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Increased tissue factor activity promotes thrombin generation
at type 1 diabetes onset in children
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Abstract

Objective: In type 1 diabetes (T1D), a prothrombotic status due to elevated coagula-

tion factors coincides with metabolic derailment. In a previous study, we discovered

altered thrombin generation profiles in children with T1D. These alterations are

potentially most pronounced at T1D onset and ameliorated after insulin treatment.

We tested this hypothesis in a longitudinal study, measuring thrombin generation

together with coagulation parameters in children at T1D onset and during follow-up.

Materials and methods: Twenty-three children (12 female, age: 9.4 [2.7-17.3] years;

median [range]) were tested at T1D onset and after long-term insulin treatment. Thrombin

generation was measured using calibrated automated thrombography. Tissue factor

(TF) activity and tissue factor pathway inhibitor (TFPI) activity were measured using

enzyme-linked immunosorbent assay (ELISA).

Results: A procoagulant shift was observed in thrombin generation traces at T1D

onset compared to follow-up (time to peak: 5.67 [4.11-7.67] min vs 6.39 [4.89-10.44]

min, P < .001). These alterations at T1D onset coincided with increased TF activity

(5.18 [0.01-12.97] pmol/L vs 2.67 [0.04-10.41] pmol/L, P < .05) and increased TFPI

activity (0.051 [0.038-0.074] U/mL vs 0.035 [0.026-0.056] U/mL, P < .05).

Conclusion: The procoagulant shift in thrombin generation at T1D onset is a result of

increased TF activity, but this effect is partially counterbalanced by increased TFPI

levels. Elevated TF and TFPI levels hint to a fragile hemostatic balance at the endo-

thelial lining of blood vessels. Additional prothrombotic stimuli may tip over this bal-

ance explaining the increased thrombotic risk of children with T1D.
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1 | INTRODUCTION

Type 1 diabetes (T1D) is a chronic metabolic disease and one of

the most common autoimmune diseases in childhood. Hallmarks

of the disease are hyperglycemia and the need for a lifelongHildegard Jasser-Nitsche and Harald Haidl contributed equally to this study.
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insulin replacement.1 At diabetes onset, dysbalances of the hemo-

static system might occur. Hypercoagulability and thrombosis are

well-known complications at the onset of disease or at

ketoacidotic derailment.2 Longstanding diabetes with poor meta-

bolic control can be associated with micro- and macrovascular

diseases, which are accompanied or sustained by altered coagula-

tion factors.3

Endothelial dysfunction is well documented in T1D-patients and

may be a precursor of vascular diseases. Disturbances in the coagula-

tion system secondary to this dysfunction can contribute to long-term

consequences of T1D and promote atherosclerosis.4,5

Numerous abnormalities of coagulation factors have been

reported in diabetes patients. Most of the research in this field inves-

tigated patients with type 2 diabetes,6 but in T1D, different coagula-

tion factors, fibrinolytic factors, and activation markers are altered as

well: increased plasma levels of von Willebrand factor,7,8 fibrinogen,

Factor VII, ADAMTS13, tissue-plasminogen activator activity, plasmin-

ogen activator inhibitor-1 activity, D-Dimer, and thrombin-

antithrombin (TAT) complexes have been observed.9,10

Some coagulation factors and inhibitors correlate with the degree

of metabolic control. Factor VIII levels and tissue factor pathways

inhibitor (TFPI) are elevated in children with T1D and poor metabolic

control, whereas the latter has been shown to normalize with the

improvement of metabolic control.11,12

Studies employing functional coagulation assays to investigate

the hemostatic status of T1D patients are inconclusive. A study by

Binay et al, investigating thromboelastometry profiles of children with

T1D, proposed a tendency for hypercoagulability, which was, how-

ever, not confirmed by Tran et al.13,14

While results from thromboelastometry measurements are con-

tradictory, thrombin generation measurements may provide a more

refined picture of the coagulation changes occurring in T1D patients.

Thrombin is a key enzyme in plasmatic coagulation and its generation

is a result of interactions between several procoagulatory factors and

their inhibitors. Changes in thrombin generation represent subtle

shifts in the hemostatic balance. The measurement of thrombin gener-

ation is sensitive to clotting factor deficiencies and detects the effect

of anticoagulant drugs as well as deficiencies in antithrombin (AT),

protein C or protein S, and activated protein C resistance.15-18

Our group compared children with T1D with age-matched

healthy controls in a previous case–control study. Examinations in a

pediatric cohort minimize the presence of preexisting vascular damage

or other pathologies that possibly interact with coagulation changes

triggered by diabetes. We found faster onsets of thrombin generation

and altered thrombin generation profiles in the patient cohort without

correlation with metabolic control or diabetes duration.19

Therefore, we hypothesize that these alterations in thrombin genera-

tion are secondary effects of the elevated blood glucose and that insulin

treatment ameliorates these changes. The faster onset of thrombin gen-

eration might be attributable to higher plasmatic tissue factor activity

caused by endothelial decay, which may subside with metabolic control.

In this longitudinal study, we intended to test this hypothesis by

measuring the thrombin generation in children at the onset of T1D

and during follow-up. Furthermore, we wanted to investigate whether

the aforementioned alterations in the thrombin generation are associ-

ated with increased plasmatic tissue factor activity.

2 | MATERIALS AND METHODS

The study was approved by the local ethics committee (EK-No.

26-277 ex 13/14). Inclusion criteria were age 1 to 18 years and newly

diagnosed T1D. Exclusion criteria consisted of evidence of diseases

secondary due to T1D and missing informed consent of the patient or

their legal guardian. In total 41 children and adolescents with newly

diagnosed T1D, who had been admitted to our hospital, were included

in the study. In 23 patients—12 female, 11 male—a follow-up exami-

nation was possible. The time between the initial and the follow-up

examination was 276 days in median (55-754 days) (Figure 1). The

demographic and T1D-specific data are depicted in Table 1.

After the informed written consent was given, blood was drawn

immediately after the diagnosis before starting therapy. In case of a

follow-up, blood was obtained within the routine blood check. The

blood was drawn into precitrated S-Monovette premarked tubes

(3 mL) from Sarstedt (Nümbrecht, Germany), containing 0.30 mL of a

0.106 mol/L trisodium citrate solution. Platelet-poor plasma (PPP)

was obtained by centrifugation (1600g, 10 minutes, 20�C) and stored

at −80�C for further examination.

2.1 | Thrombin generation experiments

Thrombin generation assays were performed using calibrated auto-

mated thrombography as reported previously with a Fluoroskan Ascent

plate reader (Thermo Labsystems, Helsinki, Finland) and the

Thrombinoscope software (Thrombinoscope BV, Maastricht, the Neth-

erlands).20 Twenty microliters of activating reagent (5 pM or 1 pM tis-

sue factor, 4 μM phospholipids; final concentration) or calibrator (both

Thrombinoscope BV, Maastricht, the Netherlands) were placed into

F IGURE 1 Frequency distribution of the follow-up recruitment
(100-day intervals)
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TABLE 1 Demographic data of T1D
population at onset and follow-up

Parameter T1D onset Follow-up P

N (female) 23 (12) 23 (12) —

Age (y) 9.4 (2.7-17.3) 10.5 (3.6-18.4) —

BMI (kg/m2) 15.2 (12.84-23.44) 17.7 (14.3-26.1) <.0001**

HbA1c (mmol/mol) 102 (34-156) 59 (41-135) .0002**

HbA1c (%) 11.48 (5.26-16.42) 7.55 (5.90-14.50) .0002**

Note: Data depicted in median (range).

Abbreviation: T1D, type 1 diabetes.

**P < .001 for differences between the two samples points.

F IGURE 2 Thrombin generation parameters with 5 pM exogenous tissue factor. A, Representative thrombin traces of one patient at onset
and during follow-up. B-F, Absolute values of thrombin generation parameters at onset and follow-up depicted in boxplots (left) and relative
changes for each patient with median and IQR (right). ETP, endogenous thrombin potential. *P < .05
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the respective wells of a 96-well-plate (Immulon 2 HB, Thermo Scien-

tific), and then 80 μL of PPP was added. The measurement was started

by the automatic dispension of 20 μL fluobuffer-CaCl2, containing a

fluorogenic substrate (Z-Gly-Gly-Arg-amino-methyl-coumarin, Bachem,

Bubendorf). The thrombin generation profiles were recorded in tripli-

cates. Parameters derived from the thrombin generation traces were

lag time, time to peak, endogenous thrombin potential (ETP), and peak

height (Figure 2A). The velocity index was calculated with the formula:

(peak height/[time to peak−lag time]).

2.2 | Activation markers

Prothrombin fragments 1 + 2 (F1 + 2) and TAT were determined as

in vivo markers for the generated thrombin, using commercially avail-

able enzyme-linked immunosorbent assay (ELISA)systems (Enzygnost

F1 + 2 and Enzygnost TAT, Siemens Healthcare Diagnostics, Erlangen,

Germany).

2.3 | Coagulation factors and inhibitors

TFPI was measured in PPP samples using the Actichrome TFPI activity

assay (American Diagnostica, Greenwich, CT). The TFPI antigen levels

were determined using the Immubind Total TFPI ELISA Kit (American

Diagnostica, Stamford, CT). The tissue factor activity was determined

with the ActichromeTF activity assay (Biomedica Diagnostic Inc,

North Vancouver, Canada). Factor II was determined with a one-stage

clotting assay using an ACL Top 350 coagulation analyzer with

Hemosil reagents (Instrumentation Laboratory, Bedford, MA). AT was

measured using the “Hitachi 917” chemistry analyzer (Boehringer

Mannheim GmbH, Mannheim, Germany) with the Antithrombin III

reagent (Roche/Hitachi, Holliston, MA).

2.4 | Statistical Analysis

SPSS (Vers. 25) was used for performing calculations, Graphpad

Prism 6.0 (Graphpad Software, San Diego, CA) for creating figures.

The summarized results are given as medians with ranges. The

data of all newly diagnosed T1D were used for calculating corre-

lations. The Wilcoxon test was chosen for comparing the values

at the onset of T1D with the ones at the respective follow-up.

3 | RESULTS

3.1 | Thrombin generation experiments

The results from the thrombin generation experiments varied with the

amount of exogenous tissue factor (TF) employed as a trigger. When

5 pM TF were used, differences were found between the samples

from T1D patients at the onset and the samples taken at the follow-

up. The thrombin trace showed an observable procoagulant shift at

the onset (Figure 2A). This procoagulant shift was manifested in a sig-

nificantly shorter lag time and time to peak at the initial manifestation

compared to the follow-up (Table 2, Figure 2B,E). There was an

observable tendency for a higher peak height and a higher velocity

TABLE 2 Thrombin generation parameters—lag time, ETP, peak height, time to peak, velocity index—of T1D patients with 5 pM exogenous
TF at onset and follow-up

Parameter T1D onset Follow-up P

Lag time (min) 2.58 (1.67-4.44) 2.73 (2.11-4.22) .0028*

ETP (nM × min) 1089 (792-2058) 1125 (906-1918) .2756

Peak height (nM) 198 (116-441) 194 (92-295) .2479

Time to peak (min) 5.67 (4.11–7.67) 6.39 (4.89-10.44) .0006**

Velocity index (nM/min) 62.35 (27.56-210.03) 55.46 (15.92-101.91) .0917

Abbreviations: ETP, endogenous thrombin potential; T1D, type 1 diabetes; TF, tissue factor.

*P < .05.

**P < .001 for differences between the two sample points.

TABLE 3 Thrombin generation parameters—lag time, ETP, peak height, time to peak, velocity index—of T1D patients with 1 pM exogenous
TF at onset and follow-up

Parameter T1D onset Follow-up P

Lag time (min) 6.4 (4.01-14.00) 7.11 (4.00-12.36) .4198

ETP (nM × min) 729 (321-1715) 611 (230-1675) .7262

Peak height (nM) 67.3 (26.7-173.0) 50 (16-199) .4826

Time to peak (min) 11.60 (9.33-20.00) 12.89 (7.67-19.94) .1982

Velocity index (nM/min) 13.24 (4.21-38.60) 7.96 (2.12-52.91) .3535

Abbreviations: ETP, endogenous thrombin potential; T1D, type 1 diabetes; TF, tissue factor.
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index at the onset, but this trend was not statistically significant

(Figure 2D, Table 2). The overall amount of thrombin generated, rep-

resented by the ETP, was not significantly different between onset

and follow-up (Figure 2C).

With only 1 pM exogenous TF employed to trigger thrombin gen-

eration, no shift was observed in the thrombin trace at onset com-

pared to the follow-up. The experiments with this lower TF

concentration resulted in a higher variability of lag time, time to peak,

peak height, ETP, and velocity index between patients. There were no

significant differences between onset and follow-up for any of these

parameters (Table 3).

3.2 | Plasmatic coagulation and activation markers

The samples from patients at the onset of T1D exhibited a signifi-

cantly higher TF activity compared to the respective samples taken at

the follow-up (Figure 3, Table 4). Equivalently, TFPI antigen and activ-

ity were higher at onset than at the follow-up. Factor II and AT levels

were not significantly different in the two sample points. The levels of

prothrombin fragments 1 + 2 were not elevated, while the TAT-levels

were significantly increased during onset. The duration between initial

manifestation and follow-up did not affect any of the aforementioned

parameters.

4 | DISCUSSION

T1D onset puts a tremendous strain on the metabolic system.

Upon initial manifestation, most therapeutic efforts are centered on

the control of blood glucose and the acid-base metabolism. Later

on, the prevention of micro- and macrovascular complications come

into view. Long-term alterations in coagulation have been investi-

gated in patients with diabetes and are discussed to be involved in

the development of angiopathy, atherosclerosis, and associated dis-

eases.21 However, not much is known about the impact of T1D on

coagulation at an early stage of the disease. In this study, we inves-

tigated the hemostatic balance in a cohort of children with T1D at

the time of diagnosis and after a period of time under insulin

treatment.

F IGURE 3 Plasmatic coagulation parameters with significant differences at onset and at follow-up. Absolute values at onset and follow-up
depicted in boxplots (left) and relative changes for each patient with median and IQR (right). TAT, thrombin-antithrombin complex; TFPI, tissue
factor pathway inhibitor. *P < 0.05
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The main finding of our thrombin generation experiments is a

procoagulant shift at the onset of the disease with 5 pM TF activation.

To exclude an effect of glucose itself on the thrombin generation, we

tested standard plasma with increasing glucose levels (50-500 mg/dL)

and found no correlative dependency (data not shown). Neither did

we find a correlation with pH-levels in our experiments which is in line

with findings by White et al, who investigated acidosis dependent

alterations in thromboelastometry.22 Hence, these changes hint to

either a decrease of inhibitors of thrombin generation or an elevation

of procoagulant triggers.

The balance between the two antagonists Factor II and AT is

known to influence thrombin generation.23 We did not find significant

differences between onset and follow-up in those two factors

(Table 4). Thus, they cannot be the underlying cause for the observed

alterations in thrombin generation. Both, Factor II and AT, are liver-

derived, which militates against a liver involvement in the hemostatic

aberrations during the metabolic derailment.

TFPI is an inhibitor of coagulation with a strong influence on

thrombin generation, particularly in the early phase of thrombin gen-

eration. We found levels above the pediatric reference range at the

onset of the disease and a significant reduction after the beginning of

treatment.24 A similar result was found by Rigla et al, who tested

young adults with insufficiently controlled T1D and demonstrated

reduced TFPI levels after optimization of the treatment. However, this

finding is contradictory to a shortened lag time/time to peak since a

heightened TFPI level is supposed to elongate lag time and time to

peak. We considered a decrease of TFPI activity despite high antigen

levels due to a nonspecific glycosylation, but our parallel measure-

ment of TFPI antigen and activity did not show a relevant divergence

(Table 4, Figure 3A,B).A short lag time/time to peak can be the result

of an increased turnover in the initiation phase of coagulation. In this

phase, TF is one of the main procoagulant triggers and TFPI is its

counterpart. Coinciding with the observed TFPI progression, we found

a higher TF activity at onset than after the beginning of treatment.

We postulate that increased endogenous TF activity adds to the exog-

enous TF added in our experiments and shortens the onset of the

thrombin generation. An elevated TFPI activity may counterbalance

the higher TF activity, but this compensatory effect is only observable

at low exogenous TF concentrations, since high TF concentrations

blunt the effect of TFPI. This may be the reason why the results of

thrombin generation experiments diverge, depending on whether

1 pM or 5 pM of exogenous TF were used.

TF and TFPI are mainly located and stored in the endothelium.

The close adjacency of the pro- and anticoagulant factors prevents a

premature onset of coagulation. In case of a nonspecific damage of

the endothelium, elevated levels of both, pro- and anticoagulant pro-

teins, can be found in the bloodstream. High blood glucose levels

seem to exhibit deleterious effects on the endothelium, either directly

or indirectly via oxidative stress, advanced glycation end-products

(AGE), or osmotic forces. The endothelial release of hemostatic factors

is not specific to glucose and can be seen with various other agents

as well.

The simultaneous release of pro- and anticoagulant factors sus-

tains the hemostatic balance, but this balance is fragile and seems to

be easily shifted toward a prothrombotic state. Thus, additional pro-

thrombotic factors, for example, the insertion of a central venous

catheter, can quickly lead to a thrombotic event. We found signifi-

cantly elevated levels of TAT, which is in line with previous studies

and represents an indicator for an enhanced thrombin turnover.9,19,25

A hypercoagulable, prothrombotic state caused by endothelial dys-

function is considered a pathophysiological precursor of atherosclero-

sis. Diverse mechanisms for the development of a prothrombotic state

during hyperglycemic episodes have been proposed before: increased

transcription of coagulation proteins, AGE, destruction of the glyc-

ocalyx, and enhanced interaction with platelets.26 In this study, we

observed a novel aspect of the aforementioned prothrombotic state,

which is mainly associated with an endothelial perturbation.

Potential hemostatic alterations due to hyperglycemia are not

solely present in patients with diabetes. Various findings argue for a

prothrombotic condition secondary to endothelial perturbation: Stud-

ies wherein healthy volunteers have been exposed to hyperglycemia

and/or hyperinsulinemia resulted in elevated levels of activation

markers of coagulation.27,28 Stegenga et al measured elevated TAT

and TF activity starting from 3 hours after the beginning of the contin-

uous glucose administration, which hints to an acute phase reaction.27

Studies by Liao et al and Tala et al demonstrate the impact of blood

TABLE 4 Plasmatic coagulation parameters—AT, TFact, TFPI antigen and activity, TAT, F1 + F2—of T1D patients at onset and follow-up

Parameter T1D onset Follow-up P

AT (%) 104.5 (81.0-140.0) 106.0 (75.0-129.0) .3071

Factor II (%) 94 (57-202) 99 (73-122) .7657

TFact (pmol/L) 5.18 (0.01–12.97) 2.67 (0.04-10.41) .0230*

TFPI antigen (ng/mL) 58.4 (16.0-108.8) 38.4 (25.6-95.2) .0448*

TFPI activity (U/mL) 0.051 (0.038–0,074) 0.035 (0.026-0.056) .0046*

TAT (μg/L) 3.15 (1.35-28.87) 2.38 (0.72-18.50) .0177*

F1 + F2 (pmol/L) 151.2 (44.5-437.4) 125.4 (55.6-335.0) .5028

Abbreviations: AT, antithrombin; ETP, endogenous thrombin potential; F1 + F2, prothrombin fragments 1 + 2; T1D, type 1 diabetes; TAT, thrombin-anti-

thrombin complex; TFact, tissue factor activity; TFPI, tissue factor inhibitor.

*P < .05 for differences between the two sample points.
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glucose levels on the outcome of severely ill patients and the relations

between hyperglycemia and thrombosis.29-31 The effects of sugar-

sweetened beverages via an increased glycemic load on the endothe-

lial function are broadly discussed.32

Limitations of our study lie in the potentially different duration of

symptoms before T1D was diagnosed. In addition, the follow-up

period after the initial manifestation differs broadly, but we argue that

all patients were under long-term treatment at the second blood draw

with a metabolic situation beyond the point of onset and hospitaliza-

tion. Still, the efficacy of disease control varied as can be seen in

HbA1c values (Table 1).

Summing up, our research provides additional evidence that

hyperglycemia at the onset of T1D coincides with an elevated TF

activity, which is only partially compensated by an increased TFPI

activity. In combination with additional hemostatic triggers, an ele-

vated TF activity tends to induce the hypercoagulability in children

and adolescents. This fragility of the TF/TFPI balance explains the

higher risk for thrombosis in diabetic patients and may be one of the

initial and recurrent hemostatic peculiarities that promote the devel-

opment of atherosclerosis.
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