 >0.05 before 208.16 + 55.30 >0.05
after 206.58 + 137.85 after 211.64 +94.86

Factor II (%) Factor II (%)

(50-150)* (50-150)*
before 130.20 + 136.32 >0.05 before 118.71 £29.88 >0.05
after 134.02 £ 119.07 after 121.80 + 15.79

Factor V (%) Factor V (%)

(62-139)* (62-139)*
before 112.76 £19.03 >0.05 before 118.69 £21.95 >0.05
after 113.88 £20.37 after 125.15 £20.12

Factor VII (%) Factor VII (%)

(50-129) (50-129)*
before 102.60 = 22.84 <0.001* before 113.87 £23.10 <0.001*
after 114.05+ 19.01 after 131.80£22.63

Factor X (%) Factor X (%)

(77-131)* (77-131)*
before 97.71 £ 19.70 >0.05 before 106.34 £ 12.74 <0.05%*
after 102.21 +£16.58 after 113.08 +12.59

Hs-CRP (mg/L) Hs-CRP(mg/L)

(0-5)" (0-5)"
before 1.80 +2.55 >0.05 before 2.55+2.57 >0.05
after 2.20+3.25 after 2.49 £2.04

APTT (s) APTT (s)

(24.3-35.0)" (24.3-35.0)*
before 26.50+£2.19 >0.05 before 25.62 £2.55 >0.05
after 26.34 £2.35 after 25.48 £2.49

Leukocytes (10°/L) Leukocytes(10°/L)

(3.4-9.7) (3.4-9.7)*
before 6.85+2.14 >0.05 before 7.44 £1.60 >0.05
after 7.13+1.79 after 6.91+1.45

*normal value; *significant correlation at p < 0.05;

vWF — won Willebrand factor; CRP — C-reactive protein;
Hs-CRP - high sensitivity CRP; APTT — activated partial
thromboplastin time; SD — standard devations.
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Hs-CRP - high sensitivity CRP; APTT — activated partial
thromboplastin time; SD — standard devations.
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Table 3

Average values of the evaluated parameters before the 8-
week exercise training (EWET) in the males and females

with diabetes mellitus type 2

Table 4

Average values of the evaluated parameters after the 8-
week exercise training (EWET) in the males and females
with diabetes mellitus type 2

Parameters Sex Mean + SD p Parameters Sex Mean = SD p
vWF (%) m 106.26 + 32.61 <0.05* vWF (%) m 95.94 + 32.685 >0.05
(55-200)" f 124.28 + 24.62 (55-200)* f 108.40 +23.656
Thrombin time (s) m 14.63 +£1.34 >0.05 Thrombin time (s) m 13.84 +£1.07 >0.05
(11.0-17.8) f 14.94 +1.32 (11.0-17.8) f 14.02 +1.05
Fibrinogen (g/L) m 4.65+1.09 >0.05 Fibrinogen (g/L) m 4.75+1.06 <0.05%
(2.0-4.8)" f 521+1.20 (2.0-4.8)" f 5.27+0.88
Prothrombin time(s) m 13.86 +£0.99 >0.05 Prothrombin time(s) m 13.69 = 0.95 >0.05
(11.8-15.1)" f 13.56 £ 0.72 (11.8-15.1)* f 13.64 + 0.74
D-dimer (ng/L) m 206.52 + 141.47 > (.05 D-dimer (ng/L) m 211.42+£138.79 >0.05
(255) f 208.16 +55.30 (255) f 211.64+94.86
Factor IT (%) m 130.20 + 136.32 >0.05 Factor II (%) m 134.02+119.07 >0.05
(50-150)* f 118.71 +29.88 (50-150)* f 121.80+15.79
Factor V (%) m 112.76 + 19.03 >0.05 Factor V (%) m 113.88+20.37 <0.05*
(62-139)" f 118.69 £21.95 (62-139)* f 125.15+20.12
Factor VII (%) m 102.60 + 22.84 >0.05 Factor VII (%) m 114.05+19.01 <0.005*
(50-129)* f 113.87+23.10 (50-129)* f 131.80+22.63
Factor X (%) m 97.71 £ 19.70 >0.05 Factor X (%) m 10221 +16.58 <0.01*
(77-131)* f 106.34 + 12.74 (77-131)* f 113.08+12.59
Hs-CRP (mg/L) m 1.80 £2.55 >0.05 Hs-CRP (mg/L) m 220+3.25 >0.05
(0-5)* f 2.55+2.57 (0-5)" f 2.55+1.97
APTT (s) m 26.50 +2.19 >0.05 APTT (s) m 26.34 +2.35 >0.05
(24.3-35.0)" f 25.63 +2.55 (24.3-35.0)" f 2548 £2.49
Leukocytes (10°/L) m 6.85+2.14 >0.05 Leukocytes (10°/L) m 7.13£1.79 >0.05
(3.4-9.7)" f 7.44 + 1.60 (3.4-9.7)* £ 6.91 +1.45

*Significant correlation at p < 0.05; m — males; f — females. *Significant correlation at p < 0.05.

For other abbreviations see under Tables 1 and 2. For other abbreviations see under Tables 1 and 2.

Table S

Correlation between the baseline inflammation and coagulation parameters before the 8-week exercise training

(EWET) in the males with diabetes mellitus type 2

Parameters before CRP D-dimer Fibrinogen vWF

EWET test values p test values p test values p test values p
Fibrinogen 0.492* <0.05 0.673** <0.01 1 -0.044 >0.05
Factor I1 0.728%* <0.01 0.851%* <0.01 0.637%* <0.01 -0.211 >0.05
Factor V 0.366** <0.05 0.327 >0.05 0.467** <0.01 -0.185 >0.05
Factor VII 0.373* <0.05 0.367* <0.05 0.174 >0.05 -0.021 >0.05
Factor X 0.400* <0.05 0.232 >0.05 0.152 >(0.05 0.093 >0.05
vWF -0.144 >0.05 -0.220 >0.05 -0.044 >0.05 1

APTT 0.118 >0.05 0.043 >0.05 0.182 >0.05 -0.007 >0.05
Thrombin time -0.070 >0.05 -0.130 >(0.05 -0.542%* <0.01 0.022 >0.05
Prothrombin time -165 >0.05 -0.242 >0.05 -0.385 >0.05 -0.012 >0.05
Leukocytes 0.355* <0.05 0.203 >0.05 0.298 >0.05 -0.292 >0.05
Hs-CRP 1 0.633%* <0.01 0.492* >0.05 -0.144 >0.05
D-dimer 0.633** <0.01 1 0.673** <0.01 -0.220 > (.05

*Correlation is significant at the 0.05 level (2-tailed);**Correlation is significant at the 0.01 level (2-tailed).
For other abbreviations see under Table 1.

Trebinjac D, et al. Vojnosanit Pregl 2019; 76(2): 175-185.



Vol. 76, No 2

VOIJNOSANITETSKI PREGLED

Page 181

Table 6

Correlation between the inflammation and coagulation parameters before the 8-week exercise training (EWET) in the
females with diabetes mellitus type 2

Parameters  before CRP D-dimer Fibrinogen vWF
EWET test values p test values p test values p test values p
Fibrinogen 0.516* <0.01 -0.172 >0.05 1 -0.224 >0.05
Factor I1 0.069 >0.05 -0.294 >0.05 0.518** <0.01 -0.206 >0.05
Factor V 0.025 >0.05 -0.083 >0.05 0.158 >0.05 0.370* <0.05
Factor VII 0.021 >0.05 0.140 >0.05 0.174 >0.05 0.383* <0.05
Factor X 0.050 >0.05 -0.092 >0.05 0.052 >0.05 0.384* <0.05
vWF 0.100 >0.05 0.127 >0.05 -0.224 > (.05 1
APTT -0.213 >0.05 -0.238 >0.05 -0.214 >0.05 -0.139 >0.05
Thrombin time -0.435* <0.05 -0.065 >0.05 -0.752%* <0.01 0.107 >0.05
Prothrombin time -0.318 >0.05 -0.141 >0.05 -0.074 >0.05 -0.297 >0.05
Leukocytes -0.045 >0.05 0.128 >0.05 0.308* <0.05 -0.286 >0.05
Hs-CRP 1 -0.372 >0.05 0.516* <0.05 0.100 >0.05
D-dimer -0.372 >0.05 1 -0.172 >0.05 0.127 0.05
*Correlation is significant at the 0.05 level (2-tailed);**Correlation is significant at the 0.01 level (2-tailed).
For other abbreviations see under Tables 1 and 2.
Table 7

Correlation between the inflammation and coagulation parameters after the 8-week exercise training (EWET) in the
males with diabetes mellitus type 2

Parameters after CRP D-dimer Fibrinogen vWF
EWET test values p test values p test values p test values p
Fibrinogen 0.449%* <0.01 0.722%* <0.01 1 -0.039 >0.05
Factor 1T 0.501** <0.01 0.759** <0.01 0.607** <0.01 -0.114 >0.05
Factor V 0.297 >0.05 0.389* <0.05 0.348* <0.05 -0.052 >0.05
Factor VII 0.351* <0.05 0.296 >0.05 0.232 >0.05 -0.144 >0.05
Factor X 0.267 >0.05 0.430** <0.01 0.336* <0.05 -0.170 >0.05
vWF -0.101 >0.05 0.055 >0.05 -0.039 >0.05 1
APTT 0.220 >0.05 -0.120 >0.05 0.198 >0.05 -146 >0.05
Thrombin time -0.083 >0.05 -0.034 >0.05 -0.340 >0.05 -0.033 >0.05
Prothrombin time -0.195 >0.05 -0.174 >0.05 -0.262 >0.05 -0.296 >0.05
Leukocytes 0.252 >0.05 0.363* <0.05 0.523%** <0.01 0.236 >0.05
Hs-CRP 1 0.378* <0.05 0.449* <0.05 -0.101 >0.05
D-dimer 0.378* <0.05 1 0.722%* <0.01 -0.041 > (.05
*Correlation is significant at the 0.05 level (2-tailed);**Correlation is significant at the 0.01 level (2-tailed).
For other abbreviations see under Tables 1 and 2.
Table 8

Correlation between the inflammation and coagulation parameters after the 8-week exercise training (EWET) in the

females with diabetes mellitus type 2

Parameters after CRP D-dimer Fibrinogen vWF
EWET test values p test values p test values p test values p
Fibrinogen 0.059 >0.05 0.006 >0.05 1 -0.115 >0.05
Factor II -0.068 >0.05 -0.413* <0.05 0.432%* <0.05 -0.171 >0.05
Factor V -0.123 >0.05 -0.224 >0.05 0.031 >0.05 -0.042 >0.05
Factor VII 0.011 >0.05 -0.116 >0.05 -0.136 >0.05 0.105 >0.05
Factor X -0.053 >0.05 -0.126 >0.05 0.082 >0.05 -0.138 >0.05
vWF 0.059 >0.05 -0.018 >0.05 0.102 >0.05 1

APTT -0.086 >0.05 0.272 >0.05 0.031 >0.05 -0.173 >0.05
Thrombin time -0.010 >0.05 0.104 >0.05 -0.144 >0.05 -0.108 >0.05
Prothrombin time -0.208 >0.05 0.400 >0.05 0.109 >0.05 -0.308 >0.05
Leukocytes -0.327 >0.05 0.058 >0.05 0.180 >0.05 0.013 >0.05
Hs-CRP 1 -0.465% <0.05 0.059 >0.05 0.059 >0.05
D-dimer -0.465* <0.05 1 0.006 >0.05 -0.018 > (.05

*Correlation is significant at the 0.05 level (2-tailed);**Correlation is significant at the 0.01 level (2-tailed).
For other abbreviations see under Tables 1 and 2.
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Discussion

The present study was undertaken to explore the corre-
lation between the inflammation and coagulation state as
well as an impact of exercise training on this correlation in
diabetics. WF is associated with cardiovascular disease, type
2 diabetes mellitus and insulin resistance. The higher levels
of vWF are associated with a risk of cardiovascular disease
in people with type 2 diabetes mellitus or insulin resistance,
which suggests that vWF may be a risk factor unique to these
populations. In addition, the elevated levels of vWF are as-
sociated with an increased risk of cardiovascular disease in a
community-based sample, even after accounting for traditio-
nal cardiovascular disease risk factors .

Our study showed a significant decrease in the values of
vWF both in the males (p <0.005) and females (p < 0.001)
with diabetes mellitus type 2 after EWET and these results
correlated with recent researches. Creighton et al. > explored
the effects of an acute resistance exercise test on the primary
hemostatic system both in resistance-trained and untrained
individuals and concluded that reduced vWF in both groups
may be attributed to the training status. Androulakis et al. **
examined whether a high volume of training could lead to
the endothelial activation and/or dysfunction in professional
soccer players due to exercise-induced oxidative stress and
vWF antigen plasma levels were measured 1 day before and
after 7 weeks of strenuous exercise. It was showed that the
mean VWF Ag plasma levels were significantly decreased
from 95.1% + 26% to 88.3% + 27.2% at the end of the expe-
rimental period (p=0.018), suggesting a potential beneficial
effect on the endothelium. According to Jahangard et al. **, vWF
showed a significant reduction after 10 sessions of submaximal
aerobic cycling in sedentary healthy postmenopausal women.
We found the the significant differences in the mean values for
VWF between the males (106.25 +32.61%) and the females
(124.28 +24.62%) (p < 0.05) as baseline with a higher value in
the females within the reference value.

We showed the significant decreases in the values of
TT both in the males (p < 0.001) and females (p < 0.005) af-
ter EWET. Our findings demonstrated no differences in
APTT, PT and FII coagulation in diabetics and they were
consistent with the results obtained by Lamprechts et al. **
that showed no statistically significant differences between
pre- and post a single bout of walking exercise in APTT, FII
coagulation and PT in the obese women. A short-term exer-
cise in healthy subjects is usually associated with a signifi-
cant shortening of APTT * %, but according to our results
there was no differences in APTT after regular eight- week
training. According to Lockard et al. ' plasma prothrombin
fragment was found to decrease significantly with exercise
training three times a week in six months.

We found that the values of fibrinogen were distinctly
above normal in the females both as baseline and after study
and similar findings were reported by Kafle and Shrestha 2.
They found a significantly higher fibrinogen in patients with
diabetes than in controls and showed that fibrinogen was
significantly higher in diabetic patients with coronary artery
disease than in those patients who had only diabetes or

coronary artery disease. We found no changes in fibrinogen
concentration after intervention and these findings correlated
with a research of Bizheh and Jaafari al. >’ who examined an
effect of a single bout resistance exercise in sedentary middle
aged men on fibrinogen. According to a recent investigation,
physical training reduced fibrinogen concentration in patients
with coronary heart diseases who had long-term physical
training. It was determined that fibrinogen concentration
significantly increased after physical load in all the treatment
stages both in the coronary heart disease and the control gro-
up, while fibrinogen concentration gradually decreased in the
group of the trained patients after 1 year **, supporting that
physical training lasting for a longer period could effectively
reduce fibrinogen concentration.

A recent study showed a correlation between hs-CRP
and D-dimer in patients with pulmonary embolism **. Accor-
ding to our research, a stronger baseline correlation was fo-
und between hs-CRP and D-dimer than between hs-CRP and
fibrinogen in the males as baseline. In the females, a strong
positive correlation between hs-CRP and fibrinogen as base-
line was demonstrated, but there was no correlation between
those parameters after the study. In the females, a negative
correlation was demonstrated between hs-CRP and D-dimer
both as baseline and after the study. According to the Spe-
edwell Study, a positive correlation was shown between hs-
CRP and D-dimer and a much stronger association between
hs-CRP and fibrinogen in heart disease *°, and these findings
correlate with our findings as baseline. Also, according to a
recent research, hs-CRP correlated positively with fibrinogen
and D-dimer in hemodialysis patients *'. These findings cor-
relate with our findings which showed a strong positive cor-
relation between hs-CRP and either D-dimer or fibrinogen in
the males as baseline. In addition, we demonstrated a weak-
ness of this correlation in the males after EWET.

According to Long et al. ** , D-dimer did not correlate
positively with fibrinogen in diabetics. In our study, there
was no correlation found between D-dimer and fibrinogen
but only in the females. We demonstrated a strong correla-
tion between D-dimer and fibrinogen in the males both be-
fore and after the study.

FII is the main cause for hypercoagulable state and the
last target of coagulation cascade either from intrinsic or ex-
trinsic origin and they play a determinant role in initiation of
vascular complications in diabetics, while D-dimer indicate a
higher risk of vascular complications in patients with diabe-
tes mellitus type 2. According to our study, it was demon-
strated that a strong correlation between D-dimer and FII in
the males became moderate after the study. In the females,
there was a negative correlation between D-dimer and FII
either as baseline or after the study.

We demonstrated no change in hs-CRP concentration in
our study which correlated with the research done by Levin-
ger et al. ** on 56 middle-aged men and women. They sho-
wed that 10 weeks of resistance training did not alter
significantly the hs-CRP expression. In our research, we de-
monstrated a strong correlation between hs-CRP and FII in
the males as baseline, and a moderate correlation after inter-
vention, suggesting a potential benefit of EWET on the rela-
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tionship between coagulation and inflammation. In addition,
we showed no correlation between hs-CRP and FII in the
females either before or after the study, pointing to a weaker
association between coagulation and inflammation in the fe-
males in comparison with the males.

According to the analysis of correlation between base-
line inflammation and coagulation parameters in the males
before our study, there was a strong positive correlation bet-
ween D-dimer and either FII or fibrinogen as baseline that
stayed strong after the intervention, while those correlation
were negative in the females both before and after the study.
We found a weakness in correlation between hs-CRP and
either fibrinogen, FII, FV, FVII, FX, Le or D-dimer in the
males after the study, supporting effectiveness of the inter-
vention.

In a recent research, Dayer et al. ** obtained correlation
between FV and vWF in diabetics which was absent in a
normal mode, and, in addition, FV may bind to vWF 4 and
both findings correlated with our findings. We demonstrated
a moderate correlation between vWF and either FV, FII or
FX but only in the females, which completely disappeared
after the study, suggesting potential effect of the 8-week trai-
ning. We obtained moderate correlation between fibrinogen
and FV in the males as baseline, and a weak correlation after
8-week training suggesting both the higher coagulation state
and anti-coagulation effects of intervention in the males,
while there was no correlation between fibrinogen and FV in
the females either before or after the training, suggesting a
lower coagulation state in the females.

A recent study which investigated the correlation of the
coagulation indicators with the inflammatory markers for
sepsis in hematologic malignancy patients demonstrated that
the level of procalcitonin positively correlated with the
APTT and D-dimer level **. Our study showed the significant
moderate positive correlation between hs-CRP and fibrino-
gen both in the males and females as baseline as well as in
the males after EWET, but no correlation between hs-CRP
and fibrinogen in the females after the 8-week training. Si-
milar results were reported by Thor et al. *® as a strong posi-
tive correlation between hs-CRP and fibrinogen particularly
in diabetics which correlated with our findings. In addition,
they reported a correlation between hs-CRP and either fibri-
nogen or VWF in diabetics. According to them, there was no
correlation between fibrinogen and other markers of
hypercoagulability, thrombin-anti thrombin, prothrombin and
D-dimer, although the last three ones correlated with each
other. In our study there was no correlation between VFW
and hs-CRP. We showed a correlation between hs-CRP and
fibrinogen in the males both as baseline and after the trai-
ning, and, in addition, we showed a positive correlation bet-
ween hs-CRP and fibrinogen as baseline in the females,
which became not significant after the training. This result
supports an anti-inflammatory effect of EWET.

According to Alehagen et al. *’, patients with suspected
heart failure and low plasma concentrations of FII, FVII and
FXI had significantly higher mortality rate during the follow-
up period of 10 years as compared with those with a higher
plasma concentrations. Increasing in plasma concentrations
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of FII and FVII after exercise training may indicate a protec-
tive effect of training on mortality and a protective effect of
exercise training on hemorrhage. We demonstrated signifi-
cant increase within the normal range of FVII in the males
and little above normal range in the females after EWET,
suggesting a protective effect of training on mortality. Ac-
cording to Ruiz-Saez ** afibrinogenemia, FVII or FXI defici-
encies are the ones most commonly associated with venous
or arterial thrombosis. FVIla is significantly higher in the pa-
tients with type 2 diabetes mellitus *°. FVII deficiency is an
uncommon coagulation disorder that patient usually presents
with bleeding diathesis, but thrombotic event was reported in
patients with acute ishemic stroke *. Increasing of the FVII
levels in our study may indicate possible reduction of a risk
for venous or arterial thrombosis after 8-week training.

The function of FXa is unclear. Interesting results were
recently reported by Ku and Bae *'. The expression level of
the secretory group IIA phospholipase A2 is elevated in
inflammatory diseases and lipopolysaccharide upregulates
the expression. FXa suppressed the activation of cytosolic
phospholipase A2 and extracellular signal-regulated kinase
by lipopolysaccharide *'. According to a study by Bukowska
et al. ¥, FXa mediates inflammatory signaling in atrial tissue
by inducing an inflammatory signaling by activation of pro-
tease-activated receptors. Gleeson et al. ** pointed out to the
novel function concerning the FX as an endogenous, recep-
tor-associated protein-sensitive, protease-activated receptor
2-dependent regulator of myeloid cell proinflammatory
cytokine production. Further, exposure to the FX
significantly impairs pro-inflammatory cytokine production.
The FX inhibits the nuclear factor-kappa B activation in
THP-1 reporter cells requires phosphatidylinositol 3-kinase
activity for its anti-inflammatory effect **. We demonstrated
a significant increase of the FX level in the females within
the normal range after 8-week training. In addition, we de-
monstrated moderate positive correlation between hs-CRP
and FX in the males as baseline that became weak correla-
tion after the study, and none correlation between hs-CRP
and FX in the females. The increase in the plasma concen-
tration of the FX after EWET only in the females could sug-
gest the possible anti-inflammatory effect of exercise trai-
ning and should be examined in future research.

The main limitation of the present study is the relatively
small number of patients, but the study enrolled both men
and women in an adequate number to obtain the statistically
significant results. The major advantage of the present study
is an investigation of correlation between the inflammation
and coagulation state in relation to two sexes with diabetes,
which was insufficient in the previous researches. This lon-
gitudinal study may bring some new findings regarding ef-
fects of exercise training on treatment of patients with type 2
diabetes mellitus.

Conclusion

We demonstrated a statistically significant reduction in
the mean vWF levels after EWET training both in the males
and females with type 2 diabetes mellitus, suggesting a po-
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tential beneficial effect on the endothelial function parame-
ters. According to our research, a stronger correlation bet-
ween the coagulation and inflammation parameters in the
males than in the females as baseline was obtained, and, in
addition, we obtained the weakening of correlation between
the coagulation and inflammation parameters both in males

10.

11.

12.

13.

14.

15.

16.

and females after intervention, suggesting an anti-inflamm-
atory and anticoagulant effect of 8-week training. The effect
of exercise training on correlation between the coagulation
and inflammation state in the patients with both well-
controlled and poorly-controlled type 2 diabetes mellitus
should be explored in future.
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