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Abstract  

Background: Type-1 diabetes is associated with atherothrombosis, but limited data exist on pro-

coagulant activity in the young. We investigated pro-coagulant activity in children/adolescents with type-

1 diabetes using intensified insulin-treatment compared with controls in a five-year follow-up study, and 

further any associations with cardiovascular risk-factors. 

Methods: The study included 314 diabetes children/adolescents and 120 healthy controls. Prothrombin 

fragment 1+2 (F1+2), D-dimer, tissue-factor-procoagulant-activity (TF-PCA) and tissue-factor-pathway-

inhibitor (TFPI) were analysed with ELISAs.  

Results: F1+2, D-dimer and TF-PCA did not differ between the groups or correlate to HbA1c in the 

diabetes group at either time-points. TFPI was significantly higher in the diabetes group compared with 

controls both at inclusion and follow-up (both p< 0.001). In the diabetes group TFPI correlated 

significantly to HbA1c at both time-points (r= 0.221 and r= 0.304, both p< 0.001). At follow-up females 

using oral contraceptives had significantly elevated F1+2, D-dimer and TF-PCA and lower TFPI 

compared to no-users (all p< 0.005), and females had lower TFPI (p= 0.017) and higher F1+2 compared 

with males (p= 0.052), also after adjusting for the use of oral contraceptives. 

Conclusions: The current results show similar pro-coagulant activity in children/adolescents with type-1 

diabetes compared with controls over a five-year period, indicating that these children using modern 

intensified insulin-treatment are not at high thrombotic risk at younger age. The elevated levels of TFPI in 

the diabetes group, related to hyperglycaemia, are probably reflecting increased endothelial activation. 

These findings highlight the significance of optimal blood glucose-control in children/adolescents with 

type-1 diabetes, to maintain a healthy endothelium.  
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Introduction 

In Norway, approximately three hundred children and adolescents below 15 years of age are annually 

diagnosed with type 1 diabetes 1. In addition to microvascular complications in type 1 diabetes, 

cardiovascular disease (CVD) is the main reason for morbidity and mortality due to accelerated 

progression of atherosclerosis and increased thrombotic risk 2. In adults with type 1 diabetes 

approximately 80% die from CVD and early onset of disease have impact on survival, especially in 

women, 3 who have twice the risk of vascular complications compared to men with type 1 diabetes 4. 

High prevalence of cardiovascular risk factors in children and adolescents with type 1 diabetes has 

previously been reported 5. Hyperglycemia along with other contributors to vascular disease like 

hypertension and hyperlipidemia, trigger a cascade of biochemical alterations including increased 

oxidative stress and reduced bioavailability of the vasodilator nitric oxide. Disrupted vascular 

homeostasis with development of endothelial dysfunction results in a thrombogenic and pro- 

inflammatory milieu 6. 

Intensive blood glucose control at an early stage reduces cardiovascular events 7.  Glucose control is 

mainly assessed by HbA1c which estimates control for the last couple of months. In addition, glycemic 

burden, calculated as cumulative glycemic exposure from the time of diagnosis (A1 months) or the area 

under the curve can be estimated 8,9. Hyperglycemia per se seems to have a pro-thrombotic impact on the 

endothelium and the coagulation system by mechanisms like accelerated transcription and release of 

coagulation factors and also direct glycation of coagulation factors resulting in changed activity 10,11. 

Tissue factor (TF) is a key molecule in the initiation of the coagulation cascade. It is a membrane 
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glycoprotein present in the adventitia of normal blood vessels, in atherosclerotic plaques and a minor 

fraction is circulating in the blood 12. In vascular diseases increased amounts of TF are present, also on 

circulating monocytes and microvesicles, contributing to accelerated thrombosis 13. When prothrombin is 

converted to thrombin, prothrombin fragments 1+2 (F1+2) are released, and D-dimer is released after 

lysis of cross-linked fibrin as the final step in coagulation. Both these fragments are widely utilized as 

markers of thrombin generation.  

TF- pathway inhibitor (TFPI) is the primary regulator of TF initiated coagulation and is mainly 

synthesized by endothelial cells and megakaryocytes. TFPI is secreted or associated with the endothelial 

layer via heparan sulfate proteoglycans or a glycosyl phosphatidyl inositol anchor 14. In plasma 

approximately 80% is bound to lipoproteins although a minor fraction is free. Both forms, in addition to 

full-length and truncated molecules are measurable in plasma and in particular total TFPI antigen is 

thought to be a marker of endothelial damage in arterial diseases 15.  

Pro-coagulant activity in the young with type 1 diabetes has received little attention. The aims of the 

present study were to 1) compare pro-coagulant activity between children and adolescents with type 1 

diabetes and healthy control subjects, at inclusion and five years after and 2) determine its association 

with selected glucose related variables and cardiovascular risk factors. Our hypothesis was increased pro-

coagulant activity in children and adolescents with type 1 diabetes, in association with glucose related 

variables and cardiovascular risk factors. 

Materials & Methods 

Study population 

The total study cohort (n= 434) consisted of subjects with type 1 diabetes (n=314) and healthy controls 

(n= 120), aged 8-18 years from the Norwegian Atherosclerosis and Childhood Diabetes (ACD) Study 16. 

An invitation letter was sent to the subjects with type 1 diabetes registered in the Norwegian Childhood 

Diabetes Registry (NCDR) in the South East health region of Norway (n= 800) with a response rate of 
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40%. The type 1 diabetes diagnosis was set according to the American Diabetes Association and 

International Society of Pediatric and Adolescent Diabetes criteria and the cohort is highly representative 

for all children with type 1 diabetes in Norway 16. Approximately all of the diabetic subjects (97%) were 

on intensive insulin treatment from the time of diagnosis, using either insulin pumps or basal-bolus 

regimens with > four daily insulin injections. None had micro- or macrovascular complications at 

inclusion. The healthy controls were primarily classmates and in a few cases relatives of the subjects with 

type 1 diabetes. The cohort has previously been described in detail 16. All participants, and parents of 

those below 18 years of age, signed written informed consent to participate. The National Committee for 

Research Ethics in Norway and the Norwegian Social Science Data Services approved the study protocols 

and the trial was conducted according to the Declaration of Helsinki. The participants were enrolled at the 

pediatric department, Oslo University Hospital, Ullevaal between 2006- 2008 and encouraged to a follow-

up after five years (2011-2013) with a total attendance of 346 subjects (type 1 diabetes (n= 249) and 

controls (n= 97)).  

Laboratory measurements 

Fasting blood samples were drawn between 07.30 and 10.00 am at inclusion and at the five-year follow-

up. Tubes containing 3.8% sodium citrate were placed on ice and separated by centrifugation at 2500 x g 

for 20 min at 4° C and stored at - 80° C until analysis. Tissue factor procoagulant activity (TF-PCA) was 

assessed by a chromogenic assay (Actichrome® TF, Ref 843, Sekisui Diagnostics, Stamford, CT, USA). 

Total TFPI, recognizing full-length, truncated and TFPI bound to lipoproteins and D-dimer were analyzed 

by enzyme linked immunosorbent assays (ELISA) (Asserachrom® TOTAL TFPI and D-DI, Diagnostica 

Stago, Asniéres, France), respectively). Prothrombin fragment 1+2 (F1+2) was assessed by Enzygnost® 

F1+2 (monoclonal) (Siemens, Marburg, Germany). Inter-assay coefficients of variation (CVs) in our 

laboratory were 17.9%, 6.2%, 6.7% and 15.6%, respectively. Routine laboratory analyses were 

determined by conventional methods and arterial blood pressure was performed according to the National 

High Blood Pressure Educational Program Working Group on High Blood Pressure in Children and 



7 
 

Adolescents 17. HbA1c was assessed at a Diabetes Control and Complications Trial- standardized 

laboratory by high pressure liquid chromatography (Bio-Rad, Richmond, CA, USA), CV < 3%. The 

NCDR provided annual HbA1c values for almost all patients and glycemic burden was calculated by a 

modified version of cumulative glycemic exposure (A1 months) 16 first described by Orchard et al 8. 

Briefly, HbA1c units above the upper normal reference value (46 mmol/mol (6.4%) were multiplied by the 

number of months from the type 1 diabetes diagnosis until the first reported HbA1c value and added to the 

number of months between the first and second reported values, multiplied by HbA1c units above the 

upper normal reference value of the second reported value, and so further. Urinary albumin-creatinine 

ratio (U-ACR) was performed in spot urine. 

Statistical methods 

The statistical calculations were performed by IBM© SPSS© statistics for windows, v 25.0 (IBM Corp., 

New York, NY, USA). Continuous data were predominantly skewed and reported as median values (25th, 

75th percentiles) if not otherwise stated. Categorical data are presented as number or proportions. Bivariate 

correlations were performed by Spearman’s rho. Group comparisons were determined by Mann-Whitney 

U Test, Independent Student T Test and Chi-square, as appropriate. Kruskal Wallis test was used to 

compare more than two groups. To calculate changes within groups at the five-year follow-up, the 

Wilcoxon Signed Rank Test was applied. Correlation analyses were adjusted for covariates with partial 

correlation using transformed values (natural logarithm) for non-parametric variables. Multivariate linear 

regression models were applied to adjust group differences for covariates and to explore if any baseline 

factors could predict changes over time in our variables of interest. The STROBE guidelines were 

followed 18. A p-value ≤ 0.05 was considered statistically significant. 

Results 

Baseline characteristics of the diabetes and healthy control groups are shown in Table 1 and have also 

previously been published. 16 At inclusion, the median duration of disease in the type 1 diabetic 
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population was five years and they had significantly higher levels of HbA1c, anthropometric measures, 

lipid levels and CRP, compared to the control group. 

At the five-year follow-up the participation rate was 80%. Some of the participants had moved away to 

work or for educational reasons and others were weary of their disease and did not want to attend the 

follow-up. Similar differences were present, however, triglycerides and U-ACR were significantly 

increased in the type 1 diabetes group, while systolic blood pressure and high density lipoprotein 

cholesterol did not differ (Table 2).   

Thrombotic markers in type 1 diabetes versus controls (Table 3) 

Children and adolescents with type 1 diabetes had significantly higher levels of TFPI compared with 

controls, both at inclusion and at the five-year follow-up (p<0.001, both). Adjustments for differences in 

clinical characteristics did not change the results. F1+2, D-dimer and TF-PCA did not differ between the 

groups at any time point. 

During the five-year follow-up TFPI decreased within the controls (p< 0.001) and the change (delta) was 

significantly different from the type 1 diabetic children (p= 0.004) who remained unchanged. TF-PCA 

increased within both groups (p <0.001, both) and D-dimer decreased within the diabetes group 

(p<0.001), however, delta values were not significantly different from controls (p= 0.271).  

In the type 1 diabetes group, correlation analyses between changes in (delta values of) traditional 

cardiovascular risk factors and pro-coagulant markers showed change in CRP to be significantly 

correlated to changes in F1+2 and D-dimer (r= 0.199 and r= 0.267, respectively, p< 0.005, both). Changes 

in total and LDL cholesterol were furthermore significantly correlated to change in TFPI (r= 0.373 and r= 

0.339, respectively, p< 0.0005, both). None of the clinical characteristics at inclusion (BMI, LDL, SBP, 

CRP and HbA1c) predicted any changes over time in our measured markers (data not shown). The 

number of missing cases analysed was similar in both groups at both time points (3-5%) and was due to 

restricted amount of citrated plasma.  
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Correlations between thrombotic markers and glucose related variables in the type 

1 diabetes group (Table 4)  

Levels of TFPI correlated significantly to HbA1c both at inclusion and at the five-year follow-up (r= 0.221 

and r= 0.304, p< 0.001, both), even after adjusting for covariates (BMI, LDL, SBP and CRP) (p< 0.005) 

(Supplemental Figure 1a and b). With HbA1c divided into quartiles, significant differences across 

quartiles at both time points was revealed (p= 0.004 and p< 0.001, respectively) and subjects with type 1 

diabetes with HbA1c in the upper quartile (>75 mmol/mol (9%) at inclusion / 84 mmol/mol (9.8%) at five 

years) had an odds ratio (OR) of  2.1 (95% confidence interval (CI) 1.2, 3.8), p= 0.018 and 5.4 (95% CI 

2.8, 10.2), p< 0.001, respectively, for having higher TFPI levels compared to the three lower quartiles 

(Q1-Q3) (Figure 1.). TFPI also had a weak correlation to U-ACR at the five-year follow-up. 

TF-PCA and F1+2 showed no relationship to either HbA1c, A1months, years of diabetes or U-ACR at any 

time point, whereas D-dimer correlated weakly to years of diabetes at inclusion, however, that correlation 

was not present at the five-year follow-up. 

Relationship between thrombotic markers and cardiovascular risk factors in the 

type 1 diabetes group (Table 5)   

TFPI was significantly lower in females compared to males at both time points, also after adjusting for 

relevant covariates (use of OC, CRP, BMI and LDL) (p= 0.018 and p= 0.010, respectively). F1+2, D-

dimer and TF-PCA did not differ between sexes at inclusion, but at the five-year follow-up females had 

higher levels of F1+2 (p= 0.052). As previous data from the same cohort demonstrated elevated levels of 

CRP in females, regardless of OC use, 19 the given p- value was adjusted for use of OC and CRP. A 

similar pattern was observed in the total population and in the control group alone (data not shown).  
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Females with type 1 diabetes using OC had significantly higher F1+2 levels compared to females not 

using OC at inclusion (p= 0.002), these findings were still significant at the five-year follow-up (p< 

0.001). After five years TF-PCA and D-dimer were also elevated (p< 0.001 and p= 0.004, respectively), 

while TFPI levels were lower (p<0.001). SBP below the median (< 100 mmHg at inclusion and < 110 

mmHg at follow-up) was significantly associated with higher levels of D-dimer at both time points (p= 

0.045 and p= 0.001, respectively). Body mass index (BMI) above the median (> 20.2 kg/m2 at inclusion / 

> 23.2 kg/m2 at follow-up) was significantly associated with higher F1+2, although only at inclusion (p= 

0.043). Low density lipoprotein cholesterol (LDL) above the mean (> 2.48 mmol/L at inclusion/ > 2.69 

mmol/L at follow-up) was associated with higher levels of F1+2 (p= 0.034) and TFPI (p< 0.001) at 

inclusion, the latter was also significantly associated after five years (p<0.001). It should be emphasized 

that LDL and TFPI was significantly inter-correlated (r= 0.372 and 0.375, respectively, p< 0.001, both). 

Discussion 

Children and adolescents with five years duration of type 1 diabetes have signs of hyperlipidaemia and 

inflammation as well as higher BMI and suboptimal glycemic control, compared with healthy control 

subjects. The differences persisted during the five-year follow-up, in which also a slight rise in U-ACR in 

the children and adolescents with type 1 diabetes was noted.  

The main findings of the present study were comparable levels of F1+2, D-dimer and TF-PCA between the 

study groups and significantly higher TFPI levels in the children and adolescents with type 1 diabetes at 

both time points. TFPI associated with glycemic control, and hyperglycemia significantly increased the risk 

for having higher TFPI levels. Furthermore, females with type 1 diabetes had a more hypercoagulable 

profile than men, also when taking the use of OC and inflammatory status into consideration. 

Cardiovascular risk factors were present in our cohort of children and adolescents with type 1 diabetes as 

previously mentioned 5, and the change in CRP during the follow-up was positively related to changes in 

F1+2 and D-dimer. CRP is an inflammatory mediator and a well-known predictor of CVD and might 
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represent progression of atherosclerosis with subsequent activation of the coagulation system 20. The 

observed proportional relationship between increasing lipid levels and TFPI (total) is well in line with 

accepted knowledge 21. 

Despite the established association between vascular diseases and hypercoagulability in adults with type 1 

diabetes, markers of thrombin generation and TF-PCA did not differ between the type 1 diabetes individuals 

and healthy controls in the present cohort. In accordance with our results, a case-control study (n= 150) 

investigating haemostasis in children and adolescents with type 1 diabetes vs controls, showed similar levels 

of F1+2 in both groups, and lower levels of thrombin-antithrombin complex in the diabetes group, 

supporting no ongoing thrombin generation 22. The same conclusion, with no differences in clotting 

parameters was also drawn in a study comparing children with diabetes with healthy controls (n= 70) 23. In 

contrast, hypercoagulability was observed in diabetic children (n= 73) by shorter clot formation time and 

stronger clot firmness by a ROTEM assay. However, no differences in fibrinogen and D-dimer were 

observed 24.  

In people with type 1 diabetes, blood cells and the endothelial layer are exposed to chronic hyperglycaemia, 

which leads to a pro-inflammatory state with hyper-reactive platelets, glycation of proteins and accelerated 

progression from endothelial dysfunction to atherosclerosis 25. The expression of TF has shown variable 

results regarding response to high glucose 26,27, and we found neither TF-PCA nor markers of thrombin 

generation to be associated with long-term glycaemic control. However, whether daily glucose fluctuations 

influence pro-coagulant activity we cannot answer. It has previously been published from this cohort, that 

the degree of atherosclerosis (carotid intima media thickness, cIMT) was only slightly increased in the 

diabetes group, 28 which may explain the current results. Ten years of disease duration is relatively short, 

and at this low age children and adolescents are free from longstanding exposure from other vascular risk 

factors, demonstrated in our cohort by the absence of microvascular complications.  
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We found the diabetes children to have significantly elevated TFPI levels, which related to hyperglycaemia. 

The relationship was further confirmed by the increased risk of having high TFPI levels with poorly 

controlled disease. Optimisation of blood glucose control has previously been shown to normalize TFPI 

activity in young adults with type 1 diabetes 29. Elevated levels of TFPI in adults with type 1 diabetes with 

microalbuminuria was described already back in 1997, and vascular damage with changes in 

glycosaminoglycans was proposed to explain the results 30. Since then, several reports have shown 

hyperglycaemia to degrade the protective endothelial glycocalyx, and in particular heparan sulfate which 

is a prominent binding site for TFPI 31-33. In concordance with our results, a cross-sectional study on children 

with type 1 diabetes (n= 155) demonstrated an association between dysglycaemia and levels of von 

Willebrand Factor (vWF), another important regulator of coagulation and marker of endothelial dysfunction 

34. In contrast, an Italian study demonstrated endothelial perturbation (tissue-plasminogen activator and 

vWF) to be correlated to markers of inflammation rather than HbA1c, which might be explained by the 

short duration of type 1 diabetes and small number in that study. However, the authors observed a reversion 

of endothelial perturbation in almost half of the patients after one year 35.  

Hyperglycaemia has downstream effects like generation of reactive oxygen species, advanced glycation 

end products and protein kinase C activation, inducing vascular inflammation and endothelial dysfunction, 

accelerating the risk for micro- and macrovascular disease 36. Although the children and adolescents with 

type 1 diabetes in our cohort were free from moderate albuminuria, the U-ACR was significantly elevated 

and correlated to TFPI in the diabetes children after ten years of disease, potentially an early sign of 

angiopathy. Elevated levels of TFPI in the present study may thus be a consequence of endothelial 

activation/dysfunction rather than a compensatory action following TF-induced coagulation. In similar, an 

association between total TFPI, markers of endothelial activation and subclinical atherosclerosis has also 

been shown in an adult population, free of CVD 15. 

Several reports have demonstrated increased relative risk of vascular mortality in women with diabetes 

compared with men, although the precise mechanism is not known 4,37. Our data, with lower levels of TFPI 
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accompanied by increased F1+2 in females with type 1 diabetes supports a pro-thrombotic milieu, which 

might lead to vascular disease. Type 1 diabetes affects both glucose- and lipid-metabolism 38 and an 

atherogenic profile dominates in females 39. These findings were also confirmed in our study with 

significantly higher levels of LDL, BMI and CRP in the females with type 1 diabetes compared with men 

(data not shown). 

Use of OC has been associated with increased risk of both arterial and venous thrombosis 40. In the present 

study, females with diabetes using OC had signs of in vivo thrombin generation with higher levels of F1+2 

already at a mean age of 13.7 years compared to females not using OC. Five years later our female subjects 

using OC still had significantly higher F1+2, in addition to elevated D-dimer and TF-PCA and lower levels 

of TFPI, compared to non-users. In subjects using OC in general, reduction in TFPI and Protein C levels 

have been shown in several studies and might be the most important mechanism of accelerated thrombosis 

in these women 40-42. 

The higher levels of D-dimer with SBP below median in the diabetes cohort are not easily explainable. It 

should nevertheless be noted that both SBP and D-dimer levels were within a normal range. It has 

previously been reported on a positive relationship between blood pressure and D-dimer, however, in a 

cohort of patients with diabetic microvascular complications 43, not present in our diabetes cohort.  

The metabolic changes and chronic inflammation present in obese patients have been shown to associate 

with a pro-thrombotic shift and accelerated risk of CVD 44. In accordance, we could demonstrate F1+2 to 

be slightly elevated at inclusion, in the diabetes children with BMI above the median. Although BMI 

increased during the follow-up period, no differences in pro-coagulant activity were, however, observed 

five years later. 

In our cohort with type 1 diabetes LDL levels above mean were associated with higher levels of TFPI and 

F1+2, somewhat in line with Morange et al who found total TFPI to be related to conventional CVD risk 

factors 45. Oxidized LDL is an excellent trigger of vascular inflammation and atherothrombosis 46 and is 
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shown to have pro-coagulatory effects on vascular cells like platelets and endothelial cells 47. The rise in 

TFPI might be explained as a compensatory mechanism to the pro-coagulant state and/or the thrombin 

generation, but may also be due to the fact that TFPI in the circulation is mainly bound to LDL, also 

reflected in the correlation shown between TFPI and LDL levels. As, previously discussed, children and 

adolescents with type 1 diabetes are susceptible to endothelial dysfunction with damages to the 

proteoglycans harboring coagulation factors like TFPI. 

The strengths of the current research is the prospective design and large cohort of children and 

adolescents with type 1 diabetes, representative for all children and adolescents with type 1 diabetes in 

Norway, together with healthy control subjects at similar age. To the best of our knowledge, this is the 

largest study investigating pro-coagulant activity in children and adolescents with type 1 diabetes.   

The study has some limitations. The relative short follow-up period might be insufficient in these young 

subjects for development of pro-thrombotic activity and implementation of additional biomarkers 

reflecting endothelial perturbation and/or platelet activity, might have strengthened the study. SolubleTF 

assays are debated especially regarding specificity. We utilized the ACTICHROME®, a chromogenic 

activity assay to quantitate TF procoagulant activity, which has been criticized for falsely elevated results 

48. Further, activity- compared to antigen assays, are hampered with larger variation, also seen in our 

coefficient of variation. We also lack information regarding types of OC used.  

In conclusion, the current study shows similar pro-coagulant activity in children and adolescents with 

type 1 diabetes compared with healthy controls at similar age over a five-year period, indicating that type 

1 diabetes children using intensified insulin treatment with either multiple (> four) daily insulin injections 

or insulin pumps, are not at high thrombotic risk at this younger age. However, females with diabetes 

showed accelerated pro-thrombotic activity compared to males, also when taking the use of OC into 

consideration. The higher plasma levels of TFPI in the diabetes children and adolescents compared with 

controls, which also related to hyperglycemia, are probably reflecting increased endothelial activation. 
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Our findings underscore the significance of children and adolescents with type 1 diabetes to aspire 

optimal blood glucose control to maintain a healthy and functional endothelium and the burden of CV 

risk factors needs attendance also with regard to pro-coagulant activity, especially in female subjects. 

Data availability 

Data supporting the present results are available on request. 
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Table 1. Baseline characteristics according to the study groups (median (25, 75percentiles)) 

  

Type 1 diabetes (n= 314) 

 

Controls (n= 120) 

 

p 

    

Age (years)† 13.7 (8, 20) 13.2 (9, 20) 0.092 

Females, n (%) 158 (50.3) 68 (56.7) 0.282 

Years of Diabetes 5.0 (2.8, 7.7)   

HbA1c, mmol/mol 67 (60, 75) 34 (32, 37) < 0.001 

             %    8.3 (7.6, 9.0) 5.3 (5.1, 5.5) < 0.001 

Insulin pump, n (%) 144 (53.1)   

Smokers, n (%) 9 (2.9) 2 (1.7) 0.712 

Oral contraceptives, n (%) 16 (15.1) 7 (17.5) 0.919 

BMI, kg/m2 20.2 (18.0, 22.9) 18.8 (17.1, 20.9) < 0.001 

Weight (kg) † 54.6 (81.3) 47.7 (68.4) < 0.001  

Waist circumference (cm) 69.5 (64.5, 77.0) 65.6 (61.5, 70.8) < 0.001 

Height (cm) 162 (151, 170) 159 (145, 165) 0.012 

SBP (mmHg) 100 (95, 110) 97 (92, 105) 0.005 

DBP (mmHg) 60 (55, 65) 60 (54, 64) 0.026 

Total cholesterol (mmol/L) †  4.61 (5.40) 4.32 (4.10) 0.001 

LDL (mmol/L) † 2.48 (5.54) 2.31 (4.26) 0.027  

HDL (mmol/L) † 1.78 (2.75) 1.69 (1.89) 0.047  

TG (mmol/L) 0.66 (0.52, 0.89) 0.66 (0.45, 0.88) 0.357 

S-creatinine (µmol/L) 52 (46, 59) 54 (46, 61) 0.150 

U-ACR (mg/mmol) 0.80 (0.50, 1.40) 0.61 (0.36, 1.31) 0.157 

CRP (mg/L) 0.51 (0.27, 1.83) 0.31 (0.19, 0.67) <0.001 
†
Mean (range or SD) 
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BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, LDL Low Density Lipoprotein Cholesterol, 

HDL High Density Lipoprotein Cholesterol, TG Triglycerides, U-ACR Urinary Albumin-Creatinine Ratio, CRP C-Reactive 

Protein, SD Standard Deviation 

 

Table 2. Characteristics according to the study groups at five years follow-up (median (25, 

75percentiles)) 

   

Type 1 diabetes (n= 249) 

 

Controls (n= 97) 

 

p 

 

    

Age† (years) 18.6 (13, 24) 18.1 (14, 25) 0.155 

Females, n (%) 132 (53.0) 54 (55.7) 0.745 

Years of Diabetes 9.7 (7.5, 12.8)   

HbA1c, mmol/mol 74 (65, 84) 33 (31, 36) <0.001 

             % 8.9 (8.1, 9.8) 5.2 (5.0, 5.4) <0.001 

Insulin pump, n (%) 138 (61.1)   

Smokers, n (%) 8 (3.2) 2 (2.1) 0.828 

Oral contraceptives, n (%) 51 (40.2) 25 (49.0) 0.361 

BMI, kg/m2 23.2 (21.3, 26.5) 22.1 (19.9, 23.9) <0.001 

Weight (kg) † 71.0 (14.9) 65.6 (12.0) 0.002 

Waist (cm) 77 (73, 84) 74 (69, 79) <0.001 

Height (cm) 171 (164, 177) 172 (164, 177) 0.735 

SBP (mmHg) 110 (105, 120) 110 (100, 115) 0.102 

DBP (mmHg) 70 (65, 75) 65 (60, 70) 0.001 

Total cholesterol (mmol/L) †  4.76 (0.99) 4.34 (0.94) 0.001 

LDL (mmol/L) † 2.69 (0.79) 2.47 (0.79) 0.024 

HDL (mmol/L) † 1.62 (0.46) 1.53 (0.37) 0.113 

TG (mmol/L) 0.88 (0.64, 1.31) 0.80 (0.68, 0.99) 0.039 

S-creatinine (µmol/L) 67 (59,75) 71 (64, 80) 0.001 

U- ACR (mg/mmol) 0.60 (0.30, 1.50) 0.30 (0.20, 1.10) 0.003 

CRP (mg/L) 1.17 (0.43, 3.67) 0.69 (0.28, 2.08) 0.006 
†
Mean (range or SD) 

BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, LDL Low Density Lipoprotein Cholesterol, 

HDL High Density Lipoprotein Cholesterol, TG Triglycerides, U-ACR Urinary Albumin-Creatinine ratio, CRP C-Reactive 

Protein, SD Standard Deviation 
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Table 3. Thrombotic markers in type 1 diabetes versus controls at inclusion and five years follow-up (median (25, 75percentiles)) 

 Inclusion   5 years follow-up   

 T1D (n= 314) Controls (n= 120) p1  T1D (n= 249) Controls (n= 97) p2 Δ p 

F1+2 (pmol/L) 166 (129, 208) 151 (132, 206) 0.559  157 (123, 198) 155 (124, 207) 0.803 0.561 

D-dimer (ng/ml) 230 (168, 302) 227 (175, 287) 0.815  199† (131, 286) 209 (152, 299) 0.161 0.271 

TF-PCA  (pM) 0.82  (0.41, 3.05) 0.72 (0.41, 2.13) 0.345  4.92† (2.31, 9.50) 4.08† (2.02, 10.12) 0.299 0.951 

TFPI total (ng/ml) 78.5 (70.3, 92.8) 71.2 (60.3, 79.5) < 0.001ǂ  78.9 (68.6, 90.3) 61.8† (54.6, 74.2) < 0.001ǂ 0.004 

p1 refers to differences between groups at inclusion. p2 refers to differences between groups at five years follow-up. 

Δ p denotes differences in changes from inclusion to 5 year follow-up between the groups. 

† denotes within group changes over the five year period   

ǂ p< 0.001 (adjusted for ln BMI, LDL, ln SBP and ln CRP)   

 

T1D Type 1 Diabetes, F1+2 Prothrombin Fragment 1+2, TF-PCA Tissue Factor Procoagulant Activity, TFPI Tissue Factor Pathway Inhibitor, ln natural logarithm, BMI Body 

Mass Index, LDL Low Density Lipoprotein cholesterol, SBP Systolic Blood Pressure, CRP C-Reactive Protein 
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Table 4. Correlations between thrombotic markers and glucose related variables in the type 1 diabetes group 

 

r denotes  coefficient of correlation (Spearman rho) 

p denotes the significance level of the correlation 

† 
Calculated only at inclusion 

ǂ p< 0.005 (adjusted for ln BMI, LDL, ln SBP and ln CRP)   

§ p< 0.05 (adjusted for ln BMI, LDL, ln SBP and ln CRP)   

 

TF-PCA Tissue Factor Procoagulant Activity, TFPI Tissue Factor Pathway Inhibitor, F1+2 Prothrombin Fragment 1+2, U-ACR Urinary Albumin-Creatinine ratio, BMI Body 

Mass Index, LDL Low Density Lipoprotein cholesterol, SBP Systolic Blood Pressure, CRP C-Reactive Protein 

 

   

Inclusion 

 

  

5 years follow-up 

  TF-PCA 
 

TFPI (total) 
 

F1+2 
 

D-dimer 
 

 TF-PCA 
 

TFPI (total) 
 

F1+2 

 

D-dimer 

 

           

HbA1c 
 r 0.066 0.221 0.059 - 0.058  - 0.061 0.304 0.074 0.072 

p 0.253 < 0.001ǂ 0.309 0.321  0.351 < 0.001ǂ 0.256 0.268 

 

A1
 Months†  

 

r 0.057 0.081 0.028 -0.065  - - - - 

p 0.341 0.179 0.637 0.283  - - - - 

 

Years of 

Diabetes 

r 0.004 0.039    - 0.027 - 0.116  0.021 - 0.029 0.030 - 0.072 

p 0.952 0.501 0.639  0.044§  0.742 0.650 0.645 0.272 

 

U-ACR r -0.077 0.040 0.036 0.082  0.077 0.128 0.015 0.047 

p 0.306 0.590 0.634 0.268  0.243 0.050§ 0.822 0.479 
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Table 5. Thrombotic markers as related to selected cardiovascular risk factors in the type 1 diabetes group (median (25, 75percentiles))  

 Inclusion (n= 314)  5 years follow-up (n= 249) 

 TF-PCA 
(pM) 

TFPI (total) 
(ng/ml) 

F1+2 
(pmol/L) 

D-dimer 
(ng/ml) 

 TF-PCA 
(pM) 

TFPI (total) 
(ng/ml) 

F1+2 
(pmol/L) 

D-dimer 
(ng/ml) 

 

Sex 

Male 0.74 

(0.36, 3.29) 

78.9 

(71.4, 94.6) 

156 

(127, 201) 

225 

(171, 290) 

 3.83 

(1.32, 7.90) 

79.6  

(70.6, 92.4) 

146 

(120, 165) 

167 

(113, 256) 

Female 0.84 

(0.46, 2.88) 

77.9 

(68.7, 91.8) 

171 

(131, 226) 

242 

(167, 308) 

 6.38 

(2.98, 11.36) 

77.5  

(65.4, 89.8) 

171 

(130, 229)  

209 

(163, 301) 

p 

adj. 

0.146 

- 

0.033 

0.018† 

0.121 

- 

0.319 

- 

 0.003 

0.254 ǂ 
0.052 

0.010† 

< 0.001 

0.052 ǂ  
< 0.001  

0.189 ǂ  

 

OC 

No 0.84 

(0.42, 2.26) 

77.2 

(67.3, 91.7) 

165 

(122, 211) 

225 

(162, 287) 

 4.88 

(2.80, 8.73) 

81.9 

(70.0, 90.3) 

146 

(117, 188) 

198 

(151, 272) 

Yes 1.41 

(0.50, 7.29) 

74.9 

(63.9, 87.4) 

277 

(157, 319) 

225 

(163, 309) 

 9.88 

(3.84, 14.13) 

68.5 

(62.0, 78.5) 

208 

(173, 305) 

260 

(176, 370) 

p 0.104 0.413 0.002 0.606  0.004 < 0.001 <0.001 0.004 

 

SBP§  
< 

median 

 

0.92 

(0.39, 3.38) 

79.3 

(69.8, 93.6) 

167 

(127, 203) 

244 

(171, 309) 

 5.98 

(2.44, 10.09) 

78.9 

(69.0, 89.3) 

161 

(130, 209) 

221 

(163, 299) 

> 
median 

0.75 

(0.43, 2.56) 

78.5 

(70.2, 94.7) 

166 

(130, 217) 

214 

(163, 289) 

 4.69 

(2.31, 8.35) 

78.9 

(68.2, 92.8) 

154 

(121, 186) 

167 

(116, 260) 

p 

 

0.470 0.767 0.412 0.045  0.386 0.988 0.126 0.001 

 

BMI§  

 

<  
median 

0.78 

(0.40, 3.24) 

79.6 

(70.8, 94.4) 

157 

(125, 199) 

244 

(178, 299) 

 5.26 

(2.41, 8.87) 

79.5 

(70.6, 90.2) 

150 

(122, 186) 

199 

(126, 285) 

>  

  

0.82 

(0.41, 2.63) 

78.4 

(69.0, 93.9) 

171 

(132, 230) 

213 

(160, 306) 

 5.01 

(2.29, 9.71) 

77.0 

(66.6, 90.8) 

163 

(125, 210) 

198 

(133, 292) 

p 

 

0.911 0.439 0.043 0.075  0.986 0.322 0.109 0.731 

 <  
mean 

0.76 

(0.40, 2.26) 

75.5 

(67.0, 87.6) 

156 

(128, 196) 

235 

(171, 308) 

 5.21 

(2.10, 8.94) 

74 

(64, 84) 

156 

(122, 187) 

191 

(127, 287) 
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LDL§ > 0.98 

(0.42, 4.24) 

86.8 

(75.0, 102.4) 

173 

(130, 217) 

225 

(166, 301) 

 4.96 

(2.81, 10.16) 

84 

(71, 96) 

163 

(124, 206) 

205 

(137, 289) 

p 0.170 <0.001 0.034 0.516  0.212 <0.001 0.222 0.625 
p refer to differences between groups 

† adjusted for use of OC, ln CRP, ln BMI and LDL  

ǂ adjusted for use of OC and ln CRP  

§ median SBP at inclusion: 100 mmHg and median SBP at five years: 110mmHg, median BMI at inclusion: 20.2 kg/m2 and median BMI at five years: 23.2 kg/m2 and mean LDL 

at inclusion: 2.48 mmol/L and mean LDL at five years: 2.69 mmol/L 

OC Oral Contraceptives, SBP Systolic Blood Pressure, BMI Body Mass Index, LDL Low Density Lipoprotein Cholesterol, TF-PCA Tissue Factor Procoagulant Activity, TFPI 

Tissue Factor Pathway Inhibitor, F1+2 Prothrombin Fragment 1+2, adj. adjusted, ln natural logarithm, CRP C-Reactive Protein 
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Figure 1. Levels of tissue factor pathway inhibitor (TFPI) in quartiles of HbA1c in the type 1 diabetes 

group, at inclusion (Fig. 1a) and at the five-year follow-up (Fig. 1b). Type 1 diabetes children and 

adolescents with HbA1c in quartile 4 had significantly higher levels of TFPI than quartile1-3, p= 0.005 

and p< 0.001 and their odds ratio (OR) for having higher TFPI levels are 2.1 with a 95% confidence 

interval (CI) (1.2, 3.8), p= 0.018 and 5.4 CI (2.8, 10.2), p< 0.001.  

 

 

 

 

 

 

 


