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Abstract


Patients with myocardial infarction (MI) are at increased short-term risk of venous thromboembolism (VTE). The mechanisms behind this association are unclear. We aimed to investigate the impact of acute MI as a transient risk factor for incident VTE while taking other concomitant VTE risk factors into account. We conducted a case–crossover study of VTE patients (n = 707) recruited from the fourth survey of the Tromsø Study. VTE risk factors and hospitalizations were registered during the 90-day period preceding the VTE diagnosis (hazard period) and in four 90-day control periods. Conditional logistic regression was used to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for VTE according to acute MI and after adjustment for other risk factors. Additionally, we applied a mediation analysis to quantify how much the known transient risk factors account for the observed effect of MI on VTE risk. MI was recorded in 13 (1.8%) of the hazard periods and in 6 (0.2%) of the control periods, which yielded a crude OR of 11.9 (95% CI: 3.9–36.7). Adjustment for immobilization and infection yielded an OR of 2.7 (95% CI: 0.6–11.2). The OR was attenuated to 2.6 (95% CI: 0.6–11.9) after further adjustment for major surgery, trauma, red blood cell transfusion, and central venous catheterization. Approximately 60% of the association between MI and VTE was mediated through infection and immobilization. In conclusion, our findings suggest that the increased VTE risk after MI may to a large extent be explained by concomitant conditions related to MI, particularly infections and immobilization.




        
[bookmark: N10B23]
Keywords

venous thromboembolism - 
myocardial infarction - 
transient risk factor - 
infection - 
immobilization
      

[bookmark: N11245]
Authors' Contributions

[bookmark: FN190085-16]
        
J.K.S. contributed to statistical analysis, data interpretation, and drafted the manuscript. T.B., G.G., and T.I. contributed to data collection, data interpretation, and revision of the manuscript. K.H. contributed to statistical analysis, data interpretation, and revision of the manuscript. J.B.H. and V.M.M. contributed to the conception and design of the study, data interpretation, and revision of the manuscript. S.K.B. contributed to the conception and design of the study, data collection, statistical analysis, data interpretation, and revision of the manuscript. All authors reviewed and approved the final version of the manuscript.

      





[bookmark: N11252]
Supplementary Material


	
Supplementary Material











 

[bookmark: ]

[bookmark: N11269]
	
References


	
[bookmark: JR190085-1]1 

Cushman M. 

Epidemiology and risk factors for venous thrombosis. Semin Hematol 2007; 44 (02) 62-69 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-2]2 

Glynn RJ, 


Rosner B. 

Comparison of risk factors for the competing risks of coronary heart disease, stroke, and venous thromboembolism. Am J Epidemiol 2005; 162 (10) 975-982 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-3]3 

Mackman N. 

Triggers, targets and treatments for thrombosis. Nature 2008; 451 (7181): 914-918 





PubMedGoogle Scholar





	
[bookmark: JR190085-4]4 

Sørensen HT, 


Horvath-Puho E, 


Lash TL. 

, et al.  Heart disease may be a risk factor for pulmonary embolism without peripheral deep venous thrombosis. Circulation 2011; 124 (13) 1435-1441 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-5]5 

Sørensen HT, 


Horvath-Puho E, 


Søgaard KK. 

, et al.  Arterial cardiovascular events, statins, low-dose aspirin and subsequent risk of venous thromboembolism: a population-based case-control study. J Thromb Haemost 2009; 7 (04) 521-528 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-6]6 

Rinde LB, 


Lind C, 


Småbrekke B. 

, et al.  Impact of incident myocardial infarction on the risk of venous thromboembolism: the Tromsø Study. J Thromb Haemost 2016; 14 (06) 1183-1191 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-7]7 

Brækkan SK, 


Hald EM, 


Mathiesen EB. 

, et al.  Competing risk of atherosclerotic risk factors for arterial and venous thrombosis in a general population: the Tromso study. Arterioscler Thromb Vasc Biol 2012; 32 (02) 487-491 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-8]8 

Mahmoodi BK, 


Cushman M, 


Anne Næss I. 

, et al.  Association of traditional cardiovascular risk factors with venous thromboembolism: an individual participant data meta-analysis of prospective studies. Circulation 2017; 135 (01) 7-16 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-9]9 

Lijfering WM, 


Flinterman LE, 


Vandenbroucke JP, 


Rosendaal FR, 


Cannegieter SC. 

Relationship between venous and arterial thrombosis: a review of the literature from a causal perspective. Semin Thromb Hemost 2011; 37 (08) 885-896 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR190085-10]10 

Vardi M, 


Piazza G, 


Pencina MJ. 

, et al.  Risk assessment to predict arterial and venous events in patients undergoing percutaneous coronary intervention. Clin Appl Thromb Hemost 2014; 20 (05) 478-483 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-11]11 

Morange PE, 


Trégouët DA. 

Current knowledge on the genetics of incident venous thrombosis. J Thromb Haemost 2013; 11 (Suppl. 01) 111-121 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-12]12 

Doggen CJ, 


Rosendaal FR, 


Meijers JC. 

Levels of intrinsic coagulation factors and the risk of myocardial infarction among men: opposite and synergistic effects of factors XI and XII. Blood 2006; 108 (13) 4045-4051 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-13]13 

Merlini PA, 


Bauer KA, 


Oltrona L. 

, et al.  Persistent activation of coagulation mechanism in unstable angina and myocardial infarction. Circulation 1994; 90 (01) 61-68 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-14]14 

Cortellaro M, 


Boschetti C, 


Cofrancesco E. 

, et al; PLAT Study Group. Progetto Lombardo Atero-Trombosi (PLAT) Study Group.  The PLAT Study: hemostatic function in relation to atherothrombotic ischemic events in vascular disease patients. Principal results. Arterioscler Thromb 1992; 12 (09) 1063-1070 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-15]15 

Rosendaal FR. 

Venous thrombosis: a multicausal disease. Lancet 1999; 353 (9159): 1167-1173 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-16]16 

Jacobsen BK, 


Eggen AE, 


Mathiesen EB, 


Wilsgaard T, 


Njølstad I. 

Cohort profile: the Tromso Study. Int J Epidemiol 2012; 41 (04) 961-967 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-17]17 

Braekkan SK, 


Mathiesen EB, 


Njølstad I, 


Wilsgaard T, 


Størmer J, 


Hansen JB. 

Mean platelet volume is a risk factor for venous thromboembolism: the Tromsø Study, Tromsø, Norway. J Thromb Haemost 2010; 8 (01) 157-162 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-18]18 

Maclure M. 

The case-crossover design: a method for studying transient effects on the risk of acute events. Am J Epidemiol 1991; 133 (02) 144-153 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-19]19 

Kearon C, 


Ageno W, 


Cannegieter SC, 


Cosmi B, 


Geersing GJ, 


Kyrle PA. 

; Subcommittees on Control of Anticoagulation, and Predictive and Diagnostic Variables in Thrombotic Disease.  Categorization of patients as having provoked or unprovoked venous thromboembolism: guidance from the SSC of ISTH. J Thromb Haemost 2016; 14 (07) 1480-1483 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-20]20 

Maclure M, 


Mittleman MA. 

Should we use a case-crossover design?. Annu Rev Public Health 2000; 21: 193-221 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-21]21 

Grimnes G, 


Isaksen T, 


Tichelaar YIGV, 


Brækkan SK, 


Hansen JB. 

Acute infection as a trigger for incident venous thromboembolism: results from a population-based case-crossover study. Res Pract Thromb Haemost 2017; 2 (01) 85-92 





PubMedGoogle Scholar





	
[bookmark: JR190085-22]22 

Katz MH. 

Multivariable analysis: a primer for readers of medical research. Ann Intern Med 2003; 138 (08) 644-650 



Google Scholar





	
[bookmark: JR190085-23]23 

Heit JA, 


Silverstein MD, 


Mohr DN, 


Petterson TM, 


O'Fallon WM, 


Melton III LJ. 

Risk factors for deep vein thrombosis and pulmonary embolism: a population-based case-control study. Arch Intern Med 2000; 160 (06) 809-815 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-24]24 

Breen R, 


Karlson KB, 


Holm A. 

Total, direct, and indirect effects in logit and probit models. Sociol Methods Res 2013; 42 (02) 164-191 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-25]25 

Karlson KB, 


Holm A. 

Decomposing primary and secondary effects: a new decomposition method. Res Soc Stratification Mobility 2011; 29 (02) 221-237 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-26]26 

Karlson KB, 


Holm A, 


Breen R. 

Comparing regression coefficients between same-sample nested models using logit and probit: a new method. Sociol Methodol 2012; 42 (01) 286-313 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-27]27 

Yang T-C, 


Park K. 

To what extent do sleep quality and duration mediate the effect of perceived discrimination on health? Evidence from Philadelphia. J Urban Health 2015; 92 (06) 1024-1037 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-28]28 

Barsoum MK, 


Cohoon KP, 


Roger VL. 

, et al.  Are myocardial infarction and venous thromboembolism associated? Population-based case-control and cohort studies. Thromb Res 2014; 134 (03) 593-598 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-29]29 

Ramirez J, 


Aliberti S, 


Mirsaeidi M. 

, et al.  Acute myocardial infarction in hospitalized patients with community-acquired pneumonia. Clin Infect Dis 2008; 47 (02) 182-187 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-30]30 

Levi M, 


van der Poll T, 


Schultz M. 

Infection and inflammation as risk factors for thrombosis and atherosclerosis. Semin Thromb Hemost 2012; 38 (05) 506-514 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR190085-31]31 

Nawrot TS, 


Perez L, 


Künzli N, 


Munters E, 


Nemery B. 

Public health importance of triggers of myocardial infarction: a comparative risk assessment. Lancet 2011; 377 (9767): 732-740 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-32]32 

Truffa AA, 


Granger CB, 


White KR. 

, et al.  Serious infection after acute myocardial infarction: incidence, clinical features, and outcomes. JACC Cardiovasc Interv 2012; 5 (07) 769-776 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-33]33 

Bryan CS, 


Yarbrough WM. 

Preventing deep wound infection after coronary artery bypass grafting: a review. Tex Heart Inst J 2013; 40 (02) 125-139 





PubMedGoogle Scholar





	
[bookmark: JR190085-34]34 

Zakai NA, 


Wright J, 


Cushman M. 

Risk factors for venous thrombosis in medical inpatients: validation of a thrombosis risk score. J Thromb Haemost 2004; 2 (12) 2156-2161 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-35]35 

Merah A, 


Bertoletti L, 


Ginzarly M. 

, et al; RIETE investigators.  Prior thromboprophylaxis and outcome in patients experiencing acute venous thromboembolism after an acute medical illness. Eur J Intern Med 2016; 30: 72-76 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-36]36 

Guyatt GH, 


Akl EA, 


Crowther M, 


Gutterman DD, 


Schuunemann HJ. 

; American College of Chest Physicians Antithrombotic T, et al.  Executive summary: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012; 141 (2 Suppl): 7S-47S 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-37]37 

Kahn SR, 


Lim W, 


Dunn AS. 

, et al.  Prevention of VTE in nonsurgical patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012; 141 (2, Suppl): e195S-e226S 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-38]38 

Piccolo R, 


Windecker S. 

Dual antiplatelet therapy in percutaneous coronary intervention: a tale of 2 decades with new perspectives in the era of new-generation drug-eluting stents. Circ Cardiovasc Interv 2016; 9 (02) e003587 





PubMedGoogle Scholar





	
[bookmark: JR190085-39]39 

Meadows TA, 


Bhatt DL. 

Clinical aspects of platelet inhibitors and thrombus formation. Circ Res 2007; 100 (09) 1261-1275 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-40]40 

Goldhaber SZ, 


Leizorovicz A, 


Kakkar AK. 

, et al; ADOPT Trial Investigators.  Apixaban versus enoxaparin for thromboprophylaxis in medically ill patients. N Engl J Med 2011; 365 (23) 2167-2177 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-41]41 

Samama MM, 


Cohen AT, 


Darmon JY. 

, et al; Prophylaxis in Medical Patients with Enoxaparin Study Group.  A comparison of enoxaparin with placebo for the prevention of venous thromboembolism in acutely ill medical patients. N Engl J Med 1999; 341 (11) 793-800 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-42]42 

Francis CW. 

Clinical practice. Prophylaxis for thromboembolism in hospitalized medical patients. N Engl J Med 2007; 356 (14) 1438-1444 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-43]43 

Brodin E, 


Børvik T, 


Sandset PM, 


Bønaa KH, 


Nordøy A, 


Hansen JB. 

Coagulation activation in young survivors of myocardial infarction (MI)--a population-based case-control study. Thromb Haemost 2004; 92 (01) 178-184 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR190085-44]44 

Miller GJ, 


Bauer KA, 


Barzegar S, 


Cooper JA, 


Rosenberg RD. 

Increased activation of the haemostatic system in men at high risk of fatal coronary heart disease. Thromb Haemost 1996; 75 (05) 767-771 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR190085-45]45 

Moor E, 


Silveira A, 


van't Hooft F. 

, et al.  Coagulation factor VII mass and activity in young men with myocardial infarction at a young age. Role of plasma lipoproteins and factor VII genotype. Arterioscler Thromb Vasc Biol 1995; 15 (05) 655-664 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR190085-46]46 

Investigators WMPP. 

; WHO MONICA Project Principal Investigators.  The World Health Organization MONICA Project (monitoring trends and determinants in cardiovascular disease): a major international collaboration. J Clin Epidemiol 1988; 41 (02) 105-114 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supplementary Material











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.226.229.159
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  