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Good metabolic control is associated @
with decreased circulating factor Vlla-
antithrombin complexes in type 2 diabetes:

a cross-sectional study
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Abstract

Background Diabetes is associated with a prothrombotic state that contributes to cardiovascular (CV) events

in type 2 diabetes (T2DM). Activated factor VII (FVIla)- antithrombin (AT) complexes are indicative of tissue factor
(TF) exposure and have been associated with thromboembolic risk in coronary artery disease. To our knowledge
there have been no reports on FVila-AT complexes in T2DM, therefore we assessed factors that determine FVIla-AT
complexes in this disease and the impact of higher complexes on a prothrombotic state.

Methods In 108 T2DM patients (mean age 63.8 years, 52.8% men, median HbATc of 6.9 [interquartile range 6.1-8.2]
%) and 83 age- and sex-matched non-diabetic subjects, we measured FVIla-AT complexes. Metabolic control of
T2DM involved fasting glucose, glycated hemoglobin (HbA1c), albumin/creatinine ratio (ACR), and lipid levels. To
characterize a prothrombotic state, we determined thrombin generation parameters, fibrinolysis markers, and plasma
fibrin clot properties.

Results FVII-AT complexes in T2DM patients were similar to controls (73.6 [59.4-91.7] vs. 79.6 [59.2-97.1]pM,
respectively, p=0.30). The T2DM patients with FVIla-AT in the top vs. the bottom quartile had a larger prevalence of
active smoking and insulin use, along with higher fasting glucose (+36.4%), HbA1c (+27.4%), ACR (+72.8%), total
cholesterol (+34.5%), and LDL-cholesterol (+80%). FVIla-AT complexes showed no associations with in vitro thrombin
generation potential, plasma fibrin clot properties, or fibrinolysis variables. On multivariable analysis HbA1c, ACR, and
total cholesterol remained independently associated with FVIla-AT complexes in T2DM.

Conclusions This is the first study to show that in T2DM higher FVlla-AT complexes are associated with markers
of dyslipidemia and glycemia control, indicating that TF-induced coagulation activation could be suppressed by
achieving treatment targets.
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FVIla-AT complexes in type 2 diabetes
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FVIila-AT complexes >91.2 pM vs < 91.2 pM
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Factor FVlla-antithrombin (FVIla-AT) complexes reflect TF exposure in circulating blood.

FVlIla-AT levels increase in cardiovascular diseases. The current study shows than also

in type 2 diabetes FVIla-AT complexes increase in subjects with ACR>30 mg/g, HbA>7%,
fasting glucose>7 mmol/I, LDL cholesterol>2.6 mmol/I.

ACR- albumin/ creatinine ratio; HbAlc- glycated hemoglobin, TF- tissue factor, T2D- type 2 diabetes

Keywords FVIla-AT complexes, Type 2 diabetes, Glycated hemoglobin, Albumin/Creatinine ratio

Background

Type 2 diabetes (T2DM) is associated with a 2-fold
increase in the risk of ischemic stroke (IS) [1] and a 2-4-
times higher risk of myocardial infarction (MI) when
compared to a similar non-diabetic population [2]. The
incidence of adverse cardiovascular (CV) events is par-
ticularly high among patients with insufficient metabolic
control [3, 4]. The Danish nationwide registry involv-
ing more than 14,000 individuals with newly diagnosed
T2DM showed that good metabolic control mark-
edly reduced the incidence of major adverse CV events
(MACE) defined as MI, IS or death, however even in
patients with well-controlled glycemia (HbAlc<6.5%)
the 5-year risk of MACE exceeded 9% [5]. Urine albu-
min/creatinine ratio (ACR), a marker of diffuse micro-
vascular dysfunction [6], is associated with poor glycemic

control [7] and CV events including MI, IS, or death in
T2DM [8].

DM is associated with a prothrombotic state including
impaired fibrinolysis [9, 10]. Tissue factor (TF), the key
initiator of blood coagulation in vivo, is mainly expressed
on monocytes/macrophages, vascular smooth muscle
cells, adventitial fibroblasts, and extracellular vesicles
[11]. Active, circulating TF has also been detected in
plasma in femtomolar amounts [12].

Chronic hyperglycemia leads to endothelial dysfunc-
tion and contributes to enhanced monocyte and suben-
dothelial TF exposure to circulating coagulation factor
(F) VII with its active form FVIIa, which results in the
formation of TF-FVIIa complexes in the extrinsic coag-
ulation pathway [13, 14]. The complexes activate FIX,
which via FX and the prothrombinase pathway generates
thrombin and eventually leads to fibrin clot formation
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[15]. There is evidence for a TF-mediated procoagulant
state in T2DM [16]. In vitro studies showed that mono-
cytes exposed to advanced glycation end-products
(AGEs) or glycated albumin overexpressed surface TF
[13, 17]. TF-procoagulant activity measured using a two-
stage clotting assay which detects cell- and microparticle-
derived TF in whole blood, monocyte TF mRNA, and
FVII were increased in T2DM patients as compared to
controls, with further increase in TF procoagulant activ-
ity in hyperglycemia and hyperinsulinemia [18]. The
TE-FVIIa complexes are inhibited foremostly by anti-
thrombin (AT) and tissue factor pathway inhibitor (TFPI)
[19, 20]. AT replaces TF in the interaction with FVIIa,
forming stable FVIIa-AT complexes, which reflect intra-
vascular TF exposure and could represent markers of
TF-induced activation of blood coagulation [21]. Marti-
nelli et al. reported median FVIIa-AT complexes of 83.9
(76.7-92.8) pM in 140 individuals including those with
T2DM (8%) [22]. In patients with coronary artery disease
(CAD) FVIIa-AT complexes have been associated with
a significantly elevated risk of M, IS, systemic thrombo-
embolism, or death [22, 23]. It has been shown in CAD
patients that FVIIa-AT complexes were positively cor-
related with peak thrombin generation and endogenous
thrombin potential (ETP), also after adjustment for age,
sex, and CAD presence, while high-density lipoprotein
cholesterol (HDL-C) and triglycerides were independent
predictors of FVIIa-AT complexes [22].

To our knowledge, there have been no reports on
FVIIa-AT complexes in T2DM and its metabolic control.
Therefore we aimed to assess FVIIa-AT complexes, their
determinants, and their potential impact on a prothrom-
botic state in T2DM patients.

Patients and methods

Study design

This was a cross-sectional study that included consecu-
tive white patients aged >18 years diagnosed with T2DM
[24]. Patients were recruited in Krakow, Poland, between
October 2016 and July 2017, as previously described [25].
Signs of acute infection, arterial or venous thromboem-
bolic events within six months prior to inclusion, current
anticoagulant therapy, cancer, recent trauma or surgery,
autoimmune diseases, chronic kidney disease grade G4/
G5, and pregnancy were exclusion criteria. All subjects
provided written, informed consent. The Bioethics Com-
mittee at the Jagiellonian University Medical College
approved the study.

On enrolment, demographic and clinical data were col-
lected. Arterial hypertension was diagnosed based on the
following criteria: (1) history of hypertension; (2) antihy-
pertensive treatment prior to admission; or (3) systolic
or diastolic pressure>140 mmHg or =90 mmHg, respec-
tively. CAD was diagnosed in patients who presented
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angina symptoms and positive results of either non-
invasive testing or coronary angiography, or had a prior
history of MI or percutaneous coronary intervention.
Peripheral artery disease (PAD) was diagnosed based
on typical symptoms with an ankle-brachial index<0.9
or prior revascularization [26]. Chronic kidney disease
was defined as an estimated glomerular filtration rate
(eGFR)<60 mL/min measured on two separate occa-
sions [27]. We defined treatment targets for glycemic and
lipid control, at <7% HbA1lc and <2.6 mmol/L LDL-C for
moderate CV risk, as per current guidelines [28].

Healthy control subjects were recruited from partici-
pants of a preventive program conducted at our center.
We included individuals aged>18 years with no history
of chronic disease. Exclusion criteria were as follows:
acute infection, arterial or venous thromboembolic
events within six months prior to inclusion, fasting glu-
cose levels>7.0 mmol/L or known diabetes, known kid-
ney or liver disease.

Laboratory investigations

Fasting blood samples were obtained from an antecubi-
tal vein, between 6 and 8 AM and then divided into 250
uL aliquots which were stored in -80 °C until further use.
Basic laboratory parameters were measured at enrol-
ment, while IL-6, IL-8, coagulation and fibrinolysis-asso-
ciated proteins, the calibrated automated thrombogram,
and fibrin clot properties were assessed at the study
completion to ensure batch analysis. Samples obtained
from the control group were processed in the same way
as those from the study group. Routine laboratory tech-
niques were applied for blood cell counts, fasting glu-
cose, creatinine, and lipid profile. HbAlc was measured
bliy high-performance liquid chromatography using the
Variant II Turbo analyzer (Hercules, CA, US). The latex-
enhanced turbidimetric immunoassay was utilized to
measure high-sensitivity C-reactive protein (CRP) con-
centration using a Cobas 6000 analyser (Roche Diagnos-
tics, Mannheim, Germany; Hitachi High-Technologies
Corporation, Tokyo, Japan), while commercially available
ELISA kits were used to measure plasma interleukin 6
(IL-6) and 8 (IL-8, R&D Systems, Minneapolis, MN, US).

The Clauss method was used to determine fibrinogen,
while chromogenic assays were employed to measure
levels of plasminogen and o2-antiplasmin (Siemens,
Munich, Germany).

Immunoenzymatic assays were used to measure FVIIa-
AT complexes (Diagnostica Stago, Gennevilliers, France,
detection limit 40 pM). The FVIIa-AT complex levels
were measured in 2022 in plasma aliquots thawed for the
first time.
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Calibrated automated thrombogram

The thrombin generation test was performed using the
assay introduced by K. Mann as described [29]. Briefly,
citrated plasma samples upon addition of the corn tryp-
sin inhibitor were mixed with relipidated TF at a final
concentration of 5 pM, and fluorogenic substrate, benzy-
loxycarbonyl-Gly-Gly-Arg-7-amido-4methyl-coumarin
(Bachem, Torrance, CA, US) in a 96-well plate, followed
by incubation to allow for plasma recalcification. A
phospholipid vesicle solution (Avanti Polar Lipids, Inc,
Alabaster, AL, US) was added to plasma samples to ini-
tiate thrombin generation. Fluorescence was recorded
immediately following hydrolysis of the 7-amino-4-meth-
ylcoumarin substrate and the results were converted
to thrombin concentrations using a calibration curve
derived from sequential dilutions of human thrombin
produced in-house [30]. The analysis was performed
using the Gen5 plate reader software (BioTek, Winooski,
VT, USA). The results encompassed: time following addi-
tion of the trigger until initiation of thrombin generation
(lag phase, seconds), peak thrombin (nmol/L), time to
reach the peak (time-to-peak, seconds), and area under
the curve (ETP, nM x seconds).

Fibrin clot properties

Fibrin clot permeability was determined as described
[31]. Briefly, we added 60 pL of a coagulation trigger con-
taining 1 IU/mL human thrombin and 20 mM CacCl, to
60 pL of citrated plasma. Tubes containing the clots were
connected to a reservoir of a buffer and the volume of
percolating buffer within 1 h was measured. A perme-
ation coefficient (K;) as a measure of the average size
of fibrin clot pores, was calculated using the equation:
K=QxLxn/txAxAp, where Q is the flow rate in time (t);
L, the length of a fibrin gel; 1, the viscosity of liquid (in
poise); A, the cross-sectional area (in cm?), and Ap, a dif-
ferential pressure (in dynes per cm?).

Clot lysis time (CLT) was assessed as described [32].
In short, we mixed 100 pL of citrated plasma with 15
mmol/L CaCl,, 0.6 pM human TF (Innovin, Siemens), 12
umol/L phospholipid vesicles and 60 ng/mL recombinant
tPA (Boehringer Ingelheim, Ingelheim, Germany). We
measured absorbance at 405 nm, 37 °C. CLT was defined
as the time from the midpoint of the clear-to-maximum-
turbid transition (clot formation), to the midpoint of the
maximum-turbid-to-clear transition (clot lysis).

The inter- and intra-assay variability for the measure-
ment of Ks and CLT were <8%.

Statistical analysis

Statistical analyses were conducted using R Software
(version 4.3.2). Clinical characteristics were described as
mean (standard deviation) for normally distributed vari-
ables and median (interquartile range) for non-normally
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distributed variables. Qualitative data were presented
as numbers and percentages. Normality of distribution
was assessed using the Shapiro-Wilk test, and variances
were compared using the F-test. To compare the means
of two independent groups, either the t-test (with equal
or unequal variance) or the Wilcoxon rank sum test
was employed. To compare the four groups categorized
by quartiles of FVIIa-AT complexes, we utilized either
ANOVA or the Kruskal-Wallis test (post hoc analysis was
conducted using pairwise t-tests with Bonferroni correc-
tion). The homogeneity of variance was assessed using
the Bartlett test.

The Chi-square test or Fisher exact test were used to
analyze associations for qualitative data. We fitted the
univariable regression models to identify significant pre-
dictors of FVIIa-AT complexes. Based on results from
univariable analysis and considering biologically sound
hypotheses, we chose the following variables for mul-
tivariable analysis: smoking, insulin use, HbAlc, ACR,
total and LDL-C, CRP, as well as age and sex. We selected
a multivariable model through best (forward or back-
ward) stepwise computer-assisted selection using a p
value of 0.05 as the threshold for adding a variable. A p
value <0.05 was considered statistically significant.

Results

The study involved 108 patients, aged 63.8 (8.2) years,
52.8% male, with a median time since T2DM diagnosis
of 7.0 (3.0-15.0) years (Table 1). Most patients (92.6%)
had hypertension, while 46.3% had co-existing CAD,
with 17.6% MI survivors. The median HbAlc was 6.9
(6.1-8.2)%. Microvascular complications were diagnosed
in 15.8% of patients, including 9.5% neuropathy, 6.3%
nephropathy, and 3.2% retinopathy.

Patients and controls were similar in terms of age, sex,
and smoking status (Supplementary Table S1). As com-
pared to controls T2DM patients had higher BMI, white
blood count, creatinine, fasting glucose, CRP, and fibrin-
ogen levels, while they had lower cholesterol levels, likely
attributable to statin use (Supplementary Table S1).

The FVIIa-AT complexes in T2DM ranged from 39.7 to
118.4 pM (median 73.6 [59.4-91.7] pM) and were similar
to values measured in age- and sex-matched apparently
healthy control individuals (median 79.6 [59.2-97.1] pM,
p=0.34).

Patients with FVIIa-AT complexes in different quartiles
shared similar demographic and clinical characteristics,
including macrovascular and microvascular complica-
tions, with the exception of active smoking, which was
four times more frequent in patients with FVIIa-AT com-
plexes in the top quartile, as compared to the bottom one
(Table 1), however current smokers (#=17, 15.7%) had
similar FVIIa-AT complexes as compared to non-smok-
ers (75.3 [63.7-99.5] vs. 72.8 [58.9-88.6] pM, p=0.15).



Gastot et al. Cardiovascular Diabetology (2024) 23:398 Page 5 of 11

Table 1 Patient characteristics according to quartiles of plasma factor Vlla-antithrombin (FVIla-AT) complexes

FVlla-AT complexes [pM]
All patients Q1 Q2 Q3 Q4 p value
(n=108) (39.7-59.5) (59.5-73.5) (73.5-91.2) (91.2-118)

Age, years 63.8 (8.2) 64.2 (7.1) 63.4(9.2) 64.6 (7.7) 62.2 (8.7) 0.71

Men, n (%) 57 (52.8) 14 (51.9) 12 (44.4) 16 (59.3) 15 (55.6) 0.73

BMI, kg/m2 321 32 30.2 321 32.7 0.73
(294;37.2) (304; 34.6) (27.9;37) (30;35.5) (29.4;38.3)

Time since diagnosis, years 7(3;15) 5(2;15) 8(4,185) 6(3;11) 7.5(5.3;15) 040

Current smoking, n (%) 17 (15.7) 2(74) 6(22.2) 1(.7) 8(29.6) 0.03

Comorbidities, n (%)

Hypertension 100 (92.6) 26 (96.3) 25(92.6) 26 (96.3) 23(85.2) 0.52

Coronary artery disease 50 (46.3) 11 (40.1) 13 (48.1) 17 (62.9) 9(33.3) 0.16

Prior myocardial infarction 19(17.6) 2(7.4) 7(25.9) 6(22.2) 4(14.8) 030

Peripheral artery disease 10(9.3) 3(11.1) 13.7) 5(185) 13.7) 027

Chronic kidney disease 15(13.9) 1(3.7) 4(14.8) 5(185) 5(18.5) 0.25

Microvascular complications*, 15 (16.5) 2(8.0) 5(227) 1(5.0) 7(29.2) 0.09

n (%)

Pharmacotherapy, n (%)

ASA 70 (64.8) 20 (74.1) 15 (55.6) 19 (70.4) 16 (59.3) 047

Clopidogrel 9(83) 1(3.7) 2(74) 4(14.8) 2(74) 0.62

ACE-| 60 (55.6) 16 (59.3) 15 (55.6) 16 (59.2) 13 (48.2) 0.83

Statin 71 (65.7) 22 (81.5) 17 (63.0) 17 (63.0) 15 (55.6) 0.22

Metformin 81 (75.0) 20 (74.1) 20 (74.1) 19 (70.4) 22 (81.5) 0.82

DPP V- 7 (6.5) 2(74) 0(0) 2(74) 3(11.1) 0.51

SGLT2-l 5 (4.6) 1(3.7) 2(74) 1(3.7) 1(3.7) 1

Insulin 43 (39.8) 6(22.2) 11 (40.7) 9(333) 17 (63.0) 0.02

Basic laboratory parameters

WBC, 74(1.7) 76(1.7) 75(1.7) 7.2(1.8) 74(1.5) 0.84

x 107 cells/L

Hemoglobin, g/dL 13.7(1.3) 13.5(1.1) 14(1.3) 13.9(1.0) 139(1.4) 0.66

PLT, 232 (61.2) 246.2 (69.8) 237.7 (60.8) 217.7 (57.1) 224.7 (54.1) 032

x 107 cells/L

Creatinine, umol/L 76 75 79 76 77 093
(66;9.8) (68; 85) (67.5;93.5) (67;85) (60; 96)

CRP, mg/L 25 15 29 15 35 0.04**
(1.1,4.8) (0.9;34) (1.6;5.4) (1.1;3.5) (2,5.7)

Interleukin-6, pg/mL 37 3.7 40 32 38 0.92
(2.6;5.9) (2.1;6.2) (3.0;5.1) (2.7;5.7) (2.9,6.3)

Interleukin-8, pg/mL 5.0 55 50 52 53 0.95
(3.9;8.1) (3.2;8.2) (4.1;6.5) (4;8.1) (3.9;83)

Parameters of metabolic control

Fasting glucose, mmol/L 7.3 (6;8.6) 6.6 (6.1,7.5) 6.9 (5.9;8.0) 7.1(5.8;8.1) 9.0(6.7,11.0) 0.02°

HbAlc, % 6.9 6.2 6.7 7.2 79 <0.00712b¢
6.1;82) (5.8;6.9) 6.1,7.9) 6.1;84) (7.3;96)

ACR, mg/g 76 49 73 76 180 <0.001*P
(4.0;21.5) (3.7,7.5) (3.7,16.7) (4.5;23.3) (7.8;65.7)

Total cholesterol, mmol/L 42 36 4.1 48 55 <0.0012P
(3.5;53) (3.0,4.2) (3.9,4.8 (34;54) (4.2,6.2)

LDL-C, mmol/L 2.5 20 25 2.5 36 <0.001°
(1.8;3.5) (1.6;26) (22,29 (1.8;3.7) (26;4.2)

HDL-C, mmol/L 1.2 1.1 1.2 14 1.1 0.24
(1;1.5) 09;14) (1.1;1.5) (1.1;1.6) (1;1.4)

Triglycerides, mmol/L 1.5 (1.2,2.0) 1.3(1.0;1.9) 15(1.2,1.9) 14(1.2,1.8) 1.9(1.52.2) 0.03**

Coagulation- and fibrinolysis-associated factors

Fibrinogen, g/L 35 35 33 35 37 0.26

(3.2,39) (3.2,38) (3;3.7) (32,39 (33,39
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FVlla-AT complexes [pM]

All patients Q1 Q2 Q3 Q4 p value
(n=108) (39.7-59.5) (59.5-73.5) (73.5-91.2) (91.2-118)
o2-antiplasmin, % 104 106 104 103 100 0.30
(98;110) (102; 112) (98.50 108) (97;107) (95;111.5)
Plasminogen, % 109 107 109 110 118 034
(100; 119) (98;117) (101;117.5) (101;119) (104.5; 125.5)
Thrombin generation
Lag Phase, s 1008 1008 (822.8; 1066.5 (787; 1011.5(777.3; 1040.5 (754.5; 0.80
(774.0; 1326.5) 1189.8) 1212) 1654.8) 1437)
Peak thrombin, nM 1176 119.1 1179 121.7 107.3 0.94
(89.6; 155.7) (98.3;150.8) (89.3,157.6) (95.7,152.7) (85.6;155.6)
Time-to-peak, s 1379 1359 1405 1392 1379 0.96
(1112;1847) (1154;1733) (1125;1694) (1130;1907) (1028;1973)
ETP.nMx s 106,823 107,705 111,969 102,874 104,251 0.62
(29,686) (20,702) (31,497) (36,594) (30,474)
Fibrin clot properties
Ky X1 0°° 6.5(0.9) 6.7(0.7) 6.3(0.9) 6.3(0.9) 6.5(09) 0.30
CLT, min 95.1 (19.1) 90.8 (18.7) 99.7 (20.6) 99 (20.2) 91.6 (17.6) 0.19
Note: Post hoc analyses: significant differences between: a- Q1 and Q4, b- Q2 and Q4, c- Q3 and Q4;
*microvascular complications defined as retinopathy, neuropathy, or nephropathy
**non-significant in post hoc analysis
A p=0.02 B p<0.001 C $<0.001
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Fig. 1 FVila-AT complexes with regard to A- insulin use, B- total cholesterol level, C- LDL cholesterol level, D- fasting glucose, E- glycated hemoglobin,

F- albumin/creatinine ratio

There were no differences in pharmacotherapy asso-
ciated with FVIIa-AT complexes (Table 1) apart from
insulin, which was used more commonly in patients with
FVIIa-AT complexes in the top quartile as compared
with the bottom one (Table 1). Patients on insulin (7=43,
39.8%) had a median level of FVIIa-AT complexes of 83.4
(66.7-99.5) pM which was 12.9% higher when compared
with those using oral antidiabetic agents (=65, 60.2%,

70.5 [57.9-87.8] pM, p=0.02, Fig. 1A). This corresponded
with differences in fasting glycemia (7.8 [6.2—-11.0] vs. 6.9
[5.9-7.9] mmol/L, respectively, p=0.02) and HbA1lc (8.2
[7.6-9.2] vs. 6.3 [5.8-7.0]%, respectively, p<0.001).
Regarding laboratory investigations shown in Table 1,
patients with FVIIa-AT complexes in the top quartile
had higher CRP but not IL-6 or IL-8 as compared with
the bottom one; the association was lost in the post hoc
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Fig. 2 Correlations between FVIla-AT complexes and parameters of glycemic control

analysis. Total cholesterol and LDL-C were higher in
individuals with FVIIa-AT complexes in the top quar-
tile as compared to the bottom one by 52.0% and 77.6%,
respectively. We observed a positive association between
FVIIa-AT complexes and triglycerides, but it was lost in
the post hoc analysis. Patients with total cholesterol>5
mmol/L (n=35, 32.4%) had 30.3% higher FVIIa-AT com-
plexes when compared to the remainder (n=73, 67.6%;
88.6 [75.2-105.0] vs. 68.0 [57.2-80.6] pM, respectively,
p<0.001, Fig. 1B), while those with LDL-C>2.6 mmol/L
(n=51, 47.2%) had 23.6% higher FVIIa-AT complexes,
as compared to the remainder (n=57, 52.8%, 83.4 [70.5—
99.3] vs. 67.5 [53.3-80.6] pM, p<0.001, Fig. 1C).
FVIIa-AT complexes correlated with total cholesterol
and LDL-C (r=0.46, p<0.001 and r=041, p<0.001,
respectively). We found a similar prevalence of statin
use in patients with FVIIa-AT complexes in the quartile
analysis (Table 1). We found no association between lipid
levels and FVIIa-AT complexes in the control group.

FVlla-AT complexes and glycemia control

Patients with FVIIa-AT complexes in the top quartile
had 36% higher fasting glucose as compared to the bot-
tom one (Table 1). Fasting glucose correlated with FVII-
AT complexes (r=0.28, p=0.003, Fig. 2A). In patients
with fasting glucose>7 mmol/L (n=60, 55.6%) FVII-AT
complexes were 13.3% higher than in the remainder (77.7
[64.3-98.2] vs. 68.6 [58.3-84.0] pM, p=0.02, Fig. 1D). We
found no association between fasting glucose and FVIIa-
AT complexes in the control group.

Patients with FVII-AT complexes in the top quartile
had 27.4% higher HbAlc, when compared to those in
the bottom quartile (Table 1). HbAlc showed a positive
correlation with FVIIa-AT complexes (r=0.40, p<0.001,
Fig. 2B). Patients with HbAlc>7% (n=>51, 47.2%) pre-
sented with 30% higher FVIIa-AT complexes, when
compared to the remainder (84.6 [71.6-90.7] vs. 65.1
[55.1-80.3] pM, p<0.001; Fig. 1E).

Patients with ACR>30 mg/g (n=23, 21.3%) had 44.6%
higher FVIIa-AT complexes than the remainder (99.5
[88.4-105.0] vs. 68.8 [57.8—-80.3] pM, p<0.001; Fig. 1F).

Table 2 FVIla-AT complex predictors on multivariable regression
Variable

Multivariable model 1 Multivariable model 2

Estimate (95% p Estimate (95% p
ql) value QI value

Age, years 0.11(-0.33;0.56) 0.61
Gender -1.27 (-8.25;5.70) 0.72
HbA1c, % 3.08 (0.48; 5.69) 0.02 3.22(0.56;587) 0.02
Total choles- 5.78(1.76;9.81) 0.005 5.81(1.73;9.88) 0.01
terol, mmol/L

LDL-C, mmol/L  -1.40(-5.91;3.10) 0.54 -1.34(-591;3.23) 0.56
ACR, per 0.61(0.02;1.19) 0.04 0.62(0.02;1.22) 0.04
10 mg/g

CRP, mg/L 0.21(-038;0.81) 048 0.24 (-0.38;0.85) 045
Insulin use 5.10(-3.49;13.70) 0.24 5.06(-3.61;13.74) 0.25

ACR showed a potent positive correlation with FVIIa-AT
complexes (r=0.59, p<0.001, Fig. 2C). In patients with
FVIIa-AT complexes in the highest quartile, ACR was
3.6-fold higher than in the first quartile (Table 1).

FVlla-AT complexes and coagulation/fibrinolysis
parameteres

There were no associations of FVIIa-AT complexes with
thrombin generation markers, fibrinolysis proteins, or
plasma fibrin clot properties (Table 1).

Multivariable analysis

Following univariable analysis with the exclusion of sig-
nificant collinearity between parameters of glycemia and
lipid control, we built two multivariable models to iden-
tify independent predictors of FVIIa-AT complexes in
T2DM. Model 1 included HbAlc, ACR, total cholesterol,
LDL-C, CRP, and insulin therapy, while model 2 addi-
tionally contained age and sex (Table 2). On multivariable
analysis HbAlc, ACR, and total cholesterol remained
independently associated with FVIIa-AT complexes
(Table 2).

Discussion

Our study is the first to show that T2DM patients with
higher FVIIa-AT complexes are characterized by less
optimal metabolic control as evidenced by higher fasting
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glucose, HbAlc, ACR, and cholesterol. Of note, FVIIa-
AT complexes in our group with a median HbA1lc of 6.9%
were similar to those observed in matched control sub-
jects, like in patients with CAD and their controls [22].
Importantly, enhanced TF-mediated activation of blood
coagulation can be observed at higher HbAlc with albu-
minuria and hypercholesterolemia indicating that poor
metabolic control in T2DM may drive this mechanism
contributing to increased CV risk. Our findings suggest
that higher FVIIa-AT complexes could represent a novel
coagulation marker of insufficiently controlled T2DM
with the most potent association with microalbuminuria,
which is not related to inflammation, plasma thrombin
generation potential, or fibrin clot properties.

The current cohort represents typical T2DM patients
in terms of demographic, clinical, and basic laboratory
parameters, however total cholesterol and LDL-C tended
to be lower when compared to an otherwise similar Pol-
ish population of patients with T2DM [33]. Better meta-
bolic control in our study is likely attributable to the fact
that our cohort involved solely patients with established
T2DM treated in a specialist center. The use of insu-
lin was relatively frequent [34], while sodium-glucose
transport protein 2 (SGLT2) inhibitors or glucagon-like
peptide 1 (GLP-1) agonists were prescribed uncom-
monly (4.6% and 0, respectively) in comparison to 8.8%
and 2.1%, respectively, in the current worldwide statistics
[35], however there is no evidence for a specific effect of
these agents on FVIIa-AT complexes.

Our key novel observation is that circulating FVIIa-
AT complexes are related to glycemic control, expressed
as HbAlc or ACR. Given the fact that FVIIa-AT com-
plexes correlate with FVII and FVIIa [36], our results
expand data from a few small reports showing that TF,
FVII, and FVIIa may be associated with diabetic con-
trol. In 80 T2DM patients with co-existing CAD there
were correlations of HbAlc levels with circulating TF
(r=0.54, p<0.001) and FVIIa (r=0.47, p<0.001) [37]. In
50 patients with T2DM there was a positive correlation
between monocyte TF expression and HbA1c [38]. Simi-
lar observations were made in 13 young patients with
T1DM, in whom an improvement in HbAlc was asso-
ciated with a decrease in FVII [39]. Kario et al. showed
correlations between FVIIa and FVIIa/FVII antigen ratio
with ACR in 67 T2DM patients [40]. Our study docu-
mented in a larger T2DM group that the higher HbAlc
and albuminuria, the higher FVIIa-AT complexes in cir-
culating blood. A recent analysis of more than 23,000
patients, 8.8% of whom had DM, demonstrated that
increasing ACR within the normal limit of <30 mg/g
was strongly associated with long-term mortality, inde-
pendently of the absence or presence of diabetes [41].
Based on our observations, it might be speculated that
enhanced TF-mediated coagulation contributes to higher
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mortality in diabetic and non-diabetic subjects with
higher ACR. Taken together, one may suggest that a strict
glycemic control, evidenced by low HbAlc and ACR,
may reduce FVIIa-AT complexes indicative of increased
TF exposure, which might have clinical consequences.

We found that cholesterol is an independent predic-
tor of FVIIa-AT complexes in T2DM, which is consis-
tent with data from a general population of almost 3,500
individuals aged 65 or older, showing an association
between total cholesterol and FVIIa-AT complexes [36].
No such correlations were reported in CAD cohorts,
where around 20% of patients had co-existing T2DM [22,
23]. This could be related to differences in patient char-
acteristics. While in the current study men and women
were similarly represented, and 15.7% were active smok-
ers, both CAD cohorts involved predominantly men and
smokers (68% current or former smokers in the study by
Martinelli et al. and 38% of current smokers in the study
by Paszek et al.), in whom total cholesterol and LDL-C
were higher [22, 23]. The lack of correlation between
FVIIa-AT and lipid levels in the control group also sug-
gests that the effect of lipids on FVIIa-AT could depend
on the population tested and its characteristics. Smok-
ing has been associated with FVIIa-AT complexes [23,
36]. We found a high percentage of smokers in the group
with the highest FVIIa-AT complexes when compared to
those with the lowest, however the total number of smok-
ers was probably too low to demonstrate a difference in
FVIIa-AT complexes between smokers and non-smok-
ers. It has been reported that statins reduce TF expres-
sion in various experimental models [42]. Martinelli et
al. showed that patients with advanced CAD and high
FVIIa-AT complexes were less likely to receive statins
[22]. We did not observe statin-related differences in
FVIIa-AT complexes in T2DM, which could be explained
by the fact that only 46% in our cohort had CAD and the
overall total cholesterol and LDL-C levels were signifi-
cantly lower. It might be speculated that the association
of statins with FVIIa-AT complexes may by modified by
additional factors, such as atherosclerotic burden and
baseline cholesterol concentrations. Mechanisms behind
the association of blood cholesterol with circulating
FVIIa-AT complexes requires further investigation.

It is known that in several clinical conditions, plasma
thrombin markers such as prothrombin fragments 142,
thrombin-antithrombin complexes, and fibrinopeptide
A, show no or weak associations with the plasma throm-
bin generation capacity in vitro with two key parameters:
ETP and peak thrombin generated [43, 44]. In diabetic
patients we did not observe associations between FVIIa-
AT complexes and variables describing thrombin genera-
tion such as lag time, peak thrombin levels, time-to-peak,
or ETP, measured in vitro using a calibrated automated
thrombogram. Campello et al. have also not reported any
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correlation between FVIIa-AT and ETP, lag time, or peak
thrombin levels in overweight and obese individuals [45].
This finding is in line with studies by Landgrebe et al. on
patients with obesity, 30% of whom were diabetic, where
no correlation was found between FVII-AT complexes or
FVIIa and thrombin generation expressed as circulating
F 1+2 levels and fibrin clot properties [46, 47]. Similarly,
no correlation between FVIIa and F 1+2 was found in
healthy volunteers [48] or patients with coronary artery
disease [49]. This is in agreement with a suggestion by
Pieters and de Maat [50] that FVIIa may act as a silent
‘primer’ for the procoagulant state, which boosts throm-
bin generation, albeit in the presence of additional pro-
thrombotic factors. In line, Martinelli et al. have reported
an association between higher FVIIa-AT complexes and
higher ETP and peak thrombin, using a slightly different
assay, but in patients with advanced CAD with higher
total cholesterol (5.2 [1.1] vs. 4.2 [3.5-5.3] mmol/L) and
LDL-C (3.4 [0.9] vs. 2.5 [1.8-3.5] mmol/L) and a large
(68% vs. 58% of active or former smokers) prevalence of
active smokers [22]. It might be speculated that in T2DM
the differences related to advanced CAD are abolished,
which might be confirmed by the finding that diabetic
CAD patients had similar FVIIa-AT complexes as com-
pared to the remaining T2DM patients [22, 23]. In T2DM
multiple additional prothrombotic mechanisms are
involved in the prothrombotic state, including platelet-
derived— and complement-mediated pathways [51], but
their contribution was beyond the scope of this study.

The fact that we did not observe differences in FVIIa-
AT complexes between T2DM patients and controls
deserves a comment. Although surprising, it is consistent
with the results of a large population study, where DM
did not influence FVIIa-AT complexes [36]. We hypothe-
size that such similar levels could be attributable to good
glycemic control in our cohort, as indicated by a median
HbAlc of 6.9 (6.1-8.2)%, suggesting that the quality of
disease control, and not the diagnosis itself, is of greater
importance for an upregulation of TF-related blood
coagulation. In further support of this, El-Hagracy et al.
showed significantly higher TF and FVIIa levels in T2DM
patients, with a mean HbA1lc of 9.9 (2.0)%, as compared
to controls with a mean HbAlc of 5.2 (0.6)% [37].

Study limitations

Our study has several limitations. First, the sample size
was relatively small but representative for typical T2DM
patients in Europe, hence the results should be inter-
preted with extreme caution. We did not measure FVII
or FVIIa, however associations between FVII or FVIIa
and FVIIa-AT complexes have been shown in several
studies [21, 22, 45, 52]. Therefore it is highly likely that
FVII levels correlate with FVIIa-AT also in diabetic
patients. We have decided to use FVIIa-AT complexes as
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it is a stable, reliable measure of intravascular TF expo-
sure [21]. We did not measure AT but there is no associa-
tion with FVIIa-AT complexes, as reported among others
by Spiezia et al. [52]. Inherited AT deficiency is very rare
(a prevalence of 0.02— 0.2%) in the general population,
hence any significant effect of various AT levels on FVIIa-
AT complexes is rather unlikely in our study. The impact
of storage time might have affected the results but this
probability is very low since a similar approach has been
successfully used in previous seminal studies including
the Verona Heart Study [22]. Unfortunately, thrombin
generation was not measured in the control group, there-
fore associations between its parameters and FVIIa-AT
complexes have not been evaluated. Finally, the study
design did not include long-term follow-up to assess a
potential effect of FVIIa-AT complexes on thromboem-
bolic events in T2DM patients, which is likely given data
from CAD cohorts [22, 23].

Conclusions

The current study shows a novel association between gly-
cemic and lipid control expressed as HbAlc, ACR, and
cholesterol levels with FVIIa-AT complexes, indicators
of TF-induced activation of blood coagulation in T2DM.
This hypothesis-generating investigation should stimu-
late further cohort studies to evaluate whether indeed
higher FVIIa-AT complexes can predict MACE in T2DM
patients.
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