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A B S T R A C T

Introduction and objectives: The incidence and prevalence of atrial fibrillation (AF), a major risk factor for

stroke, has increased substantially in the past few years. However, several studies have reported a

decline in AF-related stroke rates associated with higher uptake of direct oral anticoagulants (DOACs).

This ecological study evaluated the association between DOAC uptake in Spain and the incidence rate

(IR) of AF-related ischemic stroke.

Methods: Data were obtained from the Registry of Activity of Specialized Healthcare of the Spanish

Ministry of Health (RAE-MDS). AF-related ischemic strokes were identified using International

Classification of Diseases codes. IR were age-standardized and adjusted to the 2013 European standard

population. Poisson regression models were used to identify the association between DOAC uptake and

AF-related ischemic stroke in patients aged � 65 years.

Results: Before the use of DOACs, the adjusted IR of AF-related ischemic stroke increased steadily from

2005 (IR = 2.20 per 100 000 person/y) to 2012 (IR = 2.67). Upon DOAC uptake in Spain from

2012 onwards for AF-related ischemic stroke prevention, the IR remained constant or decreased slightly

(IR in 2018 = 2.66). Poisson regression showed that DOAC uptake was a significant predictor for the rate

of AF-related ischemic stroke in patients older than 65 years (IRR = 0.995; 95%CI, 0.995-0.996).

Conclusions: This study shows an association between DOAC use and a reduced incidence of AF-

related ischemic stroke. While this association is based on aggregate data and cannot demonstrate

causality, these findings suggest that higher DOAC uptake could improve health outcomes in AF

patients in Spain.
�C 2021 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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R E S U M E N

Introducción y objetivos: La prevalencia y la incidencia de la fibrilación auricular (FA), un importante

factor de riesgo de ictus cardioembólico, han aumentado sustancialmente en los últimos años. Sin

embargo, varios estudios europeos han observado una disminución en la tasa de ictus cardioembólico

asociada con un aumento de la penetración de los anticoagulantes orales de acción directa (ACOD). Este

estudio ecológico evalúa la asociación entre la penetración de los ACOD y la tasa de incidencia de ictus

cardioembólicos en España.
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INTRODUCTION

Atrial fibrillation (AF) is one of the most frequent cardiac

arrhythmias1 and is independently associated with increased

morbidity, mortality, and impaired quality of life.2 Both the

incidence and prevalence of AF have increased substantially in the

past few years, mainly due to population aging, a rise in the

number of cardiovascular risk factors, and longer survival in

persons with cardiovascular disease. In Spain, the prevalence of AF

is > 4% for the population older than 40 years, rising to 8.5% among

patients older than 60 years, and 16.5% among those older than

85 years.3

AF is a major risk factor for stroke, increasing risk by 4- to 5-fold

across all age groups.4 The recurrence rate of AF-related ischemic

stroke is approximately 12% at 3 months, which is higher than the

rate for other stroke types. Patients with AF are likely to have more

severe strokes than those without AF, resulting in longer hospital

stays and higher mortality rates.5

Oral anticoagulation is the gold standard for prophylaxis in AF-

related stroke. Oral vitamin K antagonists (VKA) were the mainstay

of long-term anticoagulant practice starting in the early 1950s

until the last few years. However, their use in clinical practice is

challenging, due to problems such as a narrow therapeutic index,

drug-drug and drug-food interactions, slow onset and offset, wide

variability in individual doses, and the need for frequent

international normalized ratio (INR) monitoring. Clinical guide-

lines now recommend novel direct oral anticoagulants (DOACs),

such as rivaroxaban, dabigatran, edoxaban, and apixaban over

VKAs for stroke prevention in patients with AF.6 The evidence

demonstrating the benefits of DOACs vs VKAs in AF-related stroke

prevention has been shown in several randomized clinical trials,

meta-analyses of these trials, and real-world studies.7 In addition,

several retrospective studies from different European countries

have observed a decline in AF-related stroke rates associated with

higher DOAC uptake.8–12However, the relationship between DOAC

use and AF-related stroke in Spain remains unknown. DOACs have

been approved in Spain since 2012 for the prevention of stroke and

systemic embolism in patients with nonvalvular AF, but their use is

lower than that in other European countries because they are used

as second-line drugs after VKA and use is subject to approval in the

form of an inspection visa (ex-ante approval).13,14

Given the existing evidence, the present study aimed to analyze

the epidemiology of AF-related ischemic stroke and its association

with DOAC uptake in Spain. Specifically, a) the IRs of nonvalvular

AF-related ischemic stroke before and after the introduction of

DOACs as a treatment option for stroke prevention in patients with

AF; and b) the association between DOAC uptake and the frequency

of AF-related ischemic strokes.

METHODS

Data source

Data were obtained from the Registry of Activity of Special-

ized Healthcare-Minimum Data Set (RAE-MDS) of the Spanish

Ministry of Health, Consumption and Social Welfare.15 The RAE-

MDS is clinical-administrative database and its completion is

compulsory for hospitals of the Spanish National Health System,

with more than 4 000 000 hospital admissions collected per year.

Data from 2005 to 2015 were coded according to the

International Classification of Diseases (ICD-9), and data for

2016 and 2018 were coded according to the ICD-10. Information

was received on the following variables: year, sex, type of

hospital discharge, age, autonomous community, length of

hospital stay, main diagnosis, secondary diagnoses, date of

birth, date of admission, date of discharge, service, or readmis-

sion. For each patient, the primary diagnosis and 14 secondary

diagnoses were obtained. As this is a population-based

epidemiological study using anonymized data from the RAE-

MDS, there was no requirement for ethical approval.

In 2016, the switch from the ICD-9 to ICD-10 codes led to

incorrect registration of some diagnoses and an underestimation of

the total number of diagnoses. Therefore, data from 2016 and

2017 should be interpreted with caution (especially those for

2016). Data were acquired in Microsoft Access Database files,

converted into Microsoft Excel spreadsheets, and imported into the

IBM SPSS Statistics software. Approximately 100 000 hospital

admissions with a primary diagnosis of ‘‘cerebrovascular disease’’

were collected each year from 2005 to 2018 in the RAE-MDS

Métodos: Los datos se obtuvieron del Registro de Actividad Sanitaria Especializada del Ministerio de

Sanidad de España (RAE-CMBD). Los ictus cardioembólicos se identificaron mediante códigos ICD. Las

tasas de incidencia se estandarizaron por edad y se ajustaron a la población estándar europea de 2013. Se

utilizaron modelos de regresión de Poisson para estimar la asociación entre la penetración de los ACOD y

la tasa de ictus cardioembólico en pacientes de 65 o más años.

Resultados: La tasa de incidencia ajustada (TI) del ictus cardioembólico aumentó desde 2005 (2,20/

100.000 personas/año) hasta 2012 (2,67). A partir de 2012, tras la introducción de los ACOD para la

prevención del ictus cardioembólico en España, la TI se ha mantenido constante o ha disminuido

ligeramente (en 2018, 2,66). Los resultados del modelo de regresión de Poisson indican que la

penetración de los ACOD tiene una influencia estadı́sticamente significativa en la tasa de ictus

cardioembólicos de los mayores de 65 años (RDI = 0,995; IC95%, 0,995-0,996).

Conclusiones: Los resultados de este estudio muestran una asociación entre la penetración de los ACOD y

una menor incidencia de ictus cardioembólicos. A pesar de que esta asociación no implica causalidad,

indica que una mayor penetración de los ACOD podrı́a llevar a un mayor beneficio clı́nico para los

pacientes con FA en España.
�C 2021 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Este es un artı́culo Open Access

bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations

AF: atrial fibrillation

DOACs: direct oral anticoagulants

IR: incidence rate

IRR: incidence rate ratio

VKA: vitamin K antagonists
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database. Three secondary diagnoses were reported for more than

85% of the patients and at least 6 secondary diagnoses were

reported for more than 50% of the patients, which is an indication

of the overall quality of the database.

Oral anticoagulant uptake rates in Spain were estimated

based on unit sales and prescription data provided by IQVIA.

IQVIA collects monthly data from all public and private

prescriptions dispensed throughout Spain. Spanish monthly

unit sales from January 2002 to December 2018 were analyzed

for the following treatments: apixaban, edoxaban, dabigatran

etexilate, rivaroxaban, and acenocoumarol. For DOACs, each unit

sale was associated with 1 month of treatment. In addition, we

considered that all DOAC sales were correlated only with the

treatment of AF since DOAC use in other approved indications is

very low in Spain. For acenocoumarol, the most widely used VKA

in Spain, we considered a daily dose of 2 mg and the percentage

of use only in the AF indication, based on the Study of Medical

Prescription, to obtain the monthly unit sales. The Study of

Medical Prescriptions is a quarterly study conducted by IQVIA

and involves 965 physicians. This study provides information on

medical prescription patterns, relating diagnoses with the

prescribed treatment and with the treated patients. Yearly use

was calculated per drug as the sum of monthly use. Finally, the

percentage of DOAC uptake was calculated based on the sum of

apibaxan, edoxaban, dabigatran etexilate, and rivaroxaban use

divided by the total of oral anticoagulant use (sum of the

4 DOACs + acenocoumarol).

Atrial fibrillation-related ischemic stroke and incidence rate

AF-related ischemic strokes were defined as those with

‘‘ischemic stroke’’ as the primary diagnosis and ‘‘AF’’ as a secondary

diagnosis, given that neither nonvalvular AF nor AF-related stroke

has a specific ICD code (table 1 and table 2 of the supplementary

data). The following comorbidities were extracted from the

secondary diagnoses: hypertension, diabetes mellitus, lipoprotein

metabolism disorder, heart failure, and ischemic heart disease

(table 2 of the supplementary data).

Age-standardized crude incidence rates (IR) were calculated by

dividing the number of AF-related ischemic strokes in a calendar

year by the total number of people in Spain in each age group

during the same year. Demographic information was provided by

the National Institute of Statistics.16 The IR was adjusted to the

2013 European standard population using 5-year age groups17 to

allow international comparisons. The adjusted IR of 10-year age

groups was calculated as the mean of the adjusted IR of the two 5-

year age groups within that 10-year age group. Incidence rate

ratios (IRR) were calculated by dividing the incidence rates of the

2 years of interest.

Statistical analyses

Statistical significance was calculated with ANOVA tests using

polynomial contrast and Student-Newman-Keuls tests for baseline

characteristics over time. Rates were also calculated for qualitative

variables and the chi-square test was used to analyze their

statistical significance. Linear regression was used to test for linear

temporal trends in the following independent variables: number of

ischemic and AF-related ischemic strokes, rate of DOAC uptake,

and patient characteristics.

To investigate the association between the frequency of AF-

related stroke in patients older than 65 years and DOAC uptake, a

Poisson regression model was used and IRR were reported. The

dependent variable in the Poisson regression was the number of

AF-related ischemic strokes per year in patients older than T
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65 years, while the independent variables were DOAC uptake (as

%), time (as a discrete variable, year) and autonomous community

(as a discrete variable) to account for the variability in DOAC use

observed in the different Spanish autonomous communities. The

Spanish population older than 65 years extracted from the

website of the National Institute of Statistics16 was used as the

exposure variable or reference group. Poisson regression was also

used to investigate the association between the number of deaths

in patients with AF-related ischemic stroke and DOAC uptake. In

the Poisson regression, the dependent variable was the frequency

of deaths per year while the independent variables were DOAC

uptake and time (year). The number of AF-related ischemic

strokes per year was used as the exposure variable or reference

group.

Statistical significance was set at P (2-sided) < 0.05. The

statistical analysis was performed using the IBM SPSS statistics

package, version 27.0 (SPSS, United States).

RESULTS

Patient population

We included 910 641 patients with a primary diagnosis of

ischemic stroke in Spain between 1 January 2005 and 31 December

2018; of these, 26% (n = 233 935) were patients with a secondary

diagnosis of AF and who were therefore considered patients with

AF-related ischemic stroke (table 1).

The rate of AF in ischemic stroke increased over the years, from

23% in 2005 to 28% in 2018. There was a significant positive

association between time (years) and the number of cases of AF in

ischemic stroke (P < .001).

The baseline characteristics of AF-related ischemic stroke

patients are shown in table 2. The age of patients with AF-related

ischemic strokes significantly increased from 2005 to 2018 (1-way

ANOVA, P < .001), with a mean age of 80.5 years in 2018. Across all

years, AF-related ischemic strokes were more common in women

than in men (women 55.4% vs men 44.6% in 2018).

For all years, more than 50% of patients with AF-related

ischemic stroke also had hypertension. The percentage of patients

with comorbid lipoprotein metabolism disorders, diabetes melli-

tus, and heart failure increased between 2005 and 2018, while the

presence of hypertension and ischemic heart disease/cardiomy-

opathy remained steady (table 2).

DOAC uptake

The percentage of DOACs, which have been indicated in Spain

for the prevention of stroke and systemic embolism since 2012,13

increased, rising steeply and steadily from 4.6% in 2012 to 42.22%

in 2018 (table 3).

Incidence rate of atrial fibrillation-related ischemic stroke

The trend in the IR of ischemic, hemorrhagic, AF-related

ischemic, and AF-related hemorrhagic strokes in 2005 and

2018 is shown in figure 1. The IR were age-standardized and

adjusted to the 2013 European standard population. The IR of

ischemic stroke increased from 9.22 (per 100 000 persons/y) in

2005 to 10.6 in 2008. From 2008 onwards, the IR decreased to 9.8

in 2018 (figure 1A). A similar trend was seen in the IR of

hemorrhagic stroke, which decreased from 2008 to 2013 (figure

1C). However, the IR of AF-related stroke did not follow the trend

observed for total strokes (compare figure 1A to figure 1B; and

figure 1C to figure 1D). Despite the reductions observed for total T
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ischemic and total hemorrhagic stroke from 2008, the IR of both

ischemic and hemorrhagic AF-related strokes increased from

2005 to 2011.

When we focused on AF-related ischemic strokes, the IR

increased from 2.20 in 2005 to 2.67 in 2012 (figure 1B and table

4). The highest increase during the period 2005 to 2012 was

observed in patients older than 85 years (from 3.32 in 2005 to

4.40 in 2012) in both men and women. The IR was higher in men

than in women across all age groups and years (table 4). Upon the

introduction  of DOACs for the prevention of stroke and systemic

embolism13 in 2012, the IR in the general population remained

constant or slightly decreased (from 2.67 in 2012 to 2.66 in

2018), with the largest decrease in patients aged 75 to 84 years

(from 8.00 in 2012 to 7.68 in 2018). In contrast, the IR increased

slightly in patients older than 85 years (from 4.40 in 2012 to 4.50

in 2018). In women aged 65 to 84 years, the IR decreased

markedly (IR in women aged 65-74 years in 2012, 3.47; in

2018, 3.08; IR in women aged 75-84 years in 2012, 7.75; in

2018, 7.18), while in men, the IR increased from 2012 to 2018

(from 2.81 to 2.99).

To compare periods before and after DOAC uptake, IRRs were

calculated by dividing the IR of the 2 years of interest for the

period before and after the introduction  of DOACs: 2005 to

2012 and 2012 to 2018 (table 5). The IR of AF-related ischemic

stroke increased from 2005 to 2012 (IRR, 1.22; 95% confidence

interval (95%CI), 1.19-1.24)), with a higher increase in

patients older than 85 years for both men and women. In the

post-DOAC introduction period, the IR remained constant or

decreased slightly (IRR < 1) in the general population and in

women younger than 85 years. In men, IRR > 1 in the post-DOAC

period indicated an increase in the IR, but this increase was

considerably lower than during the pre-DOAC period (2012-

2005 IRR, 1.23; 95%CI, 1.19-1.28; 2018-2012 IRR, 1.06;

95%CI, 1.03-1.10).

In summary, while the IRs of AF-related ischemic stroke

increased from 2005 to 2012 (2.20 to 2.67, an increase of 21.6%),

this tendency reversed or stabilized after the introduction of

DOACs in Spain in 2012 (2.67 to 2.66, a decrease of 0.63%) (figure

1 of the supplementary data). The IRRs of the post-DOACs period

(2012-2018) were lower than the IRRs of the pre-DOACs period

Table 3

DOAC uptake in Spain.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 p trend

% of DOAC uptake, % 0.00 0.00 0.00 0.00 0.13 0.39 1.07 4.60 10.85 16.45 21.65 28.21 35.39 42.23 < .001

DOAC, direct oral anticoagulant.

Figure 1. Incidence rate (adjusted to the 2013 European standard population) of ischemic and hemorrhagic stroke. AF, atrial fibrillation.
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(2005-2012) across all age groups and both sexes. The temporal

trend in AF-related ischemic stroke, which follows an inverted-U-

shaped curve, is presented in figure 2 together with the DOAC

uptake rates.

The age-standardized crude IRs of AF-related ischemic stroke

and the IRR calculated with the crude IR are reported in table 3 and

table 4 of the supplementary data.

Poisson regression between DOAC uptake and atrial fibrilla-
tion-related ischemic stroke

Poisson regression showed that DOAC uptake was a significant

predictor of the rate of AF-related stroke in patients older than

65 years (IRR, 0.995; 95%CI, 0.995-0.996), indicating that for each

unit increase in DOAC uptake, the IR of AF-related ischemic stroke

in this population decreased by a factor of 0.5%. The population

older than 65 years was used as the exposure group.

Length of hospital stay and in-hospital mortality rate

The length of hospital stay and in-hospital mortality rate for AF-

related ischemic strokes from 2005 to 2018 are shown in table 6.

The number of days of hospital stay days substantially decreased

throughout the study period (1-way ANOVA, P < .001). Length of

hospital stay was slightly lower in the post-DOAC period (mean,

9.57; SD, 0.16) than in the pre-DOACs period (mean, 11.35;

SD, 0.65), decreasing from 2008 to 2012 and stabilizing from

2012 onwards (table 6).

The in-hospital mortality rate of patients with AF-related

ischemic stroke also decreased over time, especially from 2010 to

2018 (table 6). Poisson regression showed that DOAC uptake was a

significant predictor of the number of in-hospital deaths in

patients with AF-related ischemic stroke (IRR, 0.993;

95%CI, 0.990-0.997) when the number of AF-related strokes was

used as an exposure variable.

DISCUSSION

This study is the first to analyze trends in the IR of AF-related

ischemic stroke in Spain during a 14-year period and to evaluate

its association with DOAC uptake. We found that the rate of AF in

ischemic stroke increased over the years, from 23% in 2005 to

28% in 2018, probably mainly due to population aging and

enhanced detection and diagnosis. The IR of AF-related ischemic

stroke also increased from 2005 to 2012. However, since 2012,

when DOACs were introduced as a treatment option for AF-

related ischemic stroke prevention, the IR generally decreased or

remained constant. In agreement with our results, Freixa-

Pamias et al.18 found a significant decrease in the annual

incidence of AF-related ischemic strokes, from 2013 to 2019, in a

health area of a regional hospital in Barcelona (Spain). In parallel,

DOAC use increased from 5.5% in 2013 to 46.8% in 2019 in that

health area.18

Table 4

Incidence rate (per 100 000 person/y) age-standardized and adjusted to the European standard population 2013 of AF-related ischemic stroke.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

General population

All ages 2.20 2.37 2.43 2.59 2.58 2.67 2.59 2.67 2.66 2.59 2.59 2.48 2.60 2.66

65-74 3.45 3.41 3.66 3.90 3.73 4.11 3.78 4.06 3.92 3.92 3.83 3.71 3.86 4.02

75-84 6.84 7.14 7.25 7.62 7.77 7.83 7.66 8.00 8.07 7.65 7.74 7.46 7.73 7.68

� 85 3.32 4.00 4.08 4.38 4.44 4.53 4.39 4.40 4.42 4.34 4.36 4.08 4.35 4.50

Women

All ages 2.08 2.25 2.32 2.42 2.45 2.52 2.41 2.49 2.45 2.38 2.34 2.25 2.36 2.40

65-74 2.97 2.95 3.18 3.31 3.25 3.56 3.07 3.47 3.30 3.18 2.97 2.95 3.03 3.08

75-84 6.63 7.01 7.18 7.33 7.55 7.63 7.40 7.75 7.65 7.31 7.31 6.93 7.24 7.18

� 85 3.36 4.04 4.06 4.41 4.50 4.53 4.45 4.38 4.36 4.33 4.29 4.15 4.35 4.52

Men

All ages 2.28 2.43 2.50 2.70 2.64 2.77 2.71 2.81 2.85 2.76 2.83 2.75 2.93 2.99

65-74 4.03 3.96 4.22 4.58 4.28 4.75 4.60 4.73 4.63 4.77 4.81 4.62 4.85 5.13

75-84 7.14 7.33 7.37 8.02 8.05 8.10 8.02 8.31 8.62 8.09 8.33 8.28 8.55 8.49

� 85 2.97 3.59 3.75 3.88 3.89 4.14 3.92 4.12 4.21 4.05 4.17 3.92 4.40 4.52

AF, atrial fibrillation.

Table 5

IRR for the period before (2012-2005) and after (2018-2012) DOAC uptake.

IRR* 2012-2005

(95%CI)

IRR 2018-2012

(95%CI)

General population

All ages 1.22 (1.19-1.24) 0.99 (0.97-1.01)

65-74 1.18 (1.11-1.24) 0.99 (0.94-1.04)

75-84 1.17 (1.13-1.21) 0.96 (0.93-0.99)

� 85 1.32 (1.27-1.39) 1.02 (0.99-1.06)

Women

All ages 1.20 (1.16-1.24) 0.96 (0.94-0.99)

65-74 1.17 (1.08-1.27) 0.89 (0.82-0.96)

75-84 1.17 (1.12-1.23) 0.93 (0.89-0.97)

� 85 1.31 (1.24-1.38) 1.03 (0.99-1.08)

Men

All ages 1.23 (1.19-1.28) 1.06 (1.03-1.10)

65-74 1.17 (1.09-1.26) 1.09 (1.02-1.16)

75-84 1.16 (1.10-1.23) 1.02 (0.97-1.07)

� 85 1.38 (1.27-1.51) 1.10 (1.03-1.17)

DOAC, direct oral anticoagulant; 95%CI, 95% confidence interval; IRR, incidence rate

ratio.
* The IRR were calculated by dividing the incidence rates adjusted to standard

European population 2013 of the 2 years of interest.
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Throughout the study period (2005-2018), the proportion of

patients with comorbidities such as lipoprotein metabolism

disorders, diabetes mellitus, and heart failure increased in patients

with AF-related ischemic stroke. Other comorbidities, such as

hypertension, ischemic heart disease, and cardiomyopathy

remained steady. This finding suggests that the IR reduction from

2012 onward is not caused by a decrease in comorbidities. Rather,

we observed a statistically significant association between DOAC

uptake and the reduction in AF-related ischemic strokes in patients

older than 65 years by Poisson regression analysis. In the general

population, the largest IR decrease was found in the group aged

75 to 84 years. In patients older than 85 years, the IR still increased

slightly from 2012 to 2018, most likely due to population aging.

Nevertheless, this increase was lower than that during the pre-

DOAC period. In summary, the IRR decreased in all age groups and

both sexes in the post-DOAC period (2012-2018) compared with

the pre-DOAC period (2005-2012). This IRR decrease in the post-

DOAC period was also observed when the IRR was calculated using

age-standardized crude IR.

Our analysis showed a reduction in the in-hospital mortality

rate of AF-related ischemic stroke throughout the study period,

which Poisson regression revealed to be significantly associated

with DOAC uptake. However, the reduction in the in-hospital

mortality rate was observed from 2010, 2 years before the

introduction of DOACs in Spain. Therefore, this decrease cannot be

attributed solely to greater DOAC use. Advances in the manage-

ment of ischemic stroke over the last decade, including the use of

fibrinolytic therapy, thromboendarterectomy, and the implemen-

tation of the ‘‘Stroke Code’’ are essential in the reduction of stroke

mortality and length of hospital stay. Moreover, the RAE-MBS

collects in-hospital deaths only. It does not collect out-of-hospital

mortality, ie, deaths in patients after discharge. Therefore, the

mortality rates reported in this study are underestimated and

could be misleading. Additionally, it is not known whether patients

were being treated with DOACs before their death, thereby casting

doubt on the relationship between the mortality rate and DOAC

use. In summary, the significant association observed between

DOAC uptake and the reduction in mortality rate should be

interpreted with caution.

Another important trend observed in this study was the

reduction of the length of hospital stay from the beginning of the

study to the end. The length of hospital stay was slightly lower in

the post-DOAC than in the pre-DOAC period. However, and similar

to the in-hospital mortality rate, the observed reduction in hospital

stay cannot be attributed solely to the increase in DOAC use. Other

factors may also play a role, such as the disuse of bridging therapy,

the lower severity of the strokes, and the reduction in clinical

follow-up. In addition, the reduction in length of hospital stay also

corresponded to the general trend observed in Spain for any

disease, given the improvement in care processes, treatments, and

surgical procedures.

Strengths and weaknesses

The limitations of this study are primarily related to the data

source and its ecologic design. Data obtained from the RAE-MBS

was for hospital discharge only, and no information was available

on patient follow-up or patient medication. Therefore, we were

unable to adjust for comorbidities such as diabetes, hypertension,

or heart failure to assess their impact on the association between

DOAC uptake and the number of AF-related ischemic strokes.

Furthermore, the number of patients identified who were under

treatment with DOACs, the type of DOAC they were prescribed, and

their medication adherence was unknown. In addition, the time of

initiation of DOACs therapy was not measured and thus we were

unable to assess whether patients with an AF-related stroke were

already receiving DOAC treatment before the event or whether it

was initiated after the event. Given the lack of control of the

potential confounding factors, the association between DOAC

uptake and AF-related ischemic stroke should be interpreted with

caution. This is the main weakness of any ecological study, making

it potentially susceptible to the ‘‘ecological fallacy’’. We acknowl-

edge that the association between DOAC uptake and the number of

Figure 2. Trend in the incidence rate of AF-related ischemic stroke in the general population and percentage of DOAC uptake. In 2016, the International

Classification of Diseases (ICD) codes switched from ICD-9 to ICD-10. This switch caused incorrect registration of some diagnoses and underestimation of the total

number of diagnoses; therefore, the incidence rate of 2016 was not used for curve fitting. The incidence rate curve fitting was performed with a quadratic model (R2

quadratic = 0.825). The incidence rate was adjusted to the 2013 European standard population. AF, atrial fibrillation; 95%CI, 95% confidence interval; DOACs, direct

oral anticoagulants.
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AF-related ischemic strokes observed in our study may differ from

the causal association at an individual level, and that there are

several confounding factors that could impact the observed

association. In summary, our study describes an association

between DOAC use and the incidence of AF-related ischemic

stroke but cannot prove causality.

Another major limitation of this study is the switch of the ICD

codes from ICD-9 to ICD-10 in 2016, which caused incorrect

registration of some diagnoses and underestimation of the total

number of diagnoses. Therefore, the data from 2016 and the

comparison between the 2005 to 2015 and 2016 to 2018 datasets

should be interpreted with caution. The potential bias intro-

duced by the switch in codification is likely to be systematic and

nondifferential. In our dataset, we observed a lower number of

any type of stroke in 2016 than in 2015 and 2017 (table 1 and

figure 1), according to the undercoding of diagnoses due to the

ICD switch. However, this reduction did not affect the calcula-

tions of IRR (calculated using the IR from 2012 and 2018) or the

results of the Poisson regression. In relation to the diagnostic

codes, AF-related ischemic strokes were defined as those with

‘‘ischemic stroke’’ as the primary diagnosis and ‘‘AF’’ as a

secondary diagnosis. Using the current study design, we were

unable to identify the study population more precisely by

differentiating between patients with ischemic stroke due to AF

and those due to other embolic sources. Equally, our primary

outcome of hospitalized AF-related ischemic stroke did not

capture patients managed in the community or those who died

before hospital admission.

While we acknowledge the limitations of this study, it also has

several strengths. To our knowledge, this is the first nationwide

population-based study conducted in Spain to evaluate the

relationship between DOAC uptake and the epidemiology of

AF-related ischemic stroke. Another strength of this study is the

large and robust dataset used. Unlike clinical trials and small

observational studies, this study contains data on the real-life

conditions of 910 641 ischemic stroke patients and 233 935

patients with AF-related ischemic stroke, gathered over 14 years

(2005-2018), which was able to successfully reflect the trends in

patient health.

Our current findings corroborate previous studies reporting

significant associations between increased DOAC uptake and a

lower rate of AF-related stroke in England,8 Sweden,10

Germany,11 and Italy.12 However, the association is weaker in

Spain than in these other European countries, likely due to DOAC

underprescription. Although DOAC use has increased in Spain up

to 42.22% in 2018, it is still far below the average in other

European countries (average in Europe in 2018: 67.9%).19 DOAC

prescription in Spain is subject to ex-ante approval, theoretically

based on the recommendation of use defined in the latest

Spanish Medicine Agency Therapeutic Positioning Report (TPR)

of 2016,14 limiting their use mostly to second-line treatment

after poor VKA control. Moreover, many physicians continue to

prescribe VKA for patients who would be eligible for DOAC

therapy based on the TPR requirements because of: a) the hurdle

of obtain approval; b) the lack of direct access to analyze the

INR20 and c) physicians’ perceptions of the rate of good control of

VKA-treated patients.21 If DOAC use in Spain continues to

increase to match that in other European countries, stronger

associations may be found between DOAC uptake and the

incidence of this type of stroke. An urgent update of the current

Spanish guidelines to meet the recommendations of European

and American guidelines is necessary. The inclusion of current

favorable evidence of DOAC use for stroke prevention and the

elimination or alleviation of prescribing restrictions, would
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likely improve patient prognosis and quality of life and decrease

the costs and economic burden associated with AF-related

stroke.

CONCLUSIONS

This is the first national population-based study conducted in

Spain over 14 years that has evaluated the association between DOAC

uptake and the epidemiological trend in AF-related ischemic stroke.

While we analyzed only aggregate data and were unable to include

possible confounding factors, we observed an association between an

increase in DOAC use and a decline in AF-related ischemic stroke.

These results are consistent with those of previously published

European studies and suggest that higher DOAC uptake could

enhance health outcomes in AF patients in Spain.

WHAT IS KNOWN ABOUT THE TOPIC?

- The incidence and prevalence of AF, a major risk factor

for stroke, have increased substantially in the past few

years.

- Recent international guidelines encourage DOAC use for

stroke prevention in AF patients.

- Studies from several European countries, such as

Sweden, England, Germany, and Italy, have found

associations between decreases in AF-related stroke

rates and increased oral anticoagulant use.

WHAT DOES THIS STUDY ADD?

- This is the first nationwide population-based study

conducted in Spain using hospital discharge data from a

robust database (RAE-MBS) over 14 years (2005-2018).

- The IR of AF-related ischemic stroke increased from

2005 to 2012. However, since 2012, when DOACs were

introduced in Spain, the IR decreased or remained

constant.

- The increase in DOAC uptake was significantly associat-

ed with a reduction in AF-related strokes in patients �

65 years. However, this association is only a descriptive

association and cannot demonstrate causality.

- These findings may help health care providers to

encourage DOAC use to prevent AF-related ischemic

strokes.
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camentos y productos sanitarios. INFORME DE POSICIONAMIENTO TERAPÉUTICO
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