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Abstract
Objectives: Our objective was to analyse effectiveness and safety of oral anticoagulants (OAC) for stroke prevention in non-valvular atrial fibrillation.
Material and methods: Population-based cohort study including adults initiating oral anticoagulants, either direct oral anticoagulants (DOAC) or vitamin K antagonists (VKA), during 2011–2020.
Data source: SIDIAP, capturing information from the electronic health records of Primary Health Care in Catalonia, Spain.
Study outcomes: stroke, cerebral and gastrointestinal (GI) haemorrhage, assessed by patients’ subgroups according to different clinical characteristics.
Results: We included 90,773 patients. Male sex, older than 75, previous event, peripheral artery disease, deep vein thrombosis, or receiving antiplatelets, antidiabetics or proton pump inhibitors (PPI) was associated with higher stroke risk. For DOAC-treated, treatment switch increased stroke risk, while being adherent had a protective effect. Men, antidiabetic treatment or a previous event increased the risk of cerebral bleeding. Receiving direct oral anticoagulants had a protective effect in comparison to vitamin K antagonists. For DOAC-treated, treatment switch increased, and adherence decreased the bleeding risk. Men, people with chronic kidney disease or a previous event posed an increased risk of gastrointestinal bleeding, whereas receiving PPI had a protective effect. For DOAC-treated, switch was associated with a higher bleeding risk.
Conclusion: Being men, a previous event and DOAC-switch posed a higher risk for all study outcomes. direct oral anticoagulants had a protective effect against cerebral bleeding in comparison to vitamin K antagonists. Adherence to direct oral anticoagulants resulted in lower risk of stroke and cerebral bleeding. We found no differences in the risk of stroke and gastrointestinal bleeding when we compared direct oral anticoagulants vs. vitamin K antagonists.
Keywords: oral anticoagulants, atrial fibrillation, adherence, effectiveness, safety, electronic health records, primary healthcare, stroke
INTRODUCTION
Atrial fibrillation (AF) is the most common form of chronic arrhythmia. It is associated with several cardiovascular conditions, and it increases the risk of stroke. Although men are more commonly affected by AF, women have a higher risk of experiencing stroke (Lip et al., 2012; Hindricks et al., 2021). Oral anticoagulants (OAC), either vitamin K antagonists (VKA) or direct oral anticoagulants (DOAC) are usually prescribed to prevent stroke in patients with non-valvular atrial fibrillation (NVAF).
In their pivotal randomized clinical trials, all DOAC demonstrated to be at least non-inferior to warfarin in stroke prevention (Connolly et al., 2009; Granger et al., 2011; Patel et al., 2011; Giugliano et al., 2013). In recent years, multiple observational studies have analysed effectiveness and safety of DOAC in comparison to warfarin and coumarins (Anguita Sánchez et al., 2020; Durand et al., 2020; Lee et al., 2020; Crocetti et al., 2021; Lip et al., 2021; Grymonprez et al., 2023), between different DOAC (Rutherford et al., 2020; Jaksa et al., 2022; Talmor-Barkan et al., 2022), or in certain population subgroups of interest (Bang et al., 2020; Costa et al., 2020; Rodríguez-Bernal et al., 2021). Some studies have also assessed these outcomes based on the dose of DOAC or the adherence to treatment (Deshpande et al., 2018; Staerk et al., 2018; Kohsaka et al., 2020), considering that adequate levels of adherence have shown to decrease the occurrence of thromboembolic events (Amin and Marrs, 2015; Yao et al., 2016a).
We have recently analysed the baseline clinical characteristics and the sex and gender differences of patients initiating OAC for stroke prevention in NVAF from 2011–2020 in a Primary Health Care (PHC) cohort in Catalonia, Spain (Giner-Soriano et al., 2023). In the present manuscript, we have analysed the effectiveness and safety of OAC in the above-mentioned cohort, only including patients who collected their medication in the pharmacy, and assessed by different subgroups based on sex, age, renal impairment or with other frequent comorbidities and comedications; and by dose adequacy, treatment adherence or drug switch in the case of those people treated with DOAC.
MATERIAL AND METHODS
Study design
Population-based cohort study including adults with NVAF who initiated OAC treatment. Cohort entry criteria are explained in Figure 1.
[image: Figure 1]FIGURE 1 | Exposure-based cohort entry Figure 1 depicts the time of variables’ assessment at cohort entry. *Earliest of: outcome of interest (stroke, cerebral or gastrointestinal bleeding), death, disenrollment, end of study period. OAC: oral anticoagulants. AF: atrial fibrillation. PE: pulmonary embolism. DVT: deep vein thrombosis. Adapted from Schneeweiss et al., 2019; Schneeweiss et al., 2019).
Population included
We included all ≥18 years-old individuals with an active diagnosis of NVAF registered in the PHC electronic records who initiated treatment with OAC from January 2011 to December 2020.
Population excluded
We excluded from the analysis those individuals who had been diagnosed with AF before 1980, people with valvular AF, those who had experienced pulmonary embolism (PE) or deep vein thrombosis (DVT) during the previous 12 months to the OAC prescription, those receiving OAC for surgical prophylaxis of hip or knee replacement during the previous 6 months, and those with an OAC prescribed during the study period but with no subsequent dispensing during the next 120 days.
Data source
The data source is the Information System for the Development of Research in Primary Care (SIDIAP) (Recalde et al., 2022; SIDIAP, 2022), which captures clinical information of approximately 5.8 million people from Catalonia, Spain (around 80% of the Catalan population). This information is pseudonymized, originated from different data sources:
1) ECAP (Electronic Health Records in PHC in Catalonia); including socio-demographic characteristics, residents in nursing homes/long-term care facilities, comorbidities registered as International Classification of Diseases (ICD)-10 codes (WHO, 2019), specialist referrals, clinical parameters, toxic habits, sickness leave, date of death, laboratory test data, and drug prescriptions issued in PHC, registered as Anatomical, Therapeutic, Chemical classification system (ATC) codes (WHO Collaborating Centre for Drug Statistics Methodology, 2022).
2) Pharmacy invoice data corresponding to the PHC drug prescriptions, also by ATC.
3) Database of diagnoses at hospital discharge (CMBD-HA) (Català de la Salut, 2022).
ICD-10 codes for diagnoses and ATC codes for drugs studied are included in the Supplementary file, Supplementary Tables S1 and S2, respectively.
Drug exposure
We included all NVAF patients who initiated an OAC treatment during the study period (2011–2020) and excluded the non-initiators, who did not have any dispensing during the subsequent 120 days. The duration of pharmacy invoice records was estimated based on the number of packages dispensed, assuming each package provided coverage for 30 days, as only the month of dispensing was available.
For DOAC-treated, we assessed: dose of DOAC; defining the dose adequacy according to the Summary of Product Characteristics, SPC (Supplementary Table S3), discontinuation; defined as no dispensing during more than 2 months after initiation, persistence; defined as no discontinuation of OAC treatment, adherence to treatment; measured by Medication Possession Ratio (MPR) (Hess et al., 2006) and considering adherents those with MPR ≥80%, and treatment switch; when the first OAC was discontinued and a different one was initiated during the study period.
Study outcomes
We estimated incidence rates (IR) of ischaemic stroke, cerebral haemorrhage, and gastrointestinal (GI) haemorrhage for all OAC initiators throughout the follow-up period. Patients were censored at the time when any of the following events occurred: outcome of interest (stroke, cerebral or GI bleeding), death, disenrollment from the database, or end of study period (Figure 1).
Statistical analysis
In order to model the longitudinal drug exposure, we used a computational technique, the smooth algorithm. This algorithm utilizes non-parametric statistical techniques to identify the most probable treatment based on all drug dispensations documented for each patient throughout the study period (Ouchi et al., 2022).
For the effectiveness and safety analyses, we calculated IR of all outcomes of interest as the cumulative number of events per 1,000 person-year for OAC initiators. We estimated incidence rate ratios (IRR) and 95% confidence intervals (CI), crude and adjusted, by fitting a negative binomial regression for stroke, cerebral and GI bleeding. The log (time) was used as an offset in the models, and the sandwich method was employed to estimate robust standard errors. The covariables were age (≥75 years), sex, CHA2DS2VASc, previous event for each outcome of interest, comorbidities–including chronic kidney disease (CKD) defined by diagnosis and/or glomerular filtration rate –, and comedications.
We conducted subgroup analyses for those patients exposed to DOAC by dose adequacy according to the criteria in the SPC, adherence (MPR ≥80%), and treatment switch during follow-up.
All statistical analyses were conducted with R software (version 4.1 or superior) with a significance level of 5%.
RESULTS
During the period spanning 2011 to 2020, 123,250 people with NVAF were prescribed a new OAC. Their baseline socio-demographic and clinical characteristics and the persistence and adherence to treatment have been described elsewhere (Giner-Soriano et al., 2023). Of these people, 90,773 (73.6%) received a dispensing for the OAC prescription and were included in the analyses of effectiveness and safety (Figure 2). The median follow-up time was 36.7 months (interquartile range, IQR, 17.9–61.2) and the median time to first treatment switch for all OAC was 18.7 months (IQR, 5.8–43.0).
[image: Figure 2]FIGURE 2 | Flow diagram of population included Flowchart of patients’ inclusion in the study. SIDIAP: Information System for the Development of Research in Primary Care. AF: atrial fibrillation. NVAF: non-valvular atrial fibrillation. OAC: oral anticoagulants. PE: pulmonary embolism. DVT: deep vein thrombosis.
Effectiveness analysis
Table 1 shows the number of stroke events, IR and IRR, crude and adjusted for covariates. The overall IR of stroke was 35.9 events per 1,000 person-year (95% CI 35.1–36.7). With regards to the binomial regression of all patients treated with OAC, the factors associated with an increased risk of stroke were age older than 75 (IRR 1.33, 95% CI 1.23–1.44), male sex (IRR 1.12, 95% CI 1.05–1.20), having experienced a previous stroke–which posed the greatest risk of stroke (IRR 8.27, 95% CI 7.75–8.83) –, being diagnosed with peripheral artery disease, PAD, (IRR 1.35, 95% CI 1.22–1.49) or DVT (IRR 1.83, 95% CI 1.01–3.33), and receiving concomitant treatment with antiplatelets (IRR 1.13, 95% CI 1.05–1.22), antidiabetic drugs (IRR 1.32, 95% CI 1.23–1.42) or proton pump inhibitors, PPI, (IRR 1.13, 95% CI 1.06–1.21). There was no difference in stroke risk when comparing DOAC vs. VKA and for patients with or without CKD.
TABLE 1 | Stroke incidence in initiators of oral anticoagulants during the study period.
[image: Table 1]For DOAC- treated patients, we found that being adherent to the treatment had a protective effect against stroke (IRR 0.74, 95% CI 0.65–0.83), whereas those who switched the DOAC during the follow-up were at increased risk (IRR 2.08, 95% CI 1.84–2.38). Receiving the correct dose of DOAC was not associated with different IR for stroke when compared under- or overdosing (Table 1; Figure 3).
[image: Figure 3]FIGURE 3 | Forest plot of the incidence rate ratios of stroke, cerebral and gastrointestinal haemorrhages in patients treated with oral anticoagulants Figure 3 depicts the adjusted Incidence Rate Ratios of stroke, cerebral and gastrointestinal haemorrhages in the group of patients treated with DOAC in comparison with VKA, and in those receiving DOAC according to dose adequacy, adherence, and treatment switch. DOAC: direct oral anticoagulants. VKA: vitamin K antagonists. MPR: medication possession ratio.
Safety analysis
Cerebral haemorrhage
The overall IR of cerebral haemorrhage was 3.2 events per 1,000 person-year. In reference to the results of the regression analysis (Table 2), the risk of cerebral haemorrhage increased significantly with male sex (IRR 1.49, 95% CI 1.23–1.82), previous occurrence of the event (IRR 9.26, 95% CI 6.60–12.98) and treatment with antidiabetic drugs (IRR 1.23, 95% CI 1.01–1.50), while receiving DOAC had a protective effect compared to VKA (IRR 0.71, 95% CI 0.59–0.86).
TABLE 2 | Cerebral haemorrhage incidence in initiators of oral anticoagulants during the study period.
[image: Table 2]Among patients treated with DOAC, adherence to treatment was protective against the event (IRR 0.43, 95% CI 0.29–0.65), while switching drug during follow-up resulted in an increased risk of cerebral bleeding (IRR 2.40, 95% CI 1.59–3.61), and receiving an adequate dose had no significant effect compared to under- or overdosing (Table 2; Figure 3).
Gastrointestinal bleeding
The overall IR of GI haemorrhage was 1.2 events per 1,000 person-year. As shown in Table 3, male sex (IRR 2.14, 95% CI 1.56–2.94), presence of CKD (IRR 1.75, 95% CI 1.17–2.62) and history of previous event (IRR 5.93, 95% CI 2.78–12.66) were associated with a higher risk of haemorrhage, while treatment with PPI (IRR 0.59, 95% CI 0.44–0.78) and a history of DVT (IRR 0, 95% CI 0–0) had a protective effect.
TABLE 3 | Gastrointestinal haemorrhage incidence in initiators of oral anticoagulants during the study period.
[image: Table 3]For patients treated with DOAC, switching drug during follow-up was associated with an increased risk of GI bleeding (IRR 2.43, 95% CI 1.28–4.63), while correct dose compared to under- or overdosing or MPR ≥80% vs. non-adherent did not result in significantly different bleeding risk (Table 3; Figure 3).
DISCUSSION
In this cohort study including 90,773 people with NVAF who initiated OAC between 2011 and 2020 and with up to 10 years of follow-up, we have studied effectiveness and safety of OAC treatment, according to age categories, sex, and the presence of prevalent comorbidities and comedications. We have also investigated these outcomes for people receiving DOAC in terms of dose, adherence and treatment switch, which had not been analysed so far in our setting, although DOAC initiation already accounts for more than 50% of new treatments (Giner-Soriano et al., 2023). To obtain more accurate information on drug intake, we have conducted the analyses in the cohort of patients with OAC dispensed rather than relying solely on prescription data (Grégoire and Moisan, 2016).
The IR of stroke in our cohort was 35.9 events per 1,000 person-years, with a narrow 95% CI of 35.1–36.7. This estimate is in line with recent studies reporting IR ranging from 15.0–36.6 events per 1,000 person-years for NVAF patients treated with OAC, depending on the population characteristics and the OAC type and dose (Lee et al., 2020; Crocetti et al., 2021; Lip et al., 2021; Grymonprez et al., 2023). It should be noted that the IR of stroke may vary depending on the geographical area and the healthcare system in which the study is conducted. In addition, differences in IR across studies may reflect variations in patient characteristics, comorbidities, and healthcare practices, as well as differences in the accuracy and definition of stroke events. Therefore, caution should be exercised when comparing IR between studies in different populations or settings.
Even so, our study provides valuable information on stroke IR in NVAF patients treated with OAC in Catalonia and highlights the importance of optimising OAC therapy to prevent these serious complications. Our results on effectiveness showed no differences in stroke risk when all DOAC-treated were compared with VKA-treated, as also found by Anguita-Sánchez et al. (Anguita Sánchez et al., 2020) and Sjögren et al. (Sjögren et al., 2017) but different to other authors who found DOAC to be protective against stroke compared to VKA (Durand et al., 2020; Lee et al., 2020). Several authors have found protection against stroke with DOAC vs. VKA when analysed by active substance (Deitelzweig et al., 2017; Halvorsen et al., 2017; Hernandez et al., 2017; Bang et al., 2020; Kohsaka et al., 2020; Crocetti et al., 2021; Lip et al., 2021; Grymonprez et al., 2023).
As mentioned above, these results must be interpreted with caution, as they might be influenced by several factors not related with drugs, such as the healthcare system, and other variables must be considered, such as adherence, doses or INR values. We found that older than 75, male, or those who had experienced a prior stroke had a higher risk of stroke. Regarding these patients with a prior history of stroke, it is necessary to highlight the critical role of this factor in predicting future stroke risk. Other authors have described stroke rates based on similar categories and found heterogeneous results (Bengtson et al., 2017; Rodríguez-Bernal et al., 2021; Jaksa et al., 2022). For DOAC-treated, adherence showed a protective effect against stroke, in line with similar studies with DOAC (Yao et al., 2016a; Deshpande et al., 2018).
Regarding cerebral bleeding, DOAC were protective compared to VKA, in line with most studies showing DOAC as the safest option with respect to cerebral haemorrhage risk (Halvorsen et al., 2017; Forslund et al., 2018; Bang et al., 2020; Durand et al., 2020; Lee et al., 2020; Rodríguez-Bernal et al., 2021; Grymonprez et al., 2023). We found an increased risk of cerebral haemorrhage for males, people with a previous event or people receiving antidiabetic drugs, being these results also heterogeneous with respect to the studies mentioned above (Bengtson et al., 2017; Rodríguez-Bernal et al., 2021; Jaksa et al., 2022). As in the case of stroke, those who had previously experienced a cerebral haemorrhage had a significantly higher risk of experiencing a new event compared to those without this antecedent. Again, optimal adherence to DOAC showed a protective effect against this outcome. Other studies analysing the impact of adherence on DOAC safety did not demonstrate a protective effect against major bleeding (Deshpande et al., 2018) or intracranial haemorrhage (Yao et al., 2016a).
With regards to GI bleeding, we found no significant differences between DOAC and VKA, in line with other studies (Bengtson et al., 2017; Durand et al., 2020; Rodríguez-Bernal et al., 2021), although multiple studies showed a favourable profile for DOAC in general, especially for apixaban, compared to other OAC (Abraham et al., 2017; Deitelzweig et al., 2017; Hernandez et al., 2017; Staerk et al., 2018; Vinogradova et al., 2018; Bang et al., 2020; Rutherford et al., 2020; van Ganse et al., 2020; Grymonprez et al., 2023). In our study, males and CKD patients or with a previous haemorrhage were at increased risk of this event, as in other studies (Keskar et al., 2017; Kumar et al., 2018), and receiving PPI had a protective effect against this outcome, as has been widely demonstrated (Ahn et al., 2022). DOAC adherence had no protective effect against GI bleeding compared to non-adherence. Yao et al. analysed effectiveness and safety according to treatment persistence and found that, for those with CHA2DS2-VASc ≥2, being persistent for at least 6 months had a protective effect in front of GI bleeding. They also analysed adherence, but not its effects on the outcomes (Yao et al., 2016a).
For DOAC-treated, switching increased the risk of all three outcomes of study. Unfortunately, we were not able to ascertain the reasons for the switch, which might be contributing to these higher risks of events. It is usual in similar studies to exclude or to censor patients who switch treatment during follow-up (Crocetti et al., 2021; Grymonprez et al., 2023).
We could not find a protective effect against any of the events when an adequate dose of DOAC was prescribed in comparison to an inadequate one. As we had previously described non-despicable numbers of under- and overdosed patients according to the SPC (Giner-Soriano et al., 2023), we aimed to analyse if those people treated with inadequate doses might have associated worst clinical outcomes. Thus, we had previously hypothesized that those individuals receiving a lower dose than recommended could have shown an increased risk of stroke, but we did not find significant differences when they were compared to those receiving an adequate dose of DOAC. For haemorrhages, we could have expected higher risk for overdosed patients and lower risk for underdosed, but once more, the differences were not statistically significant. Nevertheless, we only analysed the first dose prescribed but not further changes in posology. Other authors have analysed the effects of the initial dose on the effectiveness and safety, splitting by standard and reduced dose for each DOAC, but none of them have evaluated these effects by the dose adequacy (Li et al., 2017; Nielsen et al., 2017; Staerk et al., 2018; Vinogradova et al., 2018; Kohsaka et al., 2020).
STRENGTHS AND LIMITATIONS
Strengths of our study include the long follow-up and the number of patients included from a database which has already demonstrated to be representative of the Catalan population (Recalde et al., 2022). We have analysed all four approved DOAC, in new and old users of OAC, have analysed the impact of treatment adherence or switch on the outcomes, and studied all the doses authorised in NVAF and their adequacy according to the SPC, which had not been evaluated in other studies (Li et al., 2017; Nielsen et al., 2017; Staerk et al., 2018; Vinogradova et al., 2018; Kohsaka et al., 2020).
The study also places some limitations due to the observational nature of the data, such as the potential unexamined confounding variables, missing values, or coding errors, which might have introduced bias into the study, but which are present in all database observational studies. The most important limitation is the under-registration of GI haemorrhages in CMBD database, as it captures diagnoses at hospital discharge, but in our setting most GI haemorrhages are attended and treated in short-stay hospital wards of the Emergency Departments which do not routinely register those diagnoses in the CMBD database, as they use their own database, to which we did not have access to. In fact, IR of cerebral haemorrhage have been widely documented to be lower than IR of GI haemorrhage, and this was not the case in our study (see Tables 2; 3) (Yao et al., 2016b; Halvorsen et al., 2017; Durand et al., 2020; Rodríguez-Bernal et al., 2021; Grymonprez et al., 2023). Another limitation is that we have not analysed the mortality due to the inability of capturing the cause of death in our database.
Our results should be considered hypothesis-generating due to their observational design but they give us insight into how OAC are used in clinical practice and may help to design interventions to improve dose adequacy or adherence to treatment.
Further analyses may include the study of VKA discontinuations and adherence and the impact of time in therapeutic range on the clinical outcomes or include proxies of the cause of death to study the mortality rates in the OAC-treated population.
CONCLUSION
Our study in a cohort of patients with NVAF treated with OAC revealed that those with a history of previous events (stroke, cerebral and GI haemorrhage) and male patients had a higher risk for all study outcomes. For DOAC-treated, switching DOAC during follow-up was associated with an increased risk of all outcomes.
We observed a protective effect of DOAC against cerebral haemorrhage when compared to VKA. Adherence to DOAC treatment resulted in lower risks of both stroke and cerebral haemorrhage.
When compared DOAC and VKA, we did not find any substantial differences in the risk of stroke and GI bleeding.
These findings highlight the importance of considering patients’ baseline characteristics and comorbidities when prescribing OAC. Clinicians should exercise caution when prescribing OAC to patients with a history of stroke, cerebral or GI haemorrhage, older patients, men, and those with PAD or DVT, as they are at an increased risk of adverse events. Adherence to DOAC treatment and avoiding switching DOAC during follow-up could help to reduce the risk of stroke and cerebral haemorrhage.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by the Research Ethics Committee of IDIAPJGol (October 2019). The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the need for consent was waived by the Research Ethics Committee of IDIAPJGol as it is deemed unnecessary according to European legislation (Regulation [EU] 2016/679).
AUTHOR CONTRIBUTIONS
Conceptualization and research design MG-S, RV, AM, AV, and RM. Data acquisition and operativization MG-S and RV. Data curation, statistical analyses and visualization DO and CV-C. Interpretation of results all authors Writing–original draft MG-S Writing–review and editing all authors. All authors contributed to the article and approved the submitted version.
FUNDING
Data were obtained by request of the Pharmacotherapeutic Harmonization Program of the Catalan Health Service.
ACKNOWLEDGMENTS
We would like to thank Montserrat Gasol, Thais de Pando, Caridad Pontes from the Pharmacotherapeutic Harmonization Program of the Catalan Healthcare Service, CatSalut, for their support in conducting the study; and SIDIAP staff for their support during the data acquisition process.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1237454/full#supplementary-material
ABBREVIATIONS
AF, atrial fibrillation; ATC, Anatomical, Therapeutic, Chemical classification system; CI, confidence interval; CKD, chronic kidney disease; CMBD, minimum dataset of diagnoses at hospital discharge; DOAC, direct oral anticoagulants; DVT, deep vein thrombosis; ECAP, electronic health records in Primary Care in Catalonia; GI, gastrointestinal; ICD-10, International Classification of Diseases 10th version; IR, incidence rate; IRR, incidence rate ratio; MPR, medication possession ratio; NVAF, non-valvular atrial fibrillation; PAD, peripheral artery disease; PE, pulmonary embolism; PHC, Primary Health Care; PPI, proton pump inhibitors; SIDIAP, Information System for the Development of Research in Primary Care; VKA, vitamin K antagonists.
REFERENCES
 Abraham, N. S., Noseworthy, P. A., Yao, X., Sangaralingham, L. R., and Shah, N. D. (2017). Gastrointestinal safety of direct oral anticoagulants: A large population-based study. Gastroenterology 152, 1014–1022. doi:10.1053/j.gastro.2016.12.018
 Ahn, H. J., Lee, S. R., Choi, E. K., Rhee, T. M., Kwon, S., Oh, S., et al. (2022). Protective effect of proton-pump inhibitor against gastrointestinal bleeding in patients receiving oral anticoagulants: A systematic review and meta-analysis. Br. J. Clin. Pharmacol. 88, 4676–4687. doi:10.1111/BCP.15478
 Amin, A., and Marrs, J. C. (2015). Direct oral anticoagulants for the management of thromboembolic disorders: The importance of adherence and persistence in achieving beneficial outcomes. Clin. Appl. Thrombosis/Hemostasis 27, 605–616. doi:10.1177/1076029615601492
 Anguita Sánchez, M., Bertomeu Martínez, V., Ruiz Ortiz, M., Cequier Fillat, Á., Roldán Rabadán, I., Muñiz García, J., et al. (2020). Direct oral anticoagulants versus vitamin K antagonists in real-world patients with nonvalvular atrial fibrillation. The FANTASIIA study. Rev. Esp. Cardiol. 73, 14–20. doi:10.1016/j.rec.2019.02.021
 Bang, O. Y., On, Y. K., Lee, M. Y., Jang, S. W., Han, S., Han, S., et al. (2020). The risk of stroke/systemic embolism and major bleeding in Asian patients with non-valvular atrial fibrillation treated with non-vitamin K oral anticoagulants compared to warfarin: Results from a real-world data analysis. PLoS One 15, e0242922. doi:10.1371/JOURNAL.PONE.0242922
 Bengtson, L. G. S., Lutsey, P. L., Chen, L. Y., MacLehose, R. F., and Alonso, A. (2017). Comparative effectiveness of dabigatran and rivaroxaban versus warfarin for the treatment of non-valvular atrial fibrillation. J. Cardiol. 69, 868–876. doi:10.1016/j.jjcc.2016.08.010
 Català de la Salut, C. S. (2022). Conjunt mínim bàsic de dades (CMBD). Available at: http://catsalut.gencat.cat/ca/proveidors-professionals/registres-catalegs/registres/cmbd/. 
 Connolly, S., Ezekowitz, M., Yusuf, S., Eikelboom, J., Oldgren, J., Parekh, A., et al. (2009). Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 361, 1139–1151. doi:10.1056/NEJMoa0905561
 Costa, O. S., Beyer-Westendorf, J., Ashton, V., Milentijevic, D., Moore, K. T., Bunz, T. J., et al. (2020). Effectiveness and safety of rivaroxaban versus warfarin in obese nonvalvular atrial fibrillation patients: Analysis of electronic health record data. Curr. Med. Res. Opin. 36, 1081–1088. doi:10.1080/03007995.2020.1762554
 Crocetti, E., Cattaneo, S., Bergamaschi, W., de Servi, S., and Russo, A. G. (2021). Effectiveness and safety of non-vitamin K oral anticoagulants in non-valvular atrial fibrillation patients: Results of A real-world study in a metropolitan area of northern Italy. J. Clin. Med. 10, 4536. doi:10.3390/JCM10194536
 Deitelzweig, S., Luo, X., Gupta, K., Trocio, J., Mardekian, J., Curtice, T., et al. (2017). Comparison of effectiveness and safety of treatment with apixaban vs. other oral anticoagulants among elderly nonvalvular atrial fibrillation patients. Curr. Med. Res. Opin. 33, 1745–1754. doi:10.1080/03007995.2017.1334638
 Deshpande, C. G., Kogut, S., Laforge, R., and Willey, C. (2018). Impact of medication adherence on risk of ischemic stroke, major bleeding and deep vein thrombosis in atrial fibrillation patients using novel oral anticoagulants. Curr. Med. Res. Opin. 34, 1285–1292. doi:10.1080/03007995.2018.1428543
 Durand, M., Schnitzer, M. E., Pang, M., Carney, G., Eltonsy, S., Filion, K. B., et al. (2020). Comparative effectiveness and safety of direct oral anticoagulants versus vitamin K antagonists in nonvalvular atrial fibrillation: A Canadian multicentre observational cohort study. CMAJ Open 8, E877–E886. doi:10.9778/cmajo.20200055
 Forslund, T., Wettermark, B., Andersen, M., and Hjemdahl, P. (2018). Stroke and bleeding with non-vitamin K antagonist oral anticoagulant or warfarin treatment in patients with non-valvular atrial fibrillation: A population-based cohort study. Europace 20, 420–428. doi:10.1093/europace/euw416
 Grymonprez, M., De Backer, T. L., Bertels, X., Steurbaut, S., and Lahousse, L. (2023). Long-term comparative effectiveness and safety of dabigatran, rivaroxaban, apixaban and edoxaban in patients with atrial fibrillation: A nationwide cohort study. Front. Pharmacol. 14, 1125576. doi:10.3389/FPHAR.2023.1125576
 Giner-Soriano, M., Prat-Vallverdú, O., Ouchi, D., Vilaplana-Carnerero, C., and Morros, R. (2023). Sex and gender differences in the use of oral anticoagulants for non-valvular atrial fibrillation: A population-based cohort study in primary health care in Catalonia. Front. Pharmacol. 14, 1110036. doi:10.3389/fphar.2023.1110036
 Giugliano, R. P., Ruff, C. T., Braunwald, E., Murphy, S. A., Wiviott, S. D., Halperin, J. L., et al. (2013). Edoxaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 269, 2093–2104. doi:10.1056/NEJMoa1310907
 Granger, C. B., Alexander, J., McMurray, J., Lopes, R., Hylek, E., Hanna, M., et al. (2011). Apixaban versus warfarin in patients with atrial fibrillation. N. Engl. J. Med. 365, 981–992. doi:10.1056/NEJMoa1107039
 Grégoire, J.-P., and Moisan, J. (2016). “Assessment of adherence to drug treatment in database research,” in Drug utilization research (Chichester, UK: John Wiley and Sons, Ltd), 369–380. doi:10.1002/9781118949740.ch36
 Halvorsen, S., Ghanima, W., Fride Tvete, I., Hoxmark, C., Falck, P., Solli, O., et al. (2017). A nationwide registry study to compare bleeding rates in patients with atrial fibrillation being prescribed oral anticoagulants. Eur. Heart J. Cardiovasc Pharmacother. 3, 28–36. doi:10.1093/ehjcvp/pvw031
 Hernandez, I., Zhang, Y., and Saba, S. (2017). Comparison of the effectiveness and safety of apixaban, dabigatran, rivaroxaban, and warfarin in newly diagnosed atrial fibrillation. Am. J. Cardiol. 120, 1813–1819. doi:10.1016/j.amjcard.2017.07.092
 Hess, L. M., Raebel, M. A., Conner, D. A., and Malone, D. C. (2006). Measurement of adherence in pharmacy administrative databases: A proposal for standard definitions and preferred measures. Ann. Pharmacother. 40, 1280–1288. doi:10.1345/aph.1H018
 Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomström-Lundqvist, C., et al. (2021). 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS)The Task Force for the diagnosis and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 42, 373–498. doi:10.1093/EURHEARTJ/EHAA612
 Jaksa, A., Gibbs, L., Kent, S., Rowark, S., Duffield, S., Sharma, M., et al. (2022). Using primary care data to assess comparative effectiveness and safety of apixaban and rivaroxaban in patients with nonvalvular atrial fibrillation in the UK: An observational cohort study. BMJ Open 12, e064662. doi:10.1136/BMJOPEN-2022-064662
 Keskar, V., McArthur, E., Wald, R., Harel, Z., Zimmerman, D., Molnar, A. O., et al. (2017). The association of anticoagulation, ischemic stroke, and hemorrhage in elderly adults with chronic kidney disease and atrial fibrillation. Kidney Int. 91, 928–936. doi:10.1016/j.kint.2016.10.017
 Kohsaka, S., Katada, J., Saito, K., Jenkins, A., Li, B., Mardekian, J., et al. (2020). Safety and effectiveness of non-vitamin K oral anticoagulants versus warfarin in real-world patients with non-valvular atrial fibrillation: A retrospective analysis of contemporary Japanese administrative claims data. Open Heart 7, e001232. doi:10.1136/OPENHRT-2019-001232
 Kumar, S., de Lusignan, S., McGovern, A., Correa, A., Hriskova, M., Gatenby, P., et al. (2018). Ischaemic stroke, haemorrhage, and mortality in older patients with chronic kidney disease newly started on anticoagulation for atrial fibrillation: A population based study from UK primary care. Bmj 360, k342. doi:10.1136/bmj.k342
 Lee, S. R., Choi, E. K., Kwon, S., Jung, J. H., Han, K. do, Cha, M. J., et al. (2020). Effectiveness and safety of direct oral anticoagulants in relation to temporal changes in their use. Circ. Cardiovasc Qual. Outcomes 13, e005894. doi:10.1161/CIRCOUTCOMES.119.005894
 Li, X., Deitelzweig, S., Keshishian, A., Hamilton, M., Horblyuk, R., Gupta, K., et al. (2017). Effectiveness and safety of apixaban versus warfarin in non-valvular atrial fibrillation patients in “real-world” clinical practice: A propensity-matched analysis of 76,940 patients. Thromb. Haemost. 117, 1072–1082. doi:10.1160/TH17-01-0068
 Lip, G. Y. H., Keshishian, A., Kang, A., Dhamane, A. D., Luo, X., Klem, C., et al. (2021). Effectiveness and safety of oral anticoagulants among non-valvular atrial fibrillation patients with polypharmacy. Eur. Heart J. Cardiovasc Pharmacother. 7, 405–414. doi:10.1093/EHJCVP/PVAA117
 Lip, G. Y. H., Tse, H. F., and Lane, D. A. (2012). Atrial fibrillation. Lancet 379, 648–661. doi:10.1016/S0140-6736(11)61514-6
 Nielsen, P. B., Skjøth, F., Søgaard, M., Kjældgaard, J. N., Lip, G. Y. H., and Larsen, T. B. (2017). Effectiveness and safety of reduced dose non-vitamin K antagonist oral anticoagulants and warfarin in patients with atrial fibrillation: Propensity weighted nationwide cohort study. BMJ 356, j510. doi:10.1136/bmj.j510
 Ouchi, D., Giner-Soriano, M., Gómez-Lumbreras, A., Vedia Urgell, C., Torres, F., and Morros, R. (2022). Automatic estimation of the most likely drug combination in electronic health records using the smooth algorithm: Development and validation study. JMIR Med. Inf. 10, e37976. doi:10.2196/37976
 Patel, M., Mahaffey, K., Garg, J., Pan, G., Singer, D., Hacke, W., et al. (2011). Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N. Engl. J. Med. 365, 883–891. doi:10.1056/NEJMoa1009638
 Recalde, M., Rodríguez, C., Burn, E., Far, M., García, D., Carrere-Molina, J., et al. (2022). Data resource profile: The information system for research in primary care (SIDIAP). Int. J. Epidemiol. 51, e324–e336. doi:10.1093/ije/dyac068
 Rodríguez-Bernal, C. L., Santa-Ana-Téllez, Y., García-Sempere, A., Hurtado, I., Peiró, S., and Sanfélix-Gimeno, G. (2021). Clinical outcomes of nonvitamin K oral anticoagulants and acenocoumarol for stroke prevention in contemporary practice: A population-based propensity-weighted cohort study. Br. J. Clin. Pharmacol. 87, 632–643. doi:10.1111/BCP.14430
 Rutherford, O. C. W., Jonasson, C., Ghanima, W., Söderdahl, F., and Halvorsen, S. (2020). Comparison of dabigatran, rivaroxaban, and apixaban for effectiveness and safety in atrial fibrillation: A nationwide cohort study. Eur. Heart J. Cardiovasc Pharmacother. 6, 75–85. doi:10.1093/EHJCVP/PVZ086
 Schneeweiss, S., Rassen, J. A., Brown, J. S., Rothman, K. J., Happe, L., Arlett, P., et al. (2019). Graphical depiction of longitudinal study designs in health care databases. Ann. Intern Med. 170, 398–406. doi:10.7326/M18-3079
 SIDIAP (2022). SIDIAP. Information system for research in Primary Care. SIDIAP . Available at: http://www.sidiap.org/index.php/en. 
 Sjögren, V., Byström, B., Renlund, H., Svensson, P. J., Oldgren, J., Norrving, B., et al. (2017). Non-vitamin K oral anticoagulants are non-inferior for stroke prevention but cause fewer major bleedings than well-managed warfarin: A retrospective register study. PLoS One 12, e0181000–e0181012. doi:10.1371/journal.pone.0181000
 Staerk, L., Gerds, T. A., Lip, G. Y. H., Ozenne, B., Bonde, A. N., Lamberts, M., et al. (2018). Standard and reduced doses of dabigatran, rivaroxaban and apixaban for stroke prevention in atrial fibrillation: A nationwide cohort study. J. Intern Med. 283, 45–55. doi:10.1111/joim.12683
 Talmor-Barkan, Y., Yacovzada, N.-S., Rossman, H., Witberg, G., Kalka, I., Kornowski, R., et al. (2022). Head-to-head efficacy and safety of rivaroxaban, apixaban, and dabigatran in an observational nationwide targeted trial. Eur. Heart J. Cardiovasc Pharmacother. 9, 26–37. doi:10.1093/ehjcvp/pvac063
 van Ganse, E., van Ganse, E., van Ganse, E., Danchin, N., Mahé, I., Mahé, I., et al. (2020). Comparative safety and effectiveness of oral anticoagulants in nonvalvular atrial fibrillation: The NAXOS study. Stroke 51, 2066–2075. doi:10.1161/STROKEAHA.120.028825
 Vinogradova, Y., Coupland, C., Hill, T., and Hippisley-Cox, J. (2018). Risks and benefits of direct oral anticoagulants versus warfarin in a real world setting: Cohort study in primary care. Bmj 362, 2505. doi:10.1136/bmj.k2505
 WHO Collaborating Centre for Drug Statistics Methodology (2022). ATC/DDD index 2022. Available at: https://www.whocc.no/atc_ddd_index/. 
 Who, (2019). ICD-10 version: 2019. Int. Stat. Classif. Dis. Relat. Health Problems 10th Revis. Available at: https://icd.who.int/browse10/2019/en. 
 Yao, X., Abraham, N. S., Alexander, G. C., Crown, W., Montori, V. M., Sangaralingham, L. R., et al. (2016a). Effect of adherence to oral anticoagulants on risk of stroke and major bleeding among patients with atrial fibrillation. J. Am. Heart Assoc. 5, 0030744–e3112. doi:10.1161/JAHA.115.003074
 Yao, X., Abraham, N. S., Sangaralingham, L. R., Bellolio, M. F., McBane, R. D., Shah, N. D., et al. (2016b). Effectiveness and safety of dabigatran, rivaroxaban, and apixaban versus warfarin in nonvalvular atrial fibrillation. J. Am. Heart Assoc. 5, e003725. doi:10.1161/JAHA.116.003725
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Giner-Soriano, Ouchi, Vives, Vilaplana-Carnerero, Molina, Vallano and Morros. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-14-1237454-t002.jpg
N Sum of IR (95% ClI), Cl Adjusted IRR  p-value

events  person- 1000 person/year (95% CI)
years
All patients (DOAC and VKA)
0AC DOAC | seiss 185 62584 30 (26-34) 074 (0.62-0.89) 0001 071 (0.59-0.86) <0001
VKA 54315 465 142771 33 (3.0-36)
Age >75 51046 414 107582 39 (35-42) 155 (131-184) <0001 124 (1.00-155) 0052
<75 39727 236 97773 24 (21-27)
Sex Men 48348 372 107381 35 (3.1-38) 120 (102-142) 0029 149 (1.23-182)  <0.001
Women ons | oy | wom 28 (25-32)
CKD Yes 8625 73 15257 48 (38-60) 142 (110-1.84) 0007 121 (093-158)  0.148
No 75747 551 178129 31(28-34)
Previous event  Yes uss | ow | aw 155 (110-213) e (4.69-9.46)  <0.001 926 (6.60-1298)  <0.001
No 89620 612 202908 30 (28-33)
PAD Yes 6293 48 12219 393 (29-52) 118 (0.86-1.62) 0299 092 (066-127) 0601
No 84480 602 193136 31(29-34)
DVT Yes 114 1 190 53 (0.1-29.3) 167 0607 | 202(028-1445) 0482
(0.24-11.89)
No 90659 649 205165 32 (29-34)
Antiplatelets Y 15179 128 32757 39 (33-47) 129 (1.05-159) 0016 114 (092-143) 0229
No 75594 522 172598 30 (28-33)
Antidiabetic  Yes 22453 s 43 (37-49) 156 (131-186)  <0.001 123 (101-150) 0042
drugs
No 68320 436 155182 28 (26-3.1)
PPI Yes 48819 386 109765 35 (32-39) 130 (1.10-153) 0002 111 (094-133) 0225
No 41954 264 95590 28 (24-3.1)
DOAC patients
Dose initiated ~ Overdosed 4975 14 7126 20 (11-33) 0.5 (0.32-096) 0036 071 (035-141) 0326
Underdosed 7837 54 13269 4.1 (3.1-53) 1.36 (0.97-1.92) 0.076 117 (0.81-1.71) 0404
Recommended | 23646 127 me 30 (25-36) |
dose
MPR 280% 3114 162 59144 27 (23-32) 050 <0.001 043 (0.29-0.65)  <0.001
(0.33-0.74)
<80% 5344 33 3415 9.7 (67-13.6)
DOAC switch ~ Yes 3523 34 6221 55 (38-7.6) 196 <0001 240 (1.59-361) <0001
(1.32-2.91)
No 32035 161 56338 29 (24-33)

IR, Incidence rate per 1000 person/year. IRR, incidence rate ratio. VKA, vitamin K antagonists. OAC, oral anticoagulant treatment. CKD, chronic kidney disease, estimated by glomerular
filtration rate <45 mL/min. PAD, peripheral artery disease. DV'T, deep vein thrombosis. PPL, proton pump inhibitors. DOAC, direct oral anticoagulants. MPR, medication possession ratio.
The bold value means statistically significant.





OPS/images/fphar-14-1237454-t003.jpg
N \] Sum of IR (95% Cl), IRR Adjusted IRR  p-value

total events person- 1000 person/year  (95% Cl) (95% Cl)
years

All patients (DOAC and VKA)

0AC DOAC 36458 65 62644 10 (0.8-1.3) 070 0018 075 (055-102) 0071
(0.52-0.94)
VKA 54315 180 142977 13 (11-15)
Age 75 51046 149 107709 14 (12-1.6) 134 0.036 112 (078-161) 0543
(1.02-1.76)
<75 39727 96 97911 10 (08-12)
Sex Men 48348 163 107478 15 (13-18) 183 <0001 | 214 (156-2.94) <0001
(1.38-2.43)
Women 42425 82 98143 08 (0.7-1.0)
CKD Yes 8625 33 15256 22 (15-3.0) 184 0.002 175 (117-2.62) 0007
(1.26-2.70)
No 75747 202 178383 11 (10-13)
Previous event | Yes 581 8 1143 7.0 (3.0-13.8) 638 <0001 | 593 (278-12.66) <0001
(3.08-13.22)
No 90192 237 204478 12 (10-13)
PAD Yes 6293 2 12235 21 (14-3.1) 187 0.003 139 (088-221) 0158
(1.24-282)
No 84480 219 193386 11 (L0-13)
DVT Yes 114 0 192 0(0-19.3) 0 (0-0) <0.001 0 (0-0) <0.001
No 90659 245 205429 12 (1.1-14)
Antiplatelets  Yes 15179 39 32822 12 (08-16) 101 0.961 089 (061-128) 0522
(0.71-143)
No 75594 206 172799 12 (1.0-14)
Antidiabetic  Yes 22453 77 50270 15 (12-19) 144 0.014 117 (083-165) 0378
drugs (1.08-1.92)
No 68320 168 155351 11 (09-13)
PPI Yes 48819 108 110010 10 (0.8-1.2) 0.67 0003 | 059 (0.44-078)  <0.001
(0.51-0.87)
No 41954 137 95610 14 (12-17)
DOAC patients
Dose initiated | Overdosed 4975 4 7129 06 (0.2-1.4) 047 0.147 066 (020-215) 0490
(0.17-1.31)
Underdosed 7837 15 13304 1.1 (06-19) 101 0.961 116 (064-210) 0627
(0.56-1.84)
Recommended | 23646 46 4221 11 (08-15)
dose
MPR 280% 3114 58 59230 10 (07-13) 085 0.690 090 (038-212) 0811
(0.39-1.87)
<80% 5344 7 3414 21(08-42)
DOAC switch  Yes 3523 14 6234 23 (1.2-38) 267 0002 | 243(1.28-463) 0006
(1.43-4.98)
No 32035 51 56410 09 (0.7-12)

IR: Incidence rate per 1000 person/year. IRR: incidence rate ratio. VKA: vitamin K antagonists. OAC: oral anticoagulant treatment. CKD: chronic kidney disease, estimated by glomerular
filtration rate <45 mL/min. PAD: peripheral artery disease. DVT: deep vein thrombosis. PPI: proton pump ors. DOAC: direct oral anticoagulants. MPR: medication possession ratio.






OPS/images/fphar-14-1237454-g003.gif
Adjusted Incidence Risk Rate
@ s o ottt & Consrsrvaroe

ST — .
TERPRNI —r— .
T — .

T —






OPS/images/fphar-14-1237454-t001.jpg
N
total

N events

Sum of person-years

IR (95% CI), 1000 person/year

IR (95% C1)

prvalue

Adjusted IRR (95% CI)

p-value

Al patients (DOAC and VKA)

oac

<KD

Previous event

PAD

vt

Antplatelets

Antidiabetic drugs

Pp1

MPR

DOAC switch

DoAC

VKA

>75

<75

Men

Women

Yes

No

Yes

No

Yes

No

Yes

No

Yeo

No

Yes

No

Yes

No

Overdosed

Underdosed

Recommended dose

280

<80%

Yes

No

50315

stois

30727

a3

a0

8625

75747

13818

76955

93

84480

4

90659

15179

75591

2153

8819

1954

787

23616

s

s34

32

32935

i

306

613

2507

3961

3159

s961

061

3059

7

397

206

674

1575

2515

20

655

1880

2

w

5

2355

011

138385

103500

95069

103806

94763

731

721

26513

172086

nen

186895

72

198397

3138

167251

8263

150306

105649

9201

@962

12761

0462

56883

3501

5836

i3

168 (150-485)
311 (302-321)
446 (433-459)
264 (254-27.4)
382 (570-39.4)
383 (322-345)
546 (509-585)
346 (338-355)

1532 (1485-158.0)
178 (172-184)
752 (703-804)
34 (326-342)
988 (576-1583)
358 (350-366)
550 (525-57.)
23 (14-33)
507 (187-527)
311 (302-322)
83 (421446

274 (263-285)

358 (315-403)
537 (197-579)
165 (14-186)
28 (111-445)

1157 (1044-127.9)

787 (716-862)

33 (116-451)

127 (119-134)

166 (156-1.76)

L1 (105-118)

142 (130-1.55)

930 (830983

211 (193-231)

199 (110-360)

169 (158-181)

164 (154-1.74)

164 (L54-1.74)

068 (0.57-080)

113 (102-1.25)

069 062-078)

180 (159-203)

<0001

<0001

0023

<0001

<0001

<0001

o019

<0001

<0001

102 (096-1.08)

133 (123-144)

112 (L05-120)

108 (098-1.18)

827 (775-8.83)

135 (122-149)

183 (101-333)

113 (105-122)

132 (123-142)

113 (L06-121)

088 (072-107)

105 (094-1.17)

074 (065-0.83)

208 (184-2.38)

0413

<0001

0001

o6

<0001

<0001

0018

<0001

<0001

0187

0420

<0001

<0001

I, Incidence rate per 1000 person/yea. IR, incdence rate raio, VKA, vitamin K antagonists OAC, ral antcoagulant trestment. CKD, chronic Kidney dsease, estimated by glomerulr iatio rate <45 mLmin. PAD, peripheral atery discase. DVT, deep vein
it i W S S MM DOE: Bt dedd atimibints TS R etttk The babl viles avei il st





OPS/xhtml/nav.xhtml
Contents

		Cover

		Effectiveness and safety of oral anticoagulants for non-valvular atrial fibrillation: a population-based cohort study in primary healthcare in Catalonia		Introduction

		Material and methods		Study design

		Population included

		Population excluded

		Data source

		Drug exposure

		Study outcomes

		Statistical analysis





		Results		Effectiveness analysis

		Safety analysis





		Discussion

		Strengths and limitations

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		Abbreviations

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Effectiveness and safety of oral
anticoagulants for non-valvular
atrial fibrillation: a population-

based cohort study in primary

healthcare in Catalonia





OPS/images/fphar-14-1237454-g001.gif
Washou Window 0AG expose)
o365,

Excusontssassmertnon
P, DYToRs, 1
S propmees 163,10

Keop st quaktying e oo spisote
bemaduirin sty paroatoreachpatent

Covsrite sessmert indow
g, Sex. stoke ndieng ek
Bays 15,01

Saye oit 1)





OPS/images/fphar-14-1237454-g002.gif
[sounp popuiaten wa

P ———

(S0 popuiason with WUAF]
with GAC prescription n
prive
ez

(S01AP pepuiaton Wil WA
Iniiaing OAC n 20112020

“With v exclusion creria
= 90,773










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





