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Abstract
Chronic hyperglycaemia, the effect of which is enhanced with diabetes duration and poor compensation, has a great impact on the 
complex aetiopathogenesis of microvascular diabetic complications. However, other factors are particularly likely in young patients 
with early onset of chronic complications. One of the possible risk factors is procoagulant condition, which can lead to small ves-
sel microthromboses, endothelial damage, and ultimately specific organ manifestations. While these changes are well described 
in a group of adult patients with type 2 diabetes, similar information is less in the population of children and adults with type 1 
diabetes (T1D). Changes in haemostasis may be associated with hyperglycaemia and subclinical inflammation or specific gene poly-
morphisms. Alternatively, they can occur due to coincidence with inherited thrombophilic disorders or sticky platelet syndrome. 
Finally, T1D is an autoimmune disease that can be associated with other autoimmune conditions, e.g. lupus anticoagulant. From the 
clinical point of view, mainly cases with early onset of chronic diabetic complications that cannot be explained by long duration or 
insufficient compensation of diabetes might be suspicious from the procoagulant changes and their screening might be discussed.
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Introduction 

Diabetes mellitus is a  chronic metabolic disease with in-
creasing incidence worldwide, which can reduce the quality 
of life through chronic diabetic complications. Macrovascular 
complications are the main cause of morbidity and mortality 
among diabetic patients. Microvascular complications may oc-
cur early after diabetes onset and, by affecting the smallest ves-
sels, can lead to dysfunction of almost all organ systems. The 
most important risk factor in their complex aetiology is chronic 
hyperglycaemia, the impact of which is enhanced by poor 
compensation and long duration of diabetes. Hyperglycaemia 
stimulates many pathophysiological processes interacting with 
each other – non-enzymatic protein glycation, polyol pathway, 
oxidative stress, hexosamine pathway, pro-inflammatory cyto-
kines, nuclear factor kappa B or protein kinase C. In addition, 
glycaemic variability, dyslipidaemia, hypertension, and inflam-
mation play a role [1–5]. In clinical practice, however, there are 
also individuals who suffer from chronic complications shortly 
after diabetes onset with relatively satisfactory compensa-
tion. Although such complications are often automatically 
labelled “diabetic”, they may actually be related to other fac-
tors, including genetic predisposition, epigenetic changes, or 
various pathological conditions. Because vascular abnormal-
ity is a common denominator of microvascular complications, 
a possible risk factor is dysfunction of haemostasis leading to 
impaired vascular flow. 

One of the well-known secondary causes of haemostasis 
dysfunction towards hypercoagulation is type 2 diabetes (T2D) 
that has been found to be associated with endothelial dam-
age, platelet hyperreactivity, increased concentration of co-
agulation factors, decreased anticoagulant factors, and altera-
tion in fibrinolysis [6–8]. Changes in coagulation are, however, 
described less often in individuals with type 1 diabetes (T1D), 
especially in childhood. These changes may be associated 
with hyperglycaemia, similarly to T2D. Another possibility is the 
coincidence of T1D and congenital thrombophilic conditions 
or sticky platelet syndrome, or a genetic predisposition (milder 
changes in coagulation factors) to haemostasis dysfunction. 
Last but not least, T1D is an autoimmune disease that may be 
associated with other autoimmune conditions, including lupus 
anticoagulant. 

Haemostasis dysfunction and type 2 diabetes 
mellitus

Haemostasis changes associated with hyperglycaemia 
have been extensively described in many publications in T2D 
patients: endothelium dysfunction, platelet hyperreactivity, in-
creased concentration of coagulation factors (fibrinogen, Fac-
tor V, VII, VIII, IX, X, XI, XII, von Willebrand factor), decreased 
concentration of anticoagulant factors (antithrombin III, pro-
tein C), and alteration of fibrinolysis (increased concentration 
of plasminogen activator inhibitor 1, PAI-1; decreased con-
centration of tissue plasminogen activator, tPA) [7, 8]. Hae-

mostasis dysfunction in diabetic patients is likely to contribute 
to cardiovascular diseases [9]; however, its association with 
microvascular complications is under debate. The predicted 
pathophysiological processes include chronic hyperglycae-
mia, subclinical inflammation, insulin resistance, and dyslipi-
daemia, which interact with each other and through non-en-
zymatic protein glycation (advanced glycation end-products 
– AGEs), oxidative stress, and activation of pro-inflammatory 
cytokines may modify platelets, coagulation, and fibrinolytic 
factors [1, 8]. 

In detail, in the condition of hyperglycaemia, platelets are 
more prone to aggregation through non-enzymatic glycation 
of platelet membrane proteins with consequently increased ex-
pression of certain glycoproteins (Ib-IX, IIb/IIIa) and receptors 
necessary for platelet function. Hyperglycaemia per se triggers 
mobilisation of Ca2+ from intracellular stores and increases 
intracellular concentration of Ca2+. Enhanced consumption 
of platelets may lead to accelerated thrombopoiesis of more 
reactive young platelets [10]. Glycation of platelet membrane 
proteins leads to decreased membrane fluidity and is associ-
ated with platelet hyperreactivity to thrombin. Diabetes is re-
lated to overexpression of inflammatory cytokines (TNF-α and 
IL-6), which may stimulate endothelial expression of Factor 
VIII and von Willebrand factor (vWF). Overproduction of reac-
tive oxygen species may modify functional properties of vWF. 
Moreover, elevated concentration of vWF, vascular cell adhe-
sion molecule, endothelin-1, and E-selectin on one hand, and 
decreased production of nitric oxide (NO) and prostacyclin as 
vasodilators on the other hand, contribute to endothelial cell 
damage and prothrombotic state [9]. Increased concentration 
of tissue factor in diabetic patients may be related to its re-
lease by adipocytes and macrophages in the condition of hy-
perglycaemia and hyperinsulinism. Production of tissue factor 
is enhanced by nuclear factor kappa B, which is activated by 
reactive oxygen species and advanced glycation end products. 
Similarly, increased level of fibrinogen can be related to inflam-
matory cytokines (produced by adipocytes and macrophages), 
which induce its production in the liver; also to oxidative stress 
that can modify its functional properties. In terms of impaired 
fibrinolysis, increased concentration of PAI-1 may be due to its 
enhanced liver synthesis influenced by low-grade inflammatory 
condition and hyperinsulinaemia. Moreover, cytokines, media-
tors (tumour growth factor β), and reactive oxygen species are 
able to induce the synthesis and release of PAI-1 from adipo-
cytes and endothelial cells [10].

Haemostasis dysfunction and type 1 diabetes 
mellitus

Chronic hyperglycaemia and subclinical inflammation is 
a common factor in type 2 as well as type 1 diabetes [11], and 
it may lead to similar pathophysiological changes. 

Endothelium alteration in T1D is related to numerous 
pathophysiological mechanisms: oxidative stress and AGEs, 
alteration in the expression or structure of nitric oxide synthase 
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(NOS), reduction of substrate for NOS (L-arginine), NO de-
struction, and reduction of endothelial progenitor cells, which 
are able to activate endothelial reparative processes  [12]. 
Preadolescent T1D children have higher high-sensitivity  
C-reactive protein as a  marker of inflammation and attenu-
ated measurements of flow-mediated dilatation of the bra-
chial artery as a marker of endothelial dysfunction [13]. In T1D 
patients with impaired renal function, plasma levels of AGEs 
were significantly associated with markers of endothelial dys-
function (soluble vascular adhesion molecule-1, vWF, and 
soluble thrombomodulin) independently of renal function [14]. 
In T1D children, lower glutathione peroxidase and higher ni-
trate/nitrite and lipid hydroperoxide levels are found compared 
to healthy children. This decreased antioxidative protection 
is parallel with endothelial / platelet activation – increased  
P-selectin and tetranectin levels that are more pronounced 
with diabetes progression [15]. The mean levels of platelet-
derived microparticles and circulating endothelial cells were 
significantly higher in T1D children compared to healthy con-
trols and were closely affected by the poor glycaemic con-
trol and dyslipidaemia [16]. Moreover, severe hypoglycaemia 
is also associated with marked reduction in stem cells and 
endothelial progenitor cells [17]. Reducing glucose variability 
with continuous subcutaneous insulin infusion increases the 
level of circulating endothelial progenitor cells [18].

Platelets in diabetic patients show dysregulated signalling 
pathways, leading to platelet hyperactivation and increased risk 
of microcapillary embolisation [19]. Children with newly diag-
nosed as well as with established T1D have significantly elevat-
ed mean platelet volume and platelet distribution width com-
pared to healthy subjects, which may be related to oxidative 
stress within T1D [20]. Similarly, children with T1D have altered 
morphological platelet parameters (higher mean platelet vol-
ume, platelet distribution width, and platelet large-cell ratio) and 
duration of diabetes with poor glycaemic control, which seem 
to be significant risk factors [21]. Adult T1D subjects with well-
controlled diabetes have enhanced in vivo platelet activation 
(elevated biosynthesis of thromboxane A2) and oxidative stress 
(higher biosynthesis of F2-isoprostane) [22]. Children with 
T1D have significantly more frequent morphological changes 
in platelet hyperreactivity compared to healthy controls, with 
a higher platelet count associated with poorer metabolic control 
of diabetes [23]. Even children with newly diagnosed T1D have 
structural and functional modification of platelet membrane and 
alterations of nitric oxide metabolism (reduced Na+K+ATP-ase 
activity and nitric oxide levels and increased production of per-
oxynitrite) compared to controls. These changes seem to be 
due to diabetes per se and not to chronic hyperglycaemia, in-
sulin therapy, or ageing [24]. According to Swedish authors, 
postprandial platelet activation via the thromboxane pathway 
is related to postprandial hyperinsulinaemia not to postprandial 
hyperglycaemia in T1D patients [25].

Diabetes mellitus is associated with hypercoagulable state. 
Turkish authors reported shorter clotting time and increased 
clot firmness (using rotational thromboelastometry) in children 
with T1D, suggesting hypercoagulation status [26]. Youths 

with T1D have impaired prothrombotic state. PAI-1 antigen 
and vWF-antigen positively correlate with impaired lipid profile 
and vWF-antigen, as well as with suboptimal glycaemic con-
trol [27]. PAI-1 levels are significantly increased in T1D children 
compared to healthy subjects and positively correlate with ran-
dom blood glucose, HbA1c, lipids, and carotid intima media 
thickness [28]. Basal tissue factor procoagulant activity and 
plasma coagulation factor VIIa are higher in T1D patients com-
pared to healthy controls; however, the regulating mechanisms 
seem to be different in patients with T1D and T2D [29]. On the 
other hand, according to a study by Austrian authors, children 
with T1D have only minimal changes in thrombin formation, 
which do not correlate with metabolic control or the duration 
of diabetes [30].

The association between haemostasis dysregulation 
and microvascular complications in T1D patients is highly 
likely. Platelet-lymphocyte aggregation is significantly higher 
in patients with T1D with nephropathy compared to T1D pa-
tients without nephropathy [31]. Thrombin-induced platelet 
P-selection expression is enhanced, and soluble P-selection 
and sCD40L concentration is increased in T1D patients with 
microangiopathy compared to control subjects and patients 
without microangiopathy. C-reactive protein and E-selection 
is increased in T1D patients with microangiopathy compared 
to controls, and von Willebrand factor antigen does not differ 
between the groups [32]. Increased vWF, ADAMTS13 (metal-
loproteinase), and D-dimer levels are associated with renal 
dysfunction in T1D patients [33]. The same research group has 
found that ADAMTS13 activity, D-dimers, and cystatin C are as-
sociated with retinopathy in T1D patients [34]. According to the 
DCCT/EDIC study, plasma markers of inflammation (soluble tu-
mour necrosis factor receptors-1 and -2), endothelial dysfunc-
tion (E-selectin) and clotting/fibrinolysis (fibrinogen and PAI-1) 
are associated with progression to kidney dysfunction in T1D 
patients [35]. In T1D patients with diabetic nephropathy, mark-
ers of endothelial dysfunction (sVCAM-1, PAI-1, and sICAM-1) 
have been associated with the rate of decline in glomerular fil-
tration rate [36]. PAI-1 levels are significantly increased in T1D 
children with micro-vascular complications compared to those 
without [28]. D-dimer, as a marker of coagulation cascade and 
fibrinolysis activation, is significantly elevated among T1D chil-
dren with retinopathy, neuropathy, and nephropathy compared 
to non-complicated patients, and it positively correlates with 
blood pressure and albumin creatinine ratio [37]. Moreover, an 
increase of vWF concentration precedes microalbuminuria in 
T1D children, so it could be used to identify patients at risk of 
developing incipient nephropathy [38]. 

Inherited thrombophilic disorders

The prevalence of inherited thrombophilic disorders 
(ITD) is about 40 per 100,000 inhabitants. The frequency of 
some mutations in the population is relatively high, e.g. Fac-
tor V Leiden mutation is reported to be about 3–7% (Table I), 
with the occurrence of mutations several times higher in the 
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population of patients with venous thromboembolism [39]. For 
the development of thrombosis, not only the mutation itself is 
sufficient, but also the presence of other risk factors (smoking, 
hormonal therapy, immobility, other procoagulant risk factors) 
is usually necessary. Currently, patients with venous thrombo-
sis and pulmonary embolism less than 45 years old, after arte-
rial thrombosis less than 35 years old, with recurrent thrombo-
sis, atypical thrombosis, inadequate response to anticoagulant 
therapy, or with habitual abortion are indicated for ITD screen-
ing. Treatment is anticoagulant and/or antiplatelet, depending 
on the type of disease confirmed.

Due to the relatively high incidence of these conditions in 
the general population, it is also likely to occur in patients with 
diabetes. We hypothesise that coincidence of T1D with inher-
ited thrombophilic disorders might contribute to the early on-
set of chronic diabetic complications despite a short duration 
of T1D and satisfactory metabolic compensation. Higher fre-
quency of the heterozygous form of Leiden mutation has been 
found in adult diabetic patients with unsuccessful outcome of 
percutaneous transluminal angioplasty [40]. Regarding T1D, 
individual case reports about complications associated with in-
herited thrombophilia have been published. American authors 
described a case report of a 12-year-old girl with massive ar-
terial thrombosis with a Factor V Leiden mutation and a  two-
year history of under-compensated T1D [41]. Spanish authors 
published a case of a 15-year-old male with poorly controlled 
T1D with neurological manifestations of cerebral hypertension, 
where cerebral venous sinus thrombosis has been suggested. 
Factor V Leiden G1691A gene mutation was diagnosed, which 
probably contributed to cerebral venous thrombosis in the in-
teraction with bad metabolic control and viral infection [42]. The 

condition of diabetic ketoacidosis seems to represent an ad-
ditional risk factor for thrombus formation [43]. 

On the other hand, a study of Turkish authors did not find 
a significant difference in mean normalised activated protein C 
sensitivity ratio values and prevalence of heterozygous factor V 
Leiden mutation in T1D patients and healthy controls. More-
over, these parameters were not associated with metabolic 
control parameters, lipids, and diabetic complications in T1D 
patients with mean age of 27.9 years [44]. Paradoxically, fac-
tor V Leiden mutation may have a protective effect in diabetic 
nephropathy, which can be explained by low chronic coagula-
tion activation that may ameliorate glucose-induced podocyte 
apoptosis [45]. 

Sticky platelet syndrome is platelet hyperaggregability af-
ter activation by adenosine diphosphate and/or epinephrine. In 
addition to the autosomal dominant type of inheritance, a poly-
genic type of inheritance is also possible. Although the preva-
lence in the general population is unknown, a  prevalence of 
up to 17–28% is reported in the population of patients with ve-
nous thromboembolism [46]. Patients with this syndrome have 
more frequent arterial thrombosis and benefit from antiplatelet 
therapy. Unrecognised sticky platelet syndrome may compli-
cate many conditions such as kidney transplantation [47] or 
angioplasty surgery [48]. In addition to many other factors 
(e.g. dyslipidaemia, hypertension, associated chronic inflam-
matory diseases, trauma, medications, vitamin deficiencies), 
also unrecognised sticky platelet syndrome may participate in 
the complex pathogenesis of diabetic microvascular complica-
tions. Again, the question is whether T1D patients with early 
onset of chronic complications should undergo screening for 
the presence of sticky platelet syndrome.

Table I. Frequency of selected inherited thrombophilic disorders (according to 39) 

Inherited thrombophilic disorders Frequency in common population Frequency in patients with VTE Relative risk

F. V Leiden mutation 
(G1691A) 

3–15% 15–30% 5

Prothrombin mutation 
(G20210A) 

1–2% 4–7% 2–3 

Deficiency of protein C 0.2–0.4% 3–5% 10

Deficiency of protein S 0.3–1.3% 1.5% 10

Hyperhomocysteinaemia 
(> 15 µmol/l) 

5% 10% 2.5

Deficiency of antithrombin III 0.1–0.2% 1–3% 15–20 

Hyperactivity of f. VIII 5–11% 25% 5

VTE – venous thromboembolism
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Genetic predisposition

In addition to the mentioned mutations leading to a throm-
bophilic state, there are several dozen described gene polymor-
phisms encoding proteins involved in haemostasis (Table  II). 
These minor gene variants may result in functional modification 
in terms of changes in plasma concentration or properties of 
the proteins [49]. Although these gene polymorphisms them-
selves do not lead to thrombotic complications, they may, in 
conjunction with other risk factors (such as hyperglycaemia), 
represent a multifactorial predisposition to thrombus formation 
and vascular abnormality.  

Studies focusing on an association between these gene 
variants and diabetic complications have been provided 
mainly in adult T2D populations. A meta-analysis of nine stud-
ies found that diabetic retinopathy is associated with platelet 
glycoprotein receptor α2β1 integrin (ITGA2) and glycoprotein 
IIIa (ITGB3) gene polymorphisms [50]. ITGA2 gene polymor-
phisms are associated also with chronic kidney disease in 
T2D patients [51]. According to a meta-analysis in the Chinese 
population, 4G allele (PAI-1 gene variant) might be a risk factor 
for diabetic nephropathy [52]. The association between PAI-1 
gene polymorphisms and diabetic retinopathy is controversial. 
A meta-analysis of nine studies suggested the increased risk 

among the Caucasian population and higher susceptibility in 
patients with longer duration of diabetes [53]. Another study, 
however, did not provide strong evidence that PAI-1 gene poly-
morphisms are associated with the risk of diabetic retinopathy 
during the course of T2D [54]. 

Antiphospholipid antibodies

Type 1 diabetes is an autoimmune disease of the pancre-
atic β cells the aetiology of which includes genetic predisposi-
tion along with environmental factors. The presence of T1D in 
a particular patient is the result of dysregulation of the immune 
system and impaired tolerance of self-antigens; therefore, it 
is not surprising that these patients may also have other as-
sociated autoimmune diseases, including antiphospholipid 
syndrome (APS). The antiphospholipid syndrome is a form of 
thrombotic microangiopathy, characterised by the presence 
of antiphospholipid antibodies (anticardiolipin, against β2-
glycoprotein 1 or lupus anticoagulant) with a  complex effect 
on haemostasis (Table III). The antiphospholipid syndrome is 
associated with higher risk of cardiovascular diseases [55], 
and typical symptoms include recurrent miscarriages, arte-
rial or venous thrombi, and thrombocytopaenia, but also very 

Table II. Selected gene polymorphisms predisposing to procoagulant condition (modified according to 49) 

Part of haemostasis Gene (chromosome) Candidate gene variant Function consequence

Platelets
GP Ia-IIa (α2 subunit) 

ITGA2 (5q23-31) C807T Determinant of integrin dense and activity 
of collagen receptors 

Procoagulant factors

Fibrinogen FGA (4q31) Thr-312Ala Increased stability of thrombus 

Factor II F2 (11p11 – q12) G20210A Determinant of plasmatic concentration 

Factor V F5 (1q23) Arg-506Gln Activated protein C resistance

Factor VII F7 (13q34) Arg-353Gln Determinant of plasmatic concentration 

Tissue factor F3 (1p22-21) 1208D/I promoter Determinant of plasmatic concentration 

Anticoagulant proteins

Anti-thrombin III AT3 (1q23-25) >130 loss-of-function 
mutations

Deficiency of antithrombin

Protein C PC (2q13-14) Deficiency of protein C 

Protein S PROS1 (3p11.1-2) Deficiency of protein S 

Thrombomodulin THBD (20p11.2) G-33A Determinant of plasmatic concentration 

Fibrinolytic proteins

PAI-1 PLANH1(7q22.1-22.3) -675 4G/5G (D/I) Determinant of plasmatic concentration 
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diverse organ manifestations, e.g. migraine, epilepsy, neu-
ropathy, vaso-occlusive retinopathy, nephropathy, vasculitis, or 
adrenal insufficiency [56]. The antiphospholipid syndrome is 
often associated with systemic lupus erythematosus but may 
also accompany other autoimmune diseases. The presence of 
antiphospholipid antibodies in diabetes, however, may also be 
related to glucose toxicity, which may induce oxidative stress 
and lipid peroxidation of phospholipids in the membranes.

In patients with T1D, the incidence of antiphospholipid anti-
bodies varies according to the population, the presence of dia-
betes complications, the detection method, and the antibody 
type. Positivity of cardiolipin antibodies in the diabetic popu-
lation is reported about 6.9–9.4% [57–60], and up to 24% in 
newly diagnosed T1D [61]. The presence of antibodies may dif-
fer in the course of diabetes and is significantly more common 
in the first six months after onset of T1D diagnosis (54.5%), 
which may reflect an abnormal immunological response in the 
early stage of T1D with increased production of various auto-
antibodies [61]. The prevalence of cardiolipin antibodies in 
T1D children (mean age 12.9 years, mean diabetes duration 
3.6 years) [59] and also in T1D adults (mean age 29.1 years, 

mean diabetes duration 9.8 years) [57] is comparable with that 
seen in healthy subjects.

Antiphospholipid antibodies seem to be associated with 
macrovascular complications of diabetic patients [58], and 
data about the association with microvascular complications 
are inconsistent. According to a Serbian study, anticardiolipin 
antibodies positively correlated with renal impairment parame-
ters in T2D patients [62]. Lupus anticoagulant positivity is more 
common in patients with diabetic retinopathy [Giusti, 63, 64]. 
A French study showed that phospholipid-binding antibodies 
are significantly more frequent in diabetes patients with ne-
phropathy but not with retinopathy compared to uncomplicated 
diabetes [60].

Conclusions

The aetiopathogenesis of diabetic microvascular compli-
cations is very complex and cannot be limited only to chronic 
hyperglycaemia within long diabetes duration and insufficient 
metabolic control. Other factors are particularly likely in young 
patients with early onset of chronic complications. One of the 
possible risk factors is procoagulant condition, which can lead 
to small vessel microthromboses, endothelial damage, and 
ultimately specific organ manifestations. However, the aetiol-
ogy of indicated association between T1D and haemostasis 
dysfunction remains unclear. Changes in haemostasis may be 
associated with hyperglycaemia and subclinical inflammation 
(as in T2D patients), lupus anticoagulant, or specific gene poly-
morphisms, or they can occur due to coincidence with inherited 
thrombophilic disorders. In view of the high prevalence in the 
general population, the identification of inherited thrombophilic 
disorders is of particular interest because it is a relatively easily 
treatable group of diseases (anticoagulant, antiplatelet thera-
py). From the clinical point of view, mainly cases of early onset 
of chronic diabetic complications, which cannot be explained 
by common risk factors (such as long diabetes duration, insuf-
ficient compensation, hyperlipidaemia, hypertension, or oth-
ers), might be suspicious from the procoagulant changes. Fur-
ther studies are appropriate to confirm the suitability and cost/
benefit of possible screening of haemostasis dysregulation. 

The work was supported by grant VEGA 1/0310/18.
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