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Several epidemiological studies have identified gender-related differences in the incidence of stroke attributable to atrial fibrillation (AF) , with a relative increase ranging from 20% to 70% across the studies, even after correction for age, risk factors and comorbidities, and the use of oral anticoagulation (Table 1). Furthermore, the effect of AF per se on risk of stroke was 2 to 4.5-fold greater in women compared with men, after adjustment for other major risk factors [1,2], and AF-related strokes in women were twice as likely to result in disabling or fatal consequences [3].  Meta-analysis of 17 reports which included 5 randomized controlled trials and 12 prospective observational studies has shown a 1.3-fold greater risk of AF-related stroke in women, which has not been modified by anticoagulation therapy  [4]. This have led to the inclusion of female gender as a component of the risk stratification schemes, such as CHA2DS2VASc (“Sc” stands for the “sex category” and is assigned 1 point) which has been adopted by the majority of guidelines on stroke prevention in AF [5]. 
Gender-related differences in stroke rates
The exact mechanism by which gender may affect predisposition to stroke has not been clearly understood, albeit several possible hypotheses such as genetics including factors that regulate the response to anticoagulation therapy, vascular physiology and endothelial function, hormonal influences, modulating the expression of tissue factors and biomarkers involved in the prothrombotic processes, factors promoting hypercoagulability, and possibly less optimal treatment of underlying cardiovascular disease, have been suggested. Hormone replacement therapy may increase risk of stroke seen in women with AF. Gender-specific interactions between AF and other risk factors, such as hypertension and renal dysfunction, are possible, but no direct evidence supporting this hypothesis exists.  
However, the higher rates of thromboembolic events in women have been chiefly reported in earlier cohorts such as the Atrial Fibrillation Investigators analysis of 5 studies, Framingham Heart Study and ATRIA (AnTicoagulation and Risk factors In Atrial fibrillation), which were conducted in the era of a relatively low awareness of AF and consequently, less aggressive management of the arrhythmia and associated risk factors, including oral anticoagulation, which was probably likely in women [6-8]. The recognition of AF as a clinically relevant entity and improvements in treatment of underlying heart disease may have contributed to the elimination of gender differences in outcome, specifically, stroke. The historic surveys generally included smaller overall numbers of patients and women in particular (less than one third in some surveys) and were possibly “biased” to selecting either more symptomatic or “sicker” women who were likely to have a high baseline risk. The contemporary analyses, particularly those based on the nationwide data registers involving hundreds of thousands of patients, are largely devoid of these limitations and are better positioned to overcome the random effect of gender on stroke rates, but even these have reported different results with respect to the gender effect on stroke risk [9-12] (Table 1). Some reports highlighted a yet unexplained paradox of lower all-cause and cardiovascular death rates in women, despite a higher likelihood of stroke [2]. 
Differential effect of age on risk of stroke in women
While younger women (under 65 years of age) had in fact lower risk of stroke compared with male counterparts, the sharp increase in the rates of stroke in women at older age (an arbitrary threshold is 75 years), being at 10-20% higher than in men of similar age, which were not affected by the use of warfarin, suggesting that contribution/role of female gender as a risk factor for stroke is closely linked to age and possibly other major risk factors, but in younger women it does not have a sufficient power to trigger anticoagulation [11,12]. There has been no evidence that women may be less compliant with treatment since the rates of filling the prescription for anticoagulants appear to be similar between genders. Meta-analysis has also found that risk of stroke was the highest in women aged ≥75 years [4].
The reasons for the differential effect of gender on stroke rates in older patients are multifactorial, and one of the recent development was the finding of increased amyloid production which is linked to oestradiol metabolism and the greater prevalence of amyloid atrial cardiomyopathy in women, particularly of older age, reflecting the gender-related arrhythmodenic substrate which may also promote the thrombogenic milieu. Isolated atrial amyloidosis is a common finding in older individuals, found in more than 90% of left atrial tissue samples in octogenarians, whereas amyloid deposits are  facilitated by AF duration and female gender [15]. The pathophysiological mechanism involved increased expression of atrial natriuretic peptide (ANP) by stimulation of oestrogen receptors in the presence of 17β-estradiol, with persistently elevated ANP levels promoting amyloid formation and deposition, particularly if further ANP secretion is induced by atrial dilation and stretch associated with AF [16]. 

Québec cohort

In this issue of the Journal, Renoux et al. [17], using the health care database involving the residents in Québec Province of Canada, identified 147,622 individuals with non-valvular AF between 2000 and 2009 in order to investigate the gender-related difference in the rates of stroke as well as mortality. The database was the linkage of three components: the demographic database, the medical services database, and the prescription database and covers the entire population of Québec, thus offering the potential advantage of minimising the selection basis. Unlike recent similar nationwide reports, the study population included both in- and outpatients. This analysis follows the earlier report on the incidence of AF and associated mortality which demonstrated a higher age-related case-fatality in men with AF [18].

In the time-fixed model with adjustment for confounders, female gender appears to be associated with a 16% higher risk of stroke which is somewhat expected and is in line with many previous reports. 
The strength of this study, however, is that in addition to  the standard time-fixed analysis, time-dependent adjustment for confounders has also been performed in which female gender is no longer poses any additional risk of stroke compared with male counterparts (relative risk, 1.01; 95% confidence interval, 0.97 – 1.05). The time-dependent adjustment for covariates offers the opportunity to unravel the specific effect of a variable on the endpoint of interest. The study took the previous observations of the association between gender and stroke to the different levels by assessing the continuous effect of gender in the changing settings.  Albeit mean follow-up may seem relatively short, the large sample size is a significant asset towards the credibility of these findings. 
Implications for practice
The results of recent large surveys which did not support female gender as an independent risk factor for stroke have paved the way to a more “relaxed” approach to treating the female gender per se as an independent component of stroke risk stratification leading to the increase in the threshold for the absolute indication for oral anticoagulation (class I recommendation) in women in the 2016 edition of the ESC Guidelines [19]. In addition, given controversial reports and uncertainty about risk of stroke in patients with a low CHA2DS2VASc score, the ESC Task Force commissioned analysis of stroke risk in men and women with additional risk factors. This analysis was based on the linked electronic health record database of 70 206 individuals with AF and found significant positive net clinical benefit of VKA from CHA2DS2VASc ≥ 2 in men and from CHA2DS2VASc ≥ 3 in women [20]. In contrast to the previous set of the guidelines, oral anticoagulation must be implemented in women with two additional major risk factors for stroke, whereas the strength of the recommendation has been downgraded to IIA meaning that albeit oral anticoagulation is still advocated in women with an additional risk factor from the CHA2DS2VSc scale bar gender itself, the decision should be based on individual characteristics and patient preferences. 
However, there are several consideration to make. First, about half the patients in the Quebec database were anticoagulated (with a vitamin K antagonist [VKA]), with the majority (80%) starting the treatment within three months following AF diagnosis. The endpoints of stroke clustered in the relatively short space of time – during the first months, possibly prior to anticoagulation. Hence, the mild association between gender and stroke (a 16% increase in women) found in time-fixed analysis may be real, whereas anticoagulation may have negated the gender effect.  
Secondly, the endpoint if ischemic stroke has included transient ischemic attack which is notoriously difficult to diagnose, and given the inherent limitations of administrative databases where information is derived form the International Classification of Diseases (ICD) codes, some events may have been misclassified, albeit the effect of such misclassification was likely to be small, given the large number of events (over 11,000 of endpoints were reported). 
Due a generally better safety profile of non-vitamin K oral anticoagulants, the threshold for the initiation of anticoagulation in order to achieve the positive net effect is lower for this type of drugs compared to VKAs (<1% vs <2%). The net clinical benefit analysis that has influenced the strength of the recommendation in low-risk patients has demonstrated a positive but non-significant treatment benefit of VKA in individuals with a CHA2DS2VASc score of 1 did not include patients treated with NOACs which could have led to different results. 
Conclusion
The Québec study provides a valuable addition to understanding the gender-related outcomes associated with AF. It is generally accepted that, in the modern era, the gender factor per se should not affect major outcomes of cardiovascular morbidities including stroke, but gender-specific  interactions related to age and responses to therapies have not been well understood. The more pronounced effect of AF on mortality, the effectiveness of NOACs, the differences in AF management in women of different age and with different comorbidities remain the subject of further research.
References

1. Friberg J, Scharling H, Gadsbøll N, Truelsen T, Jensen GB. Comparison of the impact of atrial fibrillation on the risk of stroke and cardiovascular death in women versus men (The Copenhagen City Heart Study). Am J Cardiol 2004;94:889-94.

2. Emdin CA, Wong CX, Hsiao AJ, Altman DG, Peters SA, Woodward M, Odutayo AA. Atrial fibrillation as risk factor for cardiovascular disease and death in women compared with men: systematic review and meta-analysis of cohort studies. BMJ 2016 Jan 19;532:h7013. doi: 10.1136/bmj.h7013.

3. Martin RC, Burgin WS, Schabath MB, Kirby B, Chae SH, Fradley MG, Rose DZ, Labovitz AJ. Gender-specific differences for risk of disability and death in atrial fibrillation-related stroke. Am J Cardiol 2017;119:256-61. 

4. Wagstaff AJ, Overvad TF, Lip GY, Lane DA. Is female sex a risk factor for stroke and thromboembolism in patients with atrial fibrillation? A systematic review and meta-analysis. QJM 2014;107:955-67. 
5. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et al. Guidelines for the management of atrial fibrillation: the Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC). Eur Heart J 2010;31:2369-429.

6. Wang TJ, Massaro JM, Levy D, Vasan RS, Wolf PA, D'Agostino RB, Larson MG, Kannel WB, Benjamin EJ. A risk score for predicting stroke or death in individuals with new-onset atrial fibrillation in the community: the Framingham Heart Study. JAMA 2003;290:1049-56.
7. Fang MC, Singer DE, Chang Y, Hylek EM, Henault LE, Jensvold NG, Go AS. Gender differences in the risk of ischemic stroke and peripheral embolism in atrial fibrillation: the AnTicoagulation and Risk factors In Atrial fibrillation (ATRIA) study. Circulation 2005;112:1687-91.
8. Dagres N, Nieuwlaat R, Vardas PE, Andresen D, Lévy S, Cobbe S, Kremastinos DT, Breithardt G, Cokkinos DV, Crijns HJ. Gender-related differences in presentation, treatment, and outcome of patients with atrial fibrillation in Europe: a report from the Euro Heart Survey on Atrial Fibrillation. J Am Coll Cardiol 2007;49:572-7.

9. Van Staa TP, Setakis E, Di Tanna GL, Lane DA, Lip GY. A comparison of risk stratification schemes for stroke in 79,884 atrial fibrillation patients in general practice. J Thromb Haemost 2011;9:39-48. 
10. Friberg L, Benson L, Rosenqvist M, Lip GY. Assessment of female sex as a risk factor in atrial fibrillation in Sweden: nationwide retrospective cohort study. BMJ 2012;344:e3522. doi: 10.1136/bmj.e3522.

11. Avgil Tsadok M, Jackevicius CA, Rahme E, Humphries KH, Behlouli H, Pilote L. Sex differences in stroke risk among older patients with recently diagnosed atrial fibrillation. JAMA 2012;307:1952-8. 
12. Mikkelsen AP, Lindhardsen J, Lip GY, Gislason GH, Torp-Pedersen C, Olesen JB. Female sex as a risk factor for stroke in atrial fibrillation: a nationwide cohort study. J Thromb Haemost 2012;10:1745-5.

13. Friberg L, Rosenqvist M, Lip GY. Evaluation of risk stratification schemes for ischaemic stroke and bleeding in 182 678 patients with atrial fibrillation: the Swedish Atrial Fibrillation cohort study. Eur Heart J 2012;33:1500-10.

14. Piccini JP, Simon DN, Steinberg BA, Thomas L, Allen LA, Fonarow GC, et al. Differences in clinical and functional outcomes of atrial Fibrillation in women and men: two-year results from the ORBIT-AF registry. JAMA Cardiol 2016;1:282-91.

15. Leone O, Boriani G, Chiappini B, Pacini D, Cenacchi G, Martin Suarez S, et al. Amyloid deposition as a cause of atrial remodelling in persistent valvular atrial fibrillation. Eur Heart J 2004;25:1237-41.

16. Goette A, Röcken C. Atrial amyloidosis and atrial fibrillation: a gender-dependent "arrhythmogenic substrate"? Eur Heart J 2004;25:1185-6.

17. Renoux C, Coulombe J, Suissa S. Revisiting sex differences in outcomes in non-valvular atrial fibrillation : a population-based cohort study. Eur Heart J 2017 Jan 10. pii: ehw613 [to be published in this issue of the journal].

18. Renoux C, Patenaude V, Suissa S. Incidence, mortality, and sex differences of non-valvular atrial fibrillation: a population-based study. J Am Heart Assoc 2014;3:e00140.

19. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J 2016;37:2893-962.

20. Allan V, Banerjee A, Shah AD, Patel R, Denaxas S, Casas JP, Hemingway H. Net clinical benefit of warfarin in individuals with atrial fibrillation across stroke risk and across primary and secondary care. Heart 2017;103:210-218.

