
MOLECULAR MEDICINE REPORTS  15:  3445-3448,  2017

Abstract. The first-time venous thromboembolism (VTE) 
is less frequent than other thrombotic events, however, both 
the pulmonary embolism  (PE) and the deep vein throm-
bosis (DVT) show a frequent morbidity. Many factors play as 
risk situations in determining VTE, and the air exposure to 
the fine and ultrafine particulate matter (PM) as PM10, PM2.5, 
PM0.1 is considered. Epidemiological studies have supported 
this association although both the effective burden of the 
association and the mechanisms are to date unclear. The PM 
concentrations and the exposure time are notable as emerging 
factors. Interestingly, the seasonal climate variations resulted 
as effective risk factor for appearance of VTE or DVT. There 
is a need to ameliorate the environment by reducing the air 
pollution at global scale.
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1. Introduction

The incidence of first-time venous thromboembolism (VTE) 
affects a substantial number of subjects, in fact it ranges between 
62 and 143/100,000/year although it seems to differ ranging 

between 19 and 50/100,000 persons/years (1,2). Although the 
VTE incidence is lower than the arterial thromboses (coronary 
and carotid arteries) both the pulmonary embolism (PE) and 
the deep vein thrombosis (DVT) show morbidity cases. More 
situations are risk factors for the VTE in individuals. A number 
of factors are able to promote the risk for VTE, and many 
epidemiological and interventional studies have focused on 
several favourable situations (3-7). The conclusive statements 
of these have produced the scores to know the possible risk 
for VTE and also to forward the early and useful approach to 
diagnose and to manage VTE.

2. Pathophysiology

The low rate of shear and the raised activity of the coagulative 
cascade play a role for thrombotic disease in the venous circle. 
The low rate of shear and the raised activity of the coagulative 
cascade play a role for thrombotic disease in the venous circle. 
Such effects may comprise the occurrence of immunologic 
reaction including the hypersensitivity that can be modulate 
with different immunosuppressive treatments  (8,9). The 
coagulative factor VII (FVII) and the tissue factor (TF) repre-
sent the complex able to move other coagulative components 
inducing the thrombin generation (T). The T seems to be the 
key enzyme leading to convert the monomers of fibrinogen (F) 
to polimers of fibrin (Fib). In this way amplifying the coagula-
tive cascade through the activation of other coagulative factors 
such as V (FV), VIII (FVII) and X (FX) factors.

3. Air exposure and venous thrombotic disease

In 2004 the American Heart Association recognized the 
deleterious effect caused by exposure to air components 
particularly by the fine particulate matter (PM) on cardio-
vascular system. The air pollutants especially the particles 
sized <10 mm diameter (PM10) have been associated with 
an increased risk for cardiovascular events (i.e., myocardial 
infarction (MI), stroke, arrhythmia and heart failure) (10). 
Most recently, based on the negative effect played by the 
fine and the ultrafine air pollutants on coagulative balance, 
several studies have postulated the possible association 
between exposure to the air pollutants with the risk and/or 
appearance of VTE. Epidemiological studies have supported 
this association although to date both the effective burden of 
the epidemiological association and the possible mechanisms 
are unclear on the effect in promoting the pathologic link. 
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The size of pollutants is closely related to the pathogenic 
activities so far the particulate air pollutants are divided into 
several groups. The two main are the coarse component with 
aerodynamic diameter between 2.5 and 10 mm (PM10-2.5), 
and the finest component with diameter <2.5 mm (PM2.5). 
These air components are different regarding their sources 
and composition. Indeed, while PM2.5 particles result 
mainly from combustion of fossil fuels from a variety of 
activities (e.g., traffic and industry), the PM10-2.5 particles are 
associated with non-combustion surface or fugitive releases by 
a variety of human (e.g., agriculture) and natural (e.g., erosion) 
activities. The PM10-2.5 particles are found preferentially in 
the upper and larger airways of the lung, while the PM2.5 
particles are found in the smallest airways and in the 
pulmonary alveoli. The finest particles (ultrafine particles 
sized 0.1 mm) can spread even into the systemic circulation 
throughout the alveolar-capillary wall. All these particles 
have shown the capability of disarranging the coagulative 
balance, in fact the PMs have been associated to changes in 
global hemostastic human capability and also the exposure 
(short and prolonged) induces a dramatic hypercoagulative 
situation. Epidemiological studies have demonstrated that 
the PM exposure shortened the prothrombin time (PT) and 
on the other hand the PM increased the plasma level of Fib. 
These haemostatic disturbances were associated to the DVT 
appearance. Unfortunately, studies have not supported the 
positive association between the inhaled pollutants and the 
DVT  (11-13). To explain the confounding results we can 
consider the role played by the time of the PM exposure. It 
was found that prolonged time of exposure to PM over one 
year is crucial in inducing risk of DVT. Differently, the short 
time of PM exposure (one week maximum) did not result in 
positive correlation to the DVT. In this regard, experimental 
study demonstrated that the direct short time intra-tracheal 
instillation of the pollutants raised the clot in the arterial bed 
but not in the venous circulation (14). However, other experi-
ments have found that high-doses (100 mg or more) of PM 
induced in short time such hypercoagulative effects (15). It 
increased the Fib level and conversely decreased the level of 
the C and S antithrombotic proteins. Interestingly, it has been 
demonstrated that also a dose of 10 µg of PM10 may induce 
effects on coagulative balance. When a low-dose of pollutant 
was directly instilled into the tracheal space in animals, it 
caused several procoagulative effects. In fact a shortened PT 
was found and conversely an activated PT (aPTT) and the 
platelet count, the V, VII and X coagulative factors and the 
Fib were found increased (11).

4. How do we explain the confounding results among the 
association?

It is notable that more experiences have demonstrated that 
the PM exposure affects the pro-coagulative inflammatory 
pathway. Experimental findings found the absence of the PM 
prothrombotic pathway in knockout IL-6 mouse, and this 
result recognized the association between PM exposure and 
inflammation as possible major strength in inducing the rela-
tionship between the air pollutants and the venous thrombotic 
diseases (15). This is a relevant issue to emphaticize the role 
of the inflammatory markers in explaining the association 

between fine and ultrafine pollutants in VTE. In this context, 
we must focus on the role played by such minor inflamma-
tory markers as the Fib. The Fib is an acute phase protein 
that is usually upregulated during inflammation. It is also a 
possible coagulative-inflammatory marker of prothrombotic 
activation. However, it plays a minor role in clot and it cannot 
explain alone the relationship between PM exposure and VTE. 
Indeed such studies have shown the negative effect of the short 
time direct PM exposure in causing activation of coagulative 
cascade through release of inflammatory markers (16-21).

5. Mechanisms to link inflammation with the PM exposure, 
and with VTE epidemiology

In contrast to the unclear knowledge concerning the mecha-
nisms able to explain the association between air pollutants 
and venous thrombosis, an interesting and potential role 
seems to exist in the circulating number of the so-called 
microvescicles (or microparticles that are sized <1  µm 
derived from stimulated or apoptotic cells. High number of 
these microvescicles has been found as circulating both in 
subjects chronically exposed to high level of air pollutants 
and in patients affected by VTE. These microvescicles nega-
tively charged the phospholipids and TF, consequently, their 
surfaces attract more procoagulative factors. Results from 
studies have highlighted the number and/or procaogaulative 
capability of these microvesciscles found in patients with 
VTE (22,23). It was shown that long (acute, subacute, chronic) 
duration of exposure to the pollutants caused different and 
increased number of the circulating microvescicles. Current 
PM  (short time) levels were associated with the lower 
numbers of circulating microvesicles and with the decreased 
measurements of the inflammatory parameters. The chronic 
PM exposure causes procoagulant tendency as shown by 
the thrombin generation and by several markers of surface 
expression of negatively charged phospholipids  (24-26). 
Upregulation of procoagulant microvesicles could explain 
the pathophysiological mechanism underlying the found 
association between chronic PM exposure and high number 
of microvesicles and their procoagulant activity. Chronic 
PM exposure window seems to determine such procoagulant 
changes as the higher microvesicle numbers have shown. High 
number of microvescicles both blood-platelet derived and red 
blood cell-derived added to the increased microvesicular 
Annexin V binding reflect the surface expression of negatively 
charged phospholipids (mainly phosphatidylserine) (26-29). 
The role of inflammation and specific immunity is close 
debated among several situation  also focusing on the 
thrombotic process. Although, the link between environ-
ment variations with VTE is less established than to arterial 
thrombotic events, however, the air pollutants negatively act 
on several targets (leukocyte, platelets, coagulative factors, 
inflammatory markers and endothelial markers). These cells 
and factors play roles in pathophysiology both of venous 
(i.e., DVT) and arterial thrombotic diseases (28).

6. Effect of climate

A large body of data postulated a seasonal effect on the 
frequency and/or incidence of VTE. In this regard, such 
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studies have highlighted on possible reasons, and firstly the 
haemostatic unbalance was considered. The effects caused on 
packed cell volume, on platelet count and on their volume have 
been demonstrated (30). Moreover, other factor to explain the 
seasonal variation of VTE frequency seems to be a reduced 
physical activity during the winter. The limited physical 
activity acts particularly on subjects (patients) suffering from 
chronic diseases (i.e., chronic pulmonary insufficiency, heart 
failure and malignancies). It also particularly acts on older 
subjects. It is known that all the aforementioned situations 
are usually considered as risk factors for VTE appearance. 
Furthermore, we must take into account that the winter low 
temperature raises the urban motor traffic, and as conse-
quence, it increases the level of air pollutants  (25,31-34). 
In turn, because the deleterious effect is known of inhaled 
pollutants on haemostatic balance we can explain also the 
seasonal variations of the DVT during the cold time compared 
to other seasons. Research performed in many countries and 
regions have stated the association between epidemiology of 
the DVT with the cold climate. Interestingly, a positive trend 
for the DVT appearance was found by Manfredini et al (35) 
in subset of hospitalized patients for DVT that concomitantly 
were affected by pulmonary diseases. The chronobiological 
trend has been demonstrated most recently by the multicenter 
study for a thromboembolism registry  (MASTER)  (36). 
These results show that more VTE events appeared during 
the autumn compared to lower rate of VTE events in the 
summer time. The seasonal variation affects the patients with 
coagulative deficiencies (i.e., deficiency of the C and S anti-
coagulant proteins). As we know the subjects are more prone to 
thromboembolism. The frequency of the DVT (and/or VTE) 
in these subjects significantly increases in the autumn 
(November) (37). Results from the Korean registry (38) has 
shown a raised frequency in DVT diagnoses both in autumn 
and winter compared to the hot seasons. To date there is still 
an active debate among the effective reasons to associate 
the climate variations and the environment changes with 
the frequency of the DVT. However, we hypothesized that 
cold climate negatively acts both on the coagulative balance 
and on the peripheral vasoconstriction, and it increases the 
vasoconstrictive tone of artery-venous shunt (39). All these 
situations are risk factors for thromboembolic events in 
venous circulation, and they may play a role in determining 
the frequency of VTE and DVT. On the contrary, the posi-
tive effect of the sun exposure on the VTE risk has been 
demonstrated (40). Reduction of the VTE risk up to 30% 
was found in subjects sunbathing both during winter and 
summer vacations. It is known that the exposure to ultraviolet 
light improves the vitamin D status (41). Furthermore, the 
anticoagulant capability of the 1,25 vitamin D is known as 
active metabolite of the vitamin D related to the upregulation 
of the thrombomodulin generation and conversely effect on 
the downregulation of the tissue factor (42,43). In addition, 
an inverse correlation was found between the levels of the 
25-OH vitamin D and the plasminogen activator inhibitor-1, 
and with the tissue-type plasminogen activator antigen (44). 
These findings support the etiological effect of climate on 
the emerging risk and on the clinical appearance of venous 
thrombotic disease of lower limbs as venous diseases poten-
tially relate to seasonal variations.

7. Conclusions

In  conclusion, there is a large body of research focused 
on pathophysiologic and on epidemiologic questions, and 
these have provided consistent evidence on the dangerous 
effects on the cardiovascular system originated from current 
and prolonged inhalation of air pollutants. Particulate 
matters (PM10, PM2.5, ultrafine PM) play a crucial role both 
in determining procoagulant disorders and in promoting an 
inflammatory pathway. All these situations play a pathoge-
netic role on thrombotic diseases and particularly on VTE. 
However, the link between environment variations with VTE 
is less established than to arterial thrombotic events, however, 
the air pollutants negatively act on several targets (leukocyte, 
platelets, coagulative factors, inflammatory markers and endo-
thelial markers) which play crucial roles in pathophysiology 
of the VTE and DVT. We agree with the conclusive remarks 
given by Emmerechts et al (45) who considered the exposure 
to air pollutants as the highest risk factors for thrombotic 
events. Therefore, there is a need to reduce such exposure both 
at individual and global level.
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