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Abstract

:

Anticoagulation, the body’s mechanism to prevent blood clotting, is an internal biomarker of an individual’s response to stress. Research has indicated that understanding the causes, processes, and consequences of anticoagulation can provide important insight into the experience of individuals facing emotional and occupational strain. Unfortunately, despite their importance, the mechanisms and implications of anticoagulation are unfamiliar to many researchers and practitioners working with trauma-exposed professionals. This paper provides an accessible primer on the topic of anticoagulation, including an overview of the biological process, the research connecting these processes with emotional and occupational functioning, as well as some potential methods for assessment.






Keywords:


anticoagulants; hemostasis; stress; occupational stress












1. Introduction


The biological responses to stress are myriad and complex. This complexity is amplified by the consideration of psychological processes, which can affect the experience, response, and impact of physiological reactions. For researchers, these integrated biopsychosocial mechanisms provide countless opportunities for clever means of assessment. By capturing underlying biological data, richer insight into cognitive and emotional functioning can be obtained, while overcoming some of the limitations of more traditional self-reports. Unfortunately, this complexity can also serve as a barrier to practitioners and researchers, as surveying vast and widely discrepant fields of knowledge can prove near impossible. As a result, useful biomarkers may be relatively neglected within certain domains of research.



We wish to highlight one such biological process: the link between anticoagulation and stress or trauma. Circulating levels of anticoagulants may provide a useful indicator of stress reactivity and response, supplementing other more common measures such as cortisol and heart rate. In this primer on the topic of anticoagulants, we will provide a brief description of the relevant biological processes, as well as a summary of the literature indicating its relevance for both personal and occupational health.




2. Hemostasis and the Hemostatic System


An understanding of coagulation begins with hemostasis and the hemostatic system. The circulation of blood with finely balanced viscosity is critical for healthy functioning [1]. In the case of injury, hemorrhaging must be limited, and the mechanism to ensure this is known as hemostasis [2]. This normal and adaptive process is adaptive but may also become excessively activated, leading to a maladaptive disruption of blood flow. For example, if the viscosity of the blood is too thick or if there are imperfections in blood vessels, blood clots might be formed. Thus, blood viscosity can be either pathologically uninhibited (i.e., hemorrhaging) or pathologically inhibited (i.e., thrombosis). The system to manage this balance is known as the hemostatic system, consisting of coagulation, fibrinolysis, and platelets. Both hemostasis and the hemostatic system are essential for understanding the role of anticoagulants. For a visual reference of this process, please consult Figure 1.



In the case of injury, blood loss becomes an immediate concern for the body to address, as it can ultimately prove fatal. When a blood vessel is damaged, the blood contained therein will begin to “leak out” (i.e., hemorrhaging, which can be either internal or external). Fortunately, hemostasis, the body’s system of coagulation and platelets, activates in response to injury [3].



In what is referred to as “primary hemostasis”, the response of platelets is key [4]. Platelets normally circulate within the blood, neither adhering to structures nor excessively congregating [5]. In the case of damage to the interior wall of a blood vessel, also known as the endothelium, platelets will begin to adhere to the subendothelial collagen. As platelets begin to “stick” to the site of the injury, they become activated. This activation leads to the release of various products (e.g., serotonin) that are designed to facilitate further platelet aggregation [6]. In effect, these agents attract more platelets to the damaged area that, in turn, adhere to the already attached platelets, become activated, and support a continuous cycle of platelet attraction and activation.



To illustrate this process, one might imagine a leak in a large bucket. Each platelet moving to the injury represents a piece of tape being placed over the leak. One piece of tape is likely to prove insufficient, so additional pieces are required. As the platelets aggregate, more and more pieces of tape are placed over the hole, until there is a sufficient number of pieces to hold back the water. This accumulation is referred to as the platelet plug [7].



While the platelet plug is forming, “secondary hemostasis” can begin [8]. This process is defined by the “coagulation cascade”, in which clotting factors within blood plasma are activated (the chain of activations across these factors, with one activating the next, is why the process is referred to as a cascade) [9]. Down the sequence of these activations, the enzyme thrombin is activated, leading to the “thrombin burst”. Thrombin is now released very rapidly, resulting in several important consequences. Thrombin expression induces further activation of platelets and clotting factors, but perhaps most importantly, will lead to the formation of fibrin.



Fibrin will organize in longitudinal and lateral strands, forming a three-dimensional mesh that stabilizes the platelet plug. The formation of this mesh also incorporates platelets and blood cells within its structure, causing the platelet plug to harden [10]. The plug is subsequently referred to as a “thrombus” or “clot”. Returning to the example of placing tape over a leaking bucket, in secondary hemostasis, a patch is now layered over the tape as a final seal.



The creation of the clot, or thrombus, reflects the efforts of a defensive healing system. Unfortunately, excessive and abnormal formation of blood clots (i.e., thrombosis) carries potentially severe consequences. Over 100 years ago, the physician Rudolf Virchow began a critical exploration of the factors contributing to thrombus formation, with modern research identifying three critical components known as Virchow’s triad: (1) hypercoagulability (i.e., abnormal blood constituents); (2) endothelial injury (i.e., vessel wall abnormalities); and (3) hemodynamic changes (i.e., abnormal blood flow) [11]. These three physiological indicators all place an individual at risk for thrombosis, which can subsequently result in a number of pathologies [12]. For example, if the clot becomes dislodged from the vessel wall and enters the circulatory system, serious medical complications such as stroke and heart attack are possible.



The final step of the hemostatic process, fibrinolysis, is designed to dissolve the clot without allowing its escape into the circulation. Incorporated within the clot is the enzyme plasminogen, which has an affinity for fibrin. When activated, plasminogen is converted to its active form, plasmin [13]. This activation is driven by tissue Plasminogen Activator (tPA) or urokinase Plasminogen Activator (uPA), the former being released by endothelial cells (specifically, the damaged endothelium of a blood vessel). Both tPA and uPA are regulated by the presence of plasminogen activator inhibitors PAI-I and PAI-2, maintaining the balance that is critical to the hemostatic system [14].



As the plasmin is activated, it begins to cut at the fibrin strands that comprise the mesh stabilizing the platelet plug. The plasmin will continue this work until the clot is dissolved, leaving only tiny remaining fragments. These soluble remains are known as fibrin degradation products (FDPs). A notable FDP is D-dimer, whose fragments provide an indication of the degree of thrombosis. Concentrations of D-dimer have become a useful indicator of the functioning of fibrinolytic systems [15].




3. The Role of Anticoagulants


The activation of thrombin is a critical step in blood coagulation and subsequent clotting. However, as noted previously, excessive blood coagulation (i.e., excessive inhibition of blood flow) is also harmful. To prevent this excess activity, the body produces a series of natural anticoagulants such as Protein C, Protein S, and antithrombin [16]. These anticoagulants limit the activation of thrombin, thereby preventing thrombin’s ability to transform fibrinogen into fibrin and resulting in a disruption of the mesh stabilizing the platelet plug. Furthermore, substances such as antithrombin inactivate other coagulation factors, again limiting the amount of coagulation taking place [17].



These substances combine with other biological mechanisms that serve an anticoagulant function. For instance, vascular endothelial cells are wrapped in a gel-like structure known as the glycocalyx. The glycocalyx acts as a barrier between these cells and the circulating components of the blood [18]. In addition to its protective function, the glycocalyx regulates vascular permeability and prevents clotting activation [19]. Furthermore, the intact endothelium has several anticoagulant mechanisms, including the secretion of heparan sulfate, which enhances the anticoagulant properties of antithrombin. Unfortunately, this protective barrier is highly susceptible to disruption (and subsequent thinning) from vascular pathologies and stress [20,21].



In summary, anticoagulation plays a key role in preventing blood flow from becoming pathologically inhibited and serves as a marker of healthy recovery.




4. An Evolutionary Perspective on Anticoagulants in Response to Trauma


Understanding the important role of anticoagulants in response to injury may initially appear less relevant to researchers or clinicians interested in emotional and psychological processes. After all, many people work with trauma-exposed professionals outside of the context of physical injury. However, these processes are not only relevant in the case of physical injury but are also important for understanding an individual’s response to stress. Specifically, there appears to be significant stress-related changes to the hemostatic system that can impact thrombosis.



The experience of stress may place individuals in a “prothrombotic state”; their bodies may be primed to engage in the wound-healing processes described above. Individuals undergoing stress may demonstrate hypercoagulability, hyperactive platelets, and attenuated fibrinolysis [22]. From an evolutionary perspective, this state of readiness makes sense. If an individual is experiencing stress, say, for example, they are being hunted by a predatory animal, the “fight or flight” mechanism is engaged. In either case (fighting or fleeing), the potential for injury is elevated. If an individual is running or fighting and sustains an injury, excessive bleeding places them in grave danger. Thus, the body’s adoption of a prothrombotic state is meant to provide a readiness to address this potentially lethal contingency [23]. Moreover, since the system is designed to manage injuries succumbed in a state of fight or flight, the body will be physically active, involved in fighting or fleeing, which counteracts the risk for blot clots due to the increased thrombolytic activity.




5. Anticoagulant Links to Stress


The prothrombotic readiness that accompanies sympathetic nervous system activation can prove detrimental if it is excessive (as is the case for essentially all biological processes). However, it is perhaps most detrimental when it is removed from the fight or flight context. An individual who needs to fight to survive may indeed derive utility from a readiness to prevent bleeding, but what is the benefit for an individual maintaining this readiness in the face of daily occupational stressors? Entering a state of hypercoagulability in response to having to deal with a supervisor every day is not only ineffective, but the translation of this acute state of readiness into chronic hypercoagulability may result in poor coping and cardiovascular strain [24]. Indeed, this is precisely the situation experienced by trauma-exposed professionals.



The term “stress” is extremely broad. It can refer to external challenges (e.g., work responsibilities), a traumatic physical or psychological event, or an internal experience of strain or negative emotions (e.g., feeling anxious). Furthermore, the experience of stress is necessarily personalized to the individual experiencing it. The same external challenge may result in widely different experiences of stress for different individuals, based upon their discrepant learning histories, personalities, cultural contexts, overall health, and their immediate assessment of the event. Indeed, studies of demographic variables and prothrombotic stress responses have revealed some intriguing findings. Age appears to be positively correlated with prothrombotic stress responses (as measured by the aforementioned D-dimer levels) [25]. Men also appear to have a relatively higher level of stress-induced hypercoagulability as compared to women [26]. Health factors such as hypertension are associated with greater platelet activation and D-dimer increase, suggesting that individuals with elevated rates of cardiovascular disease may experience diminished fibrinolysis activation [27].



What is important for this discussion is that hemostatic alterations can be driven by the experience of stress, with all of the aforementioned variables playing a role. We wish to briefly discuss two of several chronic stressors that are particularly relevant for the functioning of the hemostatic system for trauma-exposed professionals: occupational stress and psychological health.



One’s occupation can directly relate to hemostatic functioning. Some of this comes from the economic consequences of employment. For example, higher levels of fibrinogen are found in unemployed versus employed individuals [28]. This finding dovetails with other research indicating that lower socioeconomic status, including occupation, predicts elevated levels of fibrinogen [29]. However, there is also evidence that these processes are modified by the experience of on-the-job tasks, as opposed to solely economic factors.



An important early demonstration of this finding was conducted by Friedman and Rosenman (1959) [30], who found that accountants experiencing a period of increased workload during the tax season demonstrated decreased coagulation time that was alleviated when the workload was normalized. A number of other studies have found similar results, though it should be noted that there are a great number of complicating factors within these data, and the findings are not universal. Nonetheless, research has repeatedly identified that workplace stress can translate to elevated levels of procoagulants and various prothrombotic markers—an overall state of hypercoagulability (accompanied by decreased fibrinolytic activity). These findings have been observed in situations where there is a discrepancy between workplace expectations and abilities [31], when employees report feelings of exhaustion [32], among civil servants [33], among factory workers [34], and across international boundaries [35]. These findings have also been demonstrated in interpersonal settings, such as those involved in caretaking. Those engaged in caretaking for individuals with Alzheimer’s disease have demonstrated similar hypercoagulability [36], with particularly intriguing research noting that problematic behaviors engaged in by the suffering individual are associated with elevations in a procoagulant index among caretakers [37]. Speaking summarily, there appears to be an important relationship between one’s working environment and hemostatic functioning [38].



Psychological distress and psychiatric symptoms, such as depression and anxiety, are also associated with hypercoagulability [39]. A particularly strong relationship between depression and related thrombophilic states has been observed [40]. Self-reports of depressive symptoms reliably correlate with procoagulant and antifibrinolytic variables [41,42], and depressed individuals demonstrate increased platelet activity [43]. These results have also been reported when following individuals longitudinally [44]. More generally, in a study of healthy young adults, the relation between self-reported distress and increased fibrinogen levels was maintained even after statistically controlling for a number of potential confounds [45].



The literature concerning anxiety and prothrombotic states is more ambiguous. Some studies have found that anxiety is associated with increased fibrinogen levels [31]. In a study of patients with an anxiety disorder (i.e., panic disorder or social phobia), Geiser et al. (2008) calculated summary scores from coagulation and fibrinolysis measures. As compared to controls, patients with anxiety disorders were higher in composite hemostatic scores and a sum score of fibrinolysis. However, these results have not been consistently replicated [46]. A somewhat more consistent finding is that anxiety may relate to impaired fibrinolysis [39].



Those who work with trauma-exposed professionals may be particularly interested in the relation between PTSD and hemostatic functioning. Prothrombotic markers (e.g., soluble tissue factor) may be predictive of the development of PTSD symptoms following a traumatic incident and are similarly relevant for the PTSD symptom cluster of experiential avoidance [47]. Hyperarousal and overall number of PTSD symptoms may also correlate with plasma fibrinogen levels [48]. Severity of PTSD has also demonstrated associations with pro-thrombotic factors, including among civilians with a PTSD diagnosis [49]. However, not all studies have found baseline differences when comparing those with a diagnosis of PTSD against controls [50], with some evidence suggesting that momentary stress may be an important moderating variable [51].



What is clear is that hemostatic functioning can be significantly affected by the experience of occupational strains, be they chronic stressors, physical injury, or psychological pain. Hypercoagulability is a primary indicator of this process and has been utilized in research as a biomarker of an individual’s stress-response. However, comparatively less attention has been devoted to the complementary role of anticoagulants or the response in stress adaptation.



As we previously described, anticoagulants limit the activation of thrombin, an important process to prevent thrombosis. Upon first glance, the relevance of this process may seem limited to the experience of physical injury. Although the mechanism of hypercoagulability likely evolved for functioning in the face of potential injury, increasing evidence suggests it becomes chronically activated in the face of modern workplace stress. Similarly, so too does the body’s system of endogenous anticoagulants have a role to play beyond the specific experience of response to injury.



With the body entering a prothrombotic state, anticoagulants may be released as a natural countermeasure, and this is particularly demonstrated in areas of the blood vessel system with an increased risk for clotting, e.g., where vessels divide or bifurcate, which causes turbulence that increases the risk for clotting [52]. As we have discussed, this is important during stressful encounters in order to limit the risk of stress-induced blood clotting [52]. A 5–10% elevation in antithrombin has been observed following stressful psychological tasks in a laboratory, with return to basal levels seen within 45 min post-stress [53]. In chronic stress, the functioning of anticoagulants has been proposed by some as a counterregulatory measure to balance the prothrombotic effects of chronic stress [54]. In other words, if chronic stress induces hypercoagulability, anticoagulants may be released to attenuate the clotting effects.



In our own research with police officers, we have examined the potential effects of anticoagulant levels. In a previous study [55], we examined the performance of police officers during a simulated crime scenario. The scenario was complex, involving multiple actors, unexpected changes in circumstances, and actors speaking in multiple languages. The participating cadets were evaluated by live observers across a number of domains and blood samples were collected prior to, and immediately following, the simulation.



Because anticoagulants may serve the noted counterregulatory function, they are in some respects an index of physiological arousal (i.e., levels elevate in response to the prothrombotic state brought on by the experience of stress). In our study with police cadets, elevations in the anticoagulant antithrombin predicted higher Total Performance Ratings (a summary score of the cadet’s overall performance across multiple skill domains). Antithrombin was also a significant predictor of performance in Tactical Skills and Nonverbal Communication. Conversely, antithrombin levels were negatively correlated with Verbal Performance, a finding that we attributed to the differential effects of physiological arousal on performance of tasks with high cognitive demand.



These positive effects of antithrombin are important to note. If the assertion that anticoagulants serve as a counterregulatory measure to the prothrombotic state of stress is true, then anticoagulants may represent more than a proxy for the experience of stress and serve as a specific indicator of the body’s healthy response to stress. As such, when measuring the health of professionals, be it in response to an acute event or to ongoing workplace strains, the measurement of anticoagulants may provide an index of the extent to which the body is able to adaptively respond to some of the more commonly assessed hemostatic markers.




6. Measurement Advice


As evidenced from the current discussion, the hemostatic system is complex. However, at a higher level, there are three distinct components: the platelets; the coagulatory systems; and the anticoagulatory systems.



The simplest test is to measure bleeding time, which is a reflection of the clotting system’s efficiency. The shorter the bleeding time, the more active the clotting system is. The two most commonly used measures of clotting time are prothrombin time (PT) and activated partial thromboplastin time (aPTT). These tests are widely available at most clinical pathology laboratories. These measures are also used to make sure that persons treated by blood thinners (e.g., after having suffered a thrombolytic stroke) receive the right amount of anticoagulant medication.



The concentration of platelets in the blood is part of the complete blood count panel often reported by primary care doctors as part of the annual physical. The normal range, partly dependent on lab reference values, is between 140 and 400 × 103/uL. In addition to measuring the number of platelets in the blood, there are methods to determine how well they function.



Measurement of various components of the coagulatory and the anticoagulatory secondary homeostatic systems is also well-established and is performed in most clinical pathology laboratories. As discussed above, the secondary homeostatic system can be likened to a cascade. Dependent on clinical concerns and specific research interests, one has to select which of several components in the coagulatory and the anticoagulatory systems one wants to measure.



However, in the case of capturing the overall function of the clotting system and changes over time due to stress, measuring the clotting time is a simple, straightforward, and rather inexpensive method. Measuring other components and systems discussed above is only motivated with the need to understand damages to specific components of the clotting systems.




7. Conclusions


As researchers and clinicians consider new methods and variables to supplement self-report measures of stress and health among trauma-exposed professionals, we hope that anticoagulants will begin to receive increased attention. As a core biological process, anticoagulants may serve as an important biomarker of response to stress, both acutely and chronically. Furthermore, the methods to assess these processes can be relatively straightforward and inexpensive, particularly for those already accustomed to blood sample collections. Although anticoagulation and its associated mechanisms may initially appear somewhat alien, as the preceding discussion has hopefully illustrated, it is a conceptually and practically accessible subject for research and clinical attention.







Author Contributions


Conceptualization, E.A. and B.B.A.; Writing—original draft preparation, E.A. and B.B.A.; Writing—review and editing, E.A. and B.B.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Naghedi-Baghdar, H.; Nazari, S.-M.; Taghipour, A.; Nematy, M.; Shokri, S.; Mehri, M.-R.; Molkara, T.; Javan, R. Effect of diet on blood viscosity in healthy humans: A systematic review. Electron. Physician 2018, 10, 6563–6570. [Google Scholar] [CrossRef]

	



Lippi, G.; Favaloro, E.J. Laboratory hemostasis: From biology to the bench. Clin. Chem. Lab. Med. 2018, 56, 1035–1045. [Google Scholar] [CrossRef] [PubMed]

	



Ilich, A.; Bokarev, I.; Key, N.S. Global assays of fibrinolysis. Int. J. Lab. Hematol. 2017, 39, 441–447. [Google Scholar] [CrossRef]

	



Bonar, R.A.; Lippi, G.; Favaloro, E.J. Overview of Hemostasis and Thrombosis and Contribution of Laboratory Testing to Diagnosis and Management of Hemostasis and Thrombosis Disorders. Methods Mol. Biol. 2017, 1646, 3–27. [Google Scholar] [CrossRef]

	



Li, R.; Hoffmeister, K.M.; Falet, H. Glycans and the platelet life cycle. Platelets 2016, 27, 505–511. [Google Scholar] [CrossRef] [PubMed]

	



Mammadova-Bach, E.; Mauler, M.; Braun, A.; Duerschmied, D. Autocrine and paracrine regulatory functions of platelet serotonin. Platelets 2018, 29, 541–548. [Google Scholar] [CrossRef]

	



Pryzdial, E.L.; Lee, F.M.; Lin, B.H.; Carter, R.L.; Tegegn, T.Z.; Belletrutti, M.J. Blood coagulation dissected. Transfus. Apher. Sci. 2018, 57, 449–457. [Google Scholar] [CrossRef] [PubMed]

	



Favaloro, E.J.; Lippi, G. On the complexity of hemostasis and the need for harmonization of test practice. Clin. Chem. Lab. Med. 2018, 56, 1568–1574. [Google Scholar] [CrossRef]

	



McVey, J. The role of the tissue factor pathway in haemostasis and beyond. Curr. Opin. Hematol. 2016, 23, 453–461. [Google Scholar] [CrossRef]

	



Fibrin Formation, Structure and Properties|SpringerLink. Available online: https://link.springer.com/chapter/10.1007/978-3-319-49674-0_13 (accessed on 20 September 2021).

	



Ding, W.Y.; Gupta, D.; Lip, G.Y.H. Atrial fibrillation and the prothrombotic state: Revisiting Virchow’s triad in 2020. Heart 2020, 106, 1463–1468. [Google Scholar] [CrossRef]

	



Kushner, A.; West, W.P.; Pillarisetty, L.S. Virchow Triad. In StatPearls; StatPearls Publishing: Treasure Island, Fl, USA, 2021. Available online: http://www.ncbi.nlm.nih.gov/books/NBK539697/ (accessed on 20 September 2021).

	



Keragala, C.B.; Medcalf, R.L. Plasminogen: An enigmatic zymogen. Blood 2021, 137, 2881–2889. [Google Scholar] [CrossRef] [PubMed]

	



Lisman, T.; Medcalf, R.L.; Kwaan, H.C. Fibrinolysis: Biochemistry, Clinical Aspects, and Therapeutic Potential. Semin. Thromb. Hemost. 2017, 43, 113–114. [Google Scholar] [CrossRef] [PubMed]

	



D-dimer antigen: Current concepts and future prospects|Blood|American Society of Hematology. Available online: https://ashpublications.org/blood/article/113/13/2878/24753/D-dimer-antigen-current-concepts-and-future (accessed on 22 September 2021).

	



Miike, T.; Sakamoto, Y.; Narumi, S.; Yoshitake, K.; Sakurai, R.; Nakayama, K.; Inoue, S. Influence of high-dose antithrombin on platelet function and blood coagulation. Acute Med. Surg. 2021, 8, e648. [Google Scholar] [CrossRef] [PubMed]

	



Corral, J.; de la Morena-Barrio, M.E.; Vicente, V. The genetics of antithrombin. Thromb. Res. 2018, 169, 23–29. [Google Scholar] [CrossRef]

	



Georgiadou, A.; Cunnington, A.J. Shedding of the Vascular Endothelial Glycocalyx: A Common Pathway to Severe Malaria? Clin. Infect. Dis. 2019, 69, 1721–1723. [Google Scholar] [CrossRef] [PubMed]

	



Iba, T.; Levy, J.H. Derangement of the endothelial glycocalyx in sepsis. J. Thromb. Haemost. 2019, 17, 283–294. [Google Scholar] [CrossRef]

	



Haeren, R.H.L.; Vink, H.; Staals, J.; Zandvoort, M.A.M.J.V.; Dings, J.; van Overbeeke, J.J.; Hoogland, G.; Rijkers, K.; Schijns, O.E.M.G. Protocol for intraoperative assessment of the human cerebrovascular glycocalyx. BMJ Open 2017, 7, e013954. [Google Scholar] [CrossRef] [PubMed]

	



Futtrup, J.; Margolinsky, R.; Benros, M.E.; Moos, T.; Routhe, L.J.; Rungby, J.; Krogh, J. Blood-brain barrier pathology in patients with severe mental disorders: A systematic review and meta-analysis of biomarkers in case-control studies. Brain Behav. Immun. Health 2020, 6, 100102. [Google Scholar] [CrossRef]

	



Bentur, O.S.; Sarig, G.; Brenner, B.; Jacob, G. Effects of Acute Stress on Thrombosis. Semin. Thromb. Hemost. 2018, 44, 662–668. [Google Scholar] [CrossRef]

	



Sharma, A. Stress and Depressive Disorder. In Stress and Struggles; Somashekar, B.S., Manjunatha, N., Chaturvedi, S.K., Eds.; Indo-UK Stress and Mental Health Group: Coventary, UK; Bengaluru, India, 2020; pp. 252–274. [Google Scholar]

	



von Känel, R. Acute mental stress and hemostasis: When physiology becomes vascular harm. Thromb. Res. 2015, 135, S52–S55. [Google Scholar] [CrossRef]

	



Wirtz, P.H.; Redwine, L.S.; Baertschi, C.; Spillmann, M.; Ehlert, U.; von Känel, R. Coagulation Activity Before and After Acute Psychosocial Stress Increases With Age. Psychosom. Med. 2008, 70, 476–481. [Google Scholar] [CrossRef]

	



Jern, C.; Eriksson, E.; Tengborn, L.; Risberg, B.; Wadenvik, H.; Jern, S. Changes of Plasma Coagulation and Fibrinolysis in Response to Mental Stress. Thromb. Haemost. 1989, 62, 767–771. [Google Scholar] [CrossRef] [PubMed]

	



von Känel, R.; Dimsdale, J.E.; Ziegler, M.G.; Mills, P.J.; Patterson, T.L.; Lee, S.K.; Grant, I. Effect of acute psychological stress on the hypercoagulable state in subjects (spousal caregivers of patients with Alzheimer’s disease) with coronary or cerebrovascular disease and/or systemic hypertension. Am. J. Cardiol. 2001, 87, 1405–1408. [Google Scholar] [CrossRef]

	



Kaptoge, S.; White, I.; Thompson, S.G.; Wood, A.M.; Lewington, S.; O Lowe, G.D.; Danesh, J. Associations of Plasma Fibrinogen Levels with Established Cardiovascular Disease Risk Factors, Inflammatory Markers, and Other Characteristics: Individual Participant Meta-Analysis of 154,211 Adults in 31 Prospective Studies. Am. J. Epidemiol. 2007, 166, 867–879. [Google Scholar] [CrossRef] [PubMed]

	



von Känel, R.; Mills, P.J.; Fainman, C.; Dimsdale, J.E. Effects of Psychological Stress and Psychiatric Disorders on Blood Coagulation and Fibrinolysis: A Biobehavioral Pathway to Coronary Artery Disease? Psychosom. Med. 2001, 63, 531–544. [Google Scholar] [CrossRef]

	



Friedman, M. Association of Specific Overt Behavior Pattern with Blood and Cardiovascular Findings: Blood Cholesterol Level, Blood Clotting Time, Incidence of Arcus Senilis, and Clinical Coronary Artery Disease. J. Am. Med Assoc. 1959, 169, 1286–1296. [Google Scholar] [CrossRef]

	



Folsom, A.R.; Qamhieh, H.T.; Flack, J.M.; Hilner, J.E.; Liu, K.; Howard, B.V.; Tracy, R.P. Plasma Fibrinogen: Levels and Correlates in Young Adults. Am. J. Epidemiol. 1993, 138, 1023–1036. [Google Scholar] [CrossRef]

	



Kop, W.J.; Hamulyak, K.; Pernot, C.; Appels, A. Relationship of Blood Coagulation and Fibrinolysis to Vital Exhaustion. Psychosom. Med. 1998, 60, 352–358. [Google Scholar] [CrossRef]

	



Brunner, E.; Marmot, M.; Canner, R.; Beksinska, M.; Smith, G.D.; O’Brien, J. Childhood social circumstances and psychosocial and behavioural factors as determinants of plasma fibrinogen. Lancet 1996, 347, 1008–1013. [Google Scholar] [CrossRef]

	



Ishizaki, M.; Tsuritani, I.; Noborisaka, Y.; Yamada, Y.; Tabata, M.; Nakagawa, H. Relationship between job stress and plasma fibrinolytic activity in male Japanese workers. Int. Arch. Occup. Environ. Health 1996, 68, 315–320. [Google Scholar] [CrossRef] [PubMed]

	



Chang, S.J.; Koh, S.B.; Cha, B.S.; Park, J.K. Job Characteristics and Blood Coagulation Factors in Korean Male Workers. J. Occup. Environ. Med. 2002, 44, 997–1002. [Google Scholar] [CrossRef]

	



von Känel, R.; Dimsdale, J.E.; Mills, P.J.; Ancoli-Israel, S.; Patterson, T.L.; Mausbach, B.; Grant, I. Effect of Alzheimer Caregiving Stress and Age on Frailty Markers Interleukin-6, C-Reactive Protein, and D-Dimer. J. Gerontol. Ser. A 2006, 61, 963–969. [Google Scholar] [CrossRef] [PubMed]

	



Von Känel, R.; Mausbach, B.; Dimsdale, J.E.; Mills, P.J.; Patterson, T.L.; Ancoli-Israel, S.; Ziegler, M.G.; Roepke, S.K.; Allison, M.; Grant, I. Problem Behavior of Dementia Patients Predicts Low-Grade Hypercoagulability in Spousal Caregivers. J. Gerontol. Ser. A 2010, 65, 1004–1011. [Google Scholar] [CrossRef] [PubMed]

	



Hansen, Å.M.; Larsen, A.D.; Rugulies, R.; Garde, A.H.; Knudsen, L.E. A Review of the Effect of the Psychosocial Working Environment on Physiological Changes in Blood and Urine. Basic Clin. Pharmacol. Toxicol. 2009, 105, 73–83. [Google Scholar] [CrossRef] [PubMed]

	



Geiser, F.; Meier, C.; Wegener, I.; Imbierowicz, K.; Conrad, R.; Liedtke, R.; Oldenburg, J.; Harbrecht, U. Association between Anxiety and Factors of Coagulation and Fibrinolysis. Psychother. Psychosom. 2008, 77, 377–383. [Google Scholar] [CrossRef] [PubMed]

	



Serebruany, V.L.; Glassman, A.H.; Malinin, A.I.; Sane, D.C.; Finkel, M.S.; Krishnan, R.R.; Atar, D.; Lekht, V.; O’Connor, C.M. Enhanced platelet/endothelial activation in depressed patients with acute coronary syndromes: Evidence from recent clinical trials. Blood Coagul Fibrinolysis 2003, 14, 563–567. [Google Scholar] [CrossRef] [PubMed]

	



Dentino, A.N.; Pieper, C.F.; Rao, K.M.K.; Currie, M.S.; Harris, T.; Blazer, D.G.; Cohen, H.J. Association of Interleukin-6 and Other Biologic Variables with Depression in Older People Living in the Community. J. Am. Geriatr. Soc. 1999, 47, 6–11. [Google Scholar] [CrossRef] [PubMed]

	



Maes, M.; Van der Planken, M.; Van Gastel, A.; Desnyder, R. Blood coagulation and platelet aggregation in major depression. J. Affect. Disord. 1996, 40, 35–40. [Google Scholar] [CrossRef]

	



Känel, R.V. Platelet hyperactivity in clinical depression and the beneficial effect of antidepressant drug treatment: How strong is the evidence? Acta Psychiatr. Scand. 2004, 110, 163–177. [Google Scholar] [CrossRef]

	



Matthews, K.A.; Schott, L.L.; Bromberger, J.; Cyranowski, J.; Everson-Rose, S.A.; Sowers, M.F. Associations Between Depressive Symptoms and Inflammatory/Hemostatic Markers in Women During the Menopausal Transition. Psychosom. Med. 2007, 69, 124–130. [Google Scholar] [CrossRef]

	



Lahlou-Laforet, K.; Alhenc-Gelas, M.; Pornin, M.; Bydlowski, S.; Seigneur, E.; Benetos, A.; Kierzin, J.-M.; Scarabin, P.-Y.; Ducimetiere, P.; Aiach, M.; et al. Relation of Depressive Mood to Plasminogen Activator Inhibitor, Tissue Plasminogen Activator, and Fibrinogen Levels in Patients With Versus Without Coronary Heart Disease. Am. J. Cardiol. 2006, 97, 1287–1291. [Google Scholar] [CrossRef] [PubMed]

	



Känel, R.V.; Kudielka, B.M.; Schulze, R.; Gander, M.-L.; Fischer, J.E. Hypercoagulability in Working Men and Women with High Levels of Panic-Like Anxiety. Psychother. Psychosom. 2004, 73, 353–360. [Google Scholar] [CrossRef] [PubMed]

	



von Känel, R.; Hepp, U.; Traber, R.; Kraemer, B.; Mica, L.; Keel, M.; Mausbach, B.T.; Schnyder, U. Measures of endothelial dysfunction in plasma of patients with posttraumatic stress disorder. Psychiatry Res. 2008, 158, 363–373. [Google Scholar] [CrossRef] [PubMed]

	



Von Kanel, R.; Hepp, U.; Buddeberg, C.; Keel, M.; Mica, L.; Aschbacher, K.; Schnyder, U. Altered Blood Coagulation in Patients with Posttraumatic Stress Disorder. Psychosom. Med. 2006, 68, 598–604. [Google Scholar] [CrossRef] [PubMed]

	



Robicsek, O.; Makhoul, B.; Klein, E.; Brenner, B.; Sarig, G. Hypercoagulation in chronic post-traumatic stress disorder. IMAJ-Isr. Med. Assoc. J. 2011, 13, 548. [Google Scholar]

	



Vidović, A.; Vilibić, M.; Markotić, A.; Sabioncello, A.; Gotovac, K.; Folnegović-Šmalc, V.; Dekaris, D. Baseline level of platelet-leukocyte aggregates, platelet CD63 expression, and soluble P-selectin concentration in patientswith posttraumatic stress disorder: A pilot study. Psychiatry Res. 2007, 150, 211–216. [Google Scholar] [CrossRef]

	



von Känel, R.; Abbas, C.C.; Schmid, J.-P.; Saner, H.; Haeberli, A.; Stutz, M.; Begré, S. Momentary stress moderates procoagulant reactivity to a trauma-specific interview in patients with posttraumatic stress disorder caused by myocardial infarction. J. Psychiatr. Res. 2010, 44, 956–963. [Google Scholar] [CrossRef]

	



Arnetz, B.; Ekman, R. (Eds.) Stress in Health and Disease, 1st ed.; Wiley-Blackwell: Weinheim, Germany, 2006. [Google Scholar]

	



Austin, A.W.; Patterson, S.M.; von Känel, R. Hemoconcentration and Hemostasis During Acute Stress: Interacting and Independent Effects. Ann. Behav. Med. 2011, 42, 153–173. [Google Scholar] [CrossRef]

	



Krummenacher, R.; Lukas, P.S.; Biasiutti, F.D.; Begré, S.; Znoj, H.; von Känel, R. Relationship Between Psychological Distress and Endogenous Anticoagulants in Patients With a Previous Venous Thromboembolic Event. Clin. Appl. Thromb. 2011, 17, 171–180. [Google Scholar] [CrossRef]

	



Arble, E.; Daugherty, A.M.; Arnetz, B. Differential Effects of Physiological Arousal Following Acute Stress on Police Officer Performance in a Simulated Critical Incident. Front. Psychol. 2019, 10. [Google Scholar] [CrossRef]








[image: Ijerph 18 10626 g001 550] 





Figure 1. A visual depiction of hemostasis and the hemostatic response. The image was created with BioRender.com (accessed on 27 September 2021). 
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