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Abstract
Background and aims  Despite guidelines recommending antithrombotic therapy for atrial fibrillation (AF) patients, differ-
ences in treatment initiation between sex remain an area of ongoing research. This study assesses the association between 
sex and the likelihood of receiving antithrombotic therapy following an AF diagnosis.
Methods  A retrospective multicenter cohort study was conducted using data from the IQVIA™ Disease Analyzer database, 
comprising 118 cardiology practices in Germany. Patients ≥ 18 years with a first-time AF diagnosis between 2010 and 2023 
were included. The primary outcome was the prescription of vitamin K antagonists, direct thrombin inhibitors, or direct fac-
tor Xa inhibitors within 30 days post-diagnosis. Multivariable logistic regression models examined the association between 
sex and therapy initiation, adjusting for age, CHA₂DS₂-VA Score, and health insurance coverage.
Results  Among 166,005 patients (74,755 female, 91,250 male), female patients were significantly older than their male coun-
terparts, with a mean age of 76.2 years compared to 73.2 years (p < 0.001). They however had a similar median CHA2DS2-VA 
Score (2). Overall, the proportion of patients with antithrombotic prescriptions were lower in females (13.2%) compared to 
males (15.5%, p < 0.001). Multivariable regression revealed a negative association between female sex and therapy initiation 
(OR: 0.89; 95% CI: 0.86–0.91, p < 0.001).
Conclusion  Our findings indicate notable disparities in the initiation of antithrombotic therapy in relation to sex, thus 
underscoring the necessity for additional research to comprehend the underlying factors. Consequently, efforts should be 
concentrated on enhancing adherence to treatment guidelines, addressing sex-specific barriers to therapy, and ensuring 
equitable access to optimized stroke prevention strategies for patients with AF.

What’s New?
• This study, based on a large, real-world cohort, demonstrates 

a consistent sex disparity in the initiation of guideline-
recommended antithrombotic therapy for AF.

• It is important to note that this discrepancy remains consistent 
even after adjustments for factors such as age, CHA2DS2-VA 
score, and insurance coverage. The observed gap becomes more 
pronounced in patients with elevated thromboembolic risk.

• By analyzing data from specialist practices across Germany, the 
study provides valuable insights into current clinical practices, 
emphasizing the importance of addressing sex differences in 
cardiovascular care.
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Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia and represents the principal etiological 
factor in the development of cardioembolic stroke, heart 
failure, and overall mortality [1]. Given the significant 
morbidity associated with AF, stroke prevention through 
antithrombotic therapy remains a cornerstone of man-
agement. Current guidelines strongly recommend anti-
coagulation therapy for patients at an increased risk of 
thromboembolic events, as stratified by the CHA₂DS₂-VA 
scoring system [2, 3]. However, despite clear guideline-
based recommendations, discrepancies in the initiation of 
anticoagulation therapy persist in clinical practice.

Sex differences in cardiovascular disease management 
have been extensively reported, with multiple studies 
indicating that female patients with AF often receive less 
aggressive treatment compared to their male counterparts 
[4]. Women with AF generally have a higher CHA₂DS₂-
VASc Score than men due to the inclusion of female sex 
as a risk factor, resulting in a greater estimated stroke 
risk [5]. Despite this, research suggests that women are 
less likely to receive antithrombotic therapy, which may 
be attributed to physician prescribing behavior, patient-
related factors, or broader systemic issues [4, 5].

This study was designed to investigate potential differ-
ences in antithrombotic therapy initiation among newly 
diagnosed AF patients in Germany. By analyzing real-world 
prescription patterns, we aim to delineate the determinants 
influencing anticoagulation decisions and identify opportu-
nities for improving adherence to guideline-based therapy. 
Addressing sex disparities in AF management is crucial for 
optimizing patient outcomes and ensuring equitable stroke 
prevention strategies [6].

Methods

Database

This retrospective study utilized the Disease Analyzer data-
base (IQVIA™), which includes anonymized data from 
3000 general and specialist practices in Germany [7]. The 
database is representative of outpatient practices and has 
been employed for several published studies on AF [8, 9]. 
This analysis included data from all 118 office-based cardi-
ology practices contained in the IQVIA Disease Analyzer 
database. While the database comprises approximately 3000 
general and specialist practices across Germany, it contains 
only these 118 cardiology practices nationwide, representing 
the complete population of office-based cardiologists within 
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the dataset. Most participating sites are single-specialty 
outpatient clinics. General practitioners were deliberately 
excluded to focus exclusively on therapy initiation by car-
diology specialists.

Study population and outcome

The selection of the cohort for this study is depicted in 
Fig. 1. Patients aged ≥ 18 years with a first-time AF diag-
nosis (ICD-10: I48.0, I48.1, I48.2, I48.9) documented 
between 2010 and 2023 and with a sex-adjusted CHA₂DS₂-
VASc score (CHA₂DS₂-VA score) ≥ 1 were included. Those 
with prior antithrombotic therapy or history of stroke were 
excluded to isolate new treatment decisions. The outcome of 
interest was the prescription of vitamin K antagonists, direct 
thrombin inhibitors, or direct factor Xa inhibitors within 30 
days of AF diagnosis, which was analyzed by sex. The pro-
portion of treated patients was determined by dividing the 
number of individuals with active prescriptions by the total 
number of patients diagnosed with atrial fibrillation.

The Disease Analyzer database does not capture details 
on AF subtype (paroxysmal, persistent, or permanent), diag-
nostic method (e.g., ECG, Holter monitoring), or whether 
the AF was symptomatic or asymptomatic. As a result, anal-
yses stratified by AF type, AF burden, or symptom presenta-
tion could not be performed.

Since patients who do not receive therapy from a cardiol-
ogist after diagnosis are typically considered lost to follow-
up, we opted not to employ Kaplan–Meier methodology, as 
its use would significantly overestimate the proportion of 
treated patients.

Statistical analyses

Baseline characteristics of female and male study patients 
were compared using Chi-squared tests using Chi-squared 
tests for categorical variables, the student’s t-test for data for 
continuous data with normal distribution and the Wilcoxon 
signed-rank test for continuous data that did not follow a 
normal distribution. Furthermore, Chi-squared tests were 
used to compare prescription rates between sex across age 
and CHA₂DS₂-VA groups. Multivariable logistic regression 
models estimated odds ratios (ORs) and 95% confidence 
intervals (CIs) for the association between sex and therapy 
initiation, adjusting for age, CHA₂DS₂-VA Score, and health 
insurance coverage. A p-value of < 0.01 was considered sta-
tistically significant.

Ethics

Our research protocol was evaluated by the local ethics 
committee of Christian-Albrechts-University (CAU) Kiel, 
Germany; since we used only anonymized data that could 
not be traced back to individual persons, it was confirmed 
that it was not necessary to obtain informed consent from 
individual patients to participate in the study (file reference 
D413/21 of the CAU ethics committee).

Results

The study included a total of 166,005 patients diagnosed 
with AF, of whom 74,755 were female and 91,250 were 
male. Female patients were significantly older than their 
male counterparts, with a mean age of 76.2 years com-
pared to 73.2 years (p < 0.001). They however had a similar 
median CHA2DS2-VA Score (2). Additionally, females were 
less likely to have private health insurance (5.2% vs. 10.7%, 
p < 0.001), which may have influenced treatment accessibil-
ity (Table 1).

Antithrombotic prescription rates

Overall, antithrombotic therapy was initiated in 13.2% of 
female patients and 15.5% of male patients within 30 days 
of AF diagnosis (p < 0.001). Of them, only 11.7% received 
Vitamin K antagonists since 88.3% received DOAC.

The difference in prescription rates remained significant 
across all age groups and CHA₂DS₂-VA Score categories.Fig. 1   Selection of study patients
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Prescription rates for each age group include all patients 
in that category, regardless of whether they met the guide-
line-based CHA2DS2-VASc threshold for anticoagulation. 
Given the high prevalence of comorbidities and age-related 
risk factors, it is highly likely that the vast majority of 
patients met the guideline indication, although this analysis 
was based on age grouping alone.

•	 Among patients under 65 years, 11.4% of women and 
14.0% of men received antithrombotic therapy.

•	 In the 65–74 age group, the prescription rates were 14.3% 
in females and 16.2% in males.

•	 For patients aged 75 and older, therapy initiation was 
recorded in 13.0% of women and 15.9% of men.

When analyzed by CHA2DS2-VA Score groups:

•	 In patients with a score of 1–2, the prescription rates 
were 11.7% for females and 14.2% for males.

•	 Among those with a CHA2DS2-VA Score of 3, 12.8% of 
women and 15.6% of men received treatment.

•	 Among those with a CHA2DS2-VA Score of 4, 13.7% of 
women and 17.1% of men received treatment.

•	 In the highest risk category (CHA2DS2-VA Score ≥ 5), 
therapy was prescribed to 14.0% of females and 18.4% 
of males (Fig. 2).

Finally, the proportion of antithrombotic therapy 
increased from period 2010–2013 years (8.8% in women, 

Table 1   Baseline characteristics 
of the study sample

Proportions of patients given in % unless otherwise indicated. SD, standard deviation; IQR, interquartile 
range
*Chi-squared test for categorical data, Student’s t-test for continuous data with normal distribution, Wil-
coxon signed-rank test for continuous data without normal distribution

Variable Proportion among female 
patients (%)
N = 74,755

Proportion among male 
patients (%)
N = 91,250

P value*

Age (mean, SD) 76.2 (8.5) 73.2 (9.7)  < 0.001
Age < 65 6.285 (8.4) 15,631 (17.1)  < 0.001
Age 65–74 21,724 (29.1) 29,780 (32.6)
Age ≥ 75 46,746 (62.5) 45,839 (50.2)
Year 2010–2013 13,949 (18.7) 16,549 (18.2) 0.011
Year 2014–2017 21,176 (28.3) 25,679 (28.1)
Year 2018–2020 19.401 (25.9) 24,123 (26.4)
Year 2021–2023 20,229 (27.1) 24,899 (27.3)
Private health insurance coverage 3898 (5.2) 9.787 (10.7)  < 0.001
CHA₂DS₂-VA Score (median, IQR) 3 (2) 3 (2) 0.004
CHA₂DS₂-VA Score: 1–2 30.573 (40.9) 38,476 (42.2)  < 0.001
CHA₂DS₂-VA Score: 3 20.731 (27.7) 22,792 (25.0)
CHA₂DS₂-VA Score: 4 13,462 (18.0) 16,709 (18.3)
CHA₂DS₂-VA Score: 5 +  9989 (13.4) 13,273 (14.5)
Diagnoses documented within 12 months 

prior to or on index date
Obesity 10.353 (13.9) 12,427 (13.6) 0.174
Type 2 diabetes 11,685 (15.6) 17,437 (19.1)  < 0.001
Hypertension 45,402 (60.7) 54,118 (59.3)  < 0.001
Dyslipidemia 15,684 (21.0) 22,889 (25.1)  < 0.001
Heart failure 17.801 (23.8) 24,976 (27.4)  < 0.001
Ischemic heart diseases 16,137 (21.6) 32,772 (35.9)  < 0.001
History of stroke 6751 (9.0) 8.539 (9.4) 0.022
History of pulmonary embolism 1137 (1.5) 1180 (1.3)  < 0.001
Venous embolism and thrombosis 1307 (1.8) 1437 (1.6) 0.006
History of gastrointestinal bleeding 104 (0.1) 184 (0.2) 0.002
Drugs prescribed within 12 months prior 

to or on index date
Prescription of aspirin 1513 (2.0) 3111 (3.4)  < 0.001
Prescription of clopidogrel 751 (1.0) 1952 (2.1)  < 0.001
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10.2% in men) to 2021–2023 (15.2% in women, 18.2% in 
men).

Association between sex and therapy initiation

Multivariable logistic regression analysis confirmed a statis-
tically significant association between female sex and lower 
odds of receiving antithrombotic therapy (OR: 0.89; 95% 
CI: 0.86–0.91, p < 0.001). The disparity was particularly 
pronounced among patients with a CHA₂DS₂-VA Score ≥ 5 
(OR: 0.81; 95% CI: 0.77–0.86), suggesting that even among 

those at highest stroke risk, females were less likely to 
receive antithrombotic therapy (Table 2).

Discussion

This study highlights significant sex differences in the initia-
tion of antithrombotic therapy among patients with incident 
AF. Although clinical guidelines recommend early antico-
agulation to reduce thromboembolic risk, women were less 
likely than men to receive this treatment within 30 days of 
diagnosis. This disparity was evident across all age groups 

Fig. 2   Proportion of AF patients initiated on antithrombotic therapy within 30 days of diagnosis, stratified by sex

Table 2   Association between 
female sex and antithrombotic 
drug prescriptions in patients 
with atrial fibrillation monitored 
in cardiology practices in 
Germany (multivariable logistic 
regression models)

*Multivariable logistic regression adjusted for age, CHA₂DS₂-VA Score, and private health insurance cov-
erage
**Multivariable logistic regression adjusted for CHA₂DS₂-VA Score and private health insurance coverage
***Multivariable logistic regression adjusted for age and private health insurance coverage

Patient group Odds ratio (95% CI) P value

Total* 0.89 (0.86–0.91)  < 0.001
Patients aged 65 years** 0.87 (0.80–0.95)  < 0.001
Patients aged 65–74 years** 0.96 (0.91–1.00) 0.071
Patients aged ≥ 75 years** 0.85 (0.82–0.89)  < 0.001
Patients with CHA₂DS₂-VA Score: 1–2*** 0.93 (0.89–0.97) 0.002
Patients with CHA₂DS₂-VA Score: 3*** 0.94 (0.89–0.99) 0.018
Patients with CHA₂DS₂-VA Score: 4*** 0.80 (0.75–0.86)  < 0.001
Patients with CHA₂DS₂-VA Score: 5 + *** 0.81 (0.77–0.86)  < 0.001
Year 2010–2013* 0.89 (0.82–0.97) 0.004
Year 2014–2017* 0.89 (0.85–0.94)  < 0.001
Year 2018–2020* 0.87 (0.82–0.92)  < 0.001
Year 2021–2023* 0.85 (0.81–0.90)  < 0.001
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and CHA2DS2-VA score categories, with increasing discrep-
ancy for patients considered to be at higher risk (Fig. 3).

Low rate of antithrombotic therapy initiation

One notable finding of this study is that only 13.2% of 
female patients and 15.5% of male patients received 
antithrombotic therapy within the first 30 days following AF 
diagnosis. Several factors could contribute to this relatively 
low prescription rate. Besides gaps in knowledge and vary-
ing interpretations of treatment protocols, physicians may be 
cautious about prescribing anticoagulants due to concerns 
about bleeding risks, particularly in elderly patients or those 
with multiple comorbidities. Notably, patients with a higher 
CHA2DS2-VA score often present an elevated HAS-BLED 
score, which can lead to hesitancy in prescribing anticoagu-
lants, further complicating the decision-making process as 
clinicians weigh the benefits of stroke prevention against 
potential hemorrhagic complications [10, 11].

Another factor may be the budgeting constraints in clini-
cal practice, where financial considerations limit the pre-
scription of anticoagulants, particularly for patients with 
intermediate CHA₂DS₂-VA scores.

Compared to other European countries with simi-
lar healthcare systems, our observed initiation rates of 
antithrombotic therapy in AF patients are markedly lower. 
Registry data from Denmark [12] show that OAC adherence 
in eligible AF patients increased from 53% in 2013 to 78% in 
2022. In the Netherlands, registry data indicate persistence 
rates above 70%, with apixaban users showing up to 84% 
adherence after one year [13]. In Finland, OAC initiation 

was recorded in 71.6% of all incident AF patients, with 
higher rates among high-stroke-risk patients [14]. These 
cross-country differences are likely to reflect variations in 
the implementation of guidelines, prescribing habits, reim-
bursement structures and the division of care responsibilities 
between general practitioners and specialists. It is essential 
to understand these systemic and cultural factors in order to 
address the relatively low initiation rates in Germany.

The role of the treating physician may also contribute 
to the observed prescription patterns. Our study focuses 
exclusively on data from cardiology practices, but previous 
studies suggest that general practitioners play an essential 
role in initiating antithrombotic therapy for AF patients [15].

Another important consideration is patient decision-
making and preferences. Some patients may decline antico-
agulation due to concerns about side effects or the need for 
regular blood monitoring, particularly in the case of vitamin 
K antagonists [16]. Ensuring patient education and address-
ing concerns about anticoagulation side effects may help 
improve adherence to guideline recommendations.

Differences in prescription rates for CHA₂DS₂‑VA 
scores of three or four

The finding that the prescription rate is low among patients 
with a CHA2DS2-VA score of three or four is a particu-
larly striking one. Although current guidelines advocate 
antithrombotic therapy for these patients, there is consider-
able variation in prescription practices, which may be due to 
a lack of clarity amongst medical practitioners regarding the 
net clinical benefit of treatment. This hesitation may be more 

Fig. 3   Sex differences in 
antithrombotic therapy initiation 
after atrial fibrillation diagnosis 
in Germany (2010–2023). Data 
from 166,005 patients diag-
nosed by cardiologists in 118 
outpatient practices. Women 
were older (mean 76.2 y) than 
men (mean 73.2 y) but had the 
same median CHA₂DS₂-VA 
score (2). Within 30 days of 
diagnosis, antithrombotic 
therapy was prescribed in 13.2% 
of women and 15.5% of men. 
Multivariable analysis showed 
lower odds of treatment initia-
tion in women (OR: 0.89; 95% 
CI: 0.86–0.91, p < 0.001)
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pronounced among older patients or those with additional 
health concerns [17].

Systemic factors and sex disparities in AF treatment

In addition to individual treatment decisions, systemic fac-
tors also influence anticoagulation rates. Regional variations 
in healthcare implementation, reimbursement policies, and 
access to specialist care play a role in determining prescrip-
tion patterns. Research has shown that privately insured 
patients are more likely to receive guideline-adherent 
antithrombotic therapy compared to those covered by statu-
tory insurance [18].

The 2024 ESC guidelines introduced a revised version 
of the CHA₂DS₂-VASc score, now termed CHA₂DS₂-VA, 
which excludes female sex as a formal scoring component 
[3]. This revision reflects the recognition that female sex 
alone does not confer additional stroke risk in the absence 
of other risk factors, and should instead be regarded as a 
risk modifier. While previous versions may have led to 
inconsistent prescribing behavior—particularly in low-risk 
women—the updated score aims to simplify the decision-
making process by clearly identifying truly low-risk patients 
(i.e., CHA₂DS₂-VA = 0), for whom oral anticoagulation is 
not recommended.

The continued increase in prescriptions for antithrombotic 
drugs until 2023 is likely due to a combination of the avail-
ability of DOACs, evolving clinical guidelines, improved 
reimbursement frameworks, increased awareness among 
the public and professionals, and extensive real-world data 
confirming their superiority over VKAs in terms of safety, 
efficacy and patient compliance.

Understanding sex differences in antithrombotic 
therapy

Studies have consistently reported that female AF patients 
are less likely to receive anticoagulation therapy than male 
patients, despite having a higher overall stroke risk [11, 19, 
20]. Several factors may contribute to this discrepancy. One 
possible explanation is the variation in risk assessment, 
where certain clinical characteristics in women may influ-
ence anticoagulation decisions. Additionally, women are 
often older at the time of AF diagnosis and have a higher 
prevalence of comorbidities, potentially influencing pre-
scribing behaviors [17].

The existence of disparities in cardiovascular care 
access has been demonstrated to be a contributing factor 
to observed differences in treatment approaches. A higher 
proportion of female patients are managed in primary care 
settings as opposed to by specialists, with the treatment 
approaches of the latter being known to differ [21]. Physician 
biases, differences in symptom presentation, and variations 

in patient adherence could further impact anticoagulation 
decisions [16].

Recent evidence has provided strong justification for re-
evaluating the role of female sex in the CHA₂DS₂-VASc 
score. Yoshimura et al. [22], using a large UK registry, 
showed that the modified CHA₂DS₂-VA score (excluding 
the sex component) maintained equivalent predictive per-
formance for thromboembolic events when compared to 
the original CHA2DS₂-VASc score. Importantly, the study 
suggested that the statistical contribution of female sex to 
risk discrimination was minimal and likely not clinically 
meaningful.

Adding to this, Teppo et al. [23] demonstrated that the 
association between female sex and ischemic stroke has pro-
gressively weakened over time and was no longer evident 
in recent years. Teppo et al. [24] further identified that sex 
disparities in oral anticoagulant use have persisted over more 
than a decade, even as treatment options (e.g., DOACs) and 
clinical guidelines evolved.

Lip et al. [25] have argued that removing the sex compo-
nent from the CHA₂DS₂-VASc score could help standard-
ize decision-making and reduce ambiguity, particularly in 
borderline cases.

Taken together, this redefinition may support more con-
sistent risk assessment and prescribing decisions. However, 
it remains uncertain whether removing female sex from the 
scoring algorithm will reduce undertreatment in women, 
especially since sex-based disparities were already present 
under the previous CHA₂DS₂-VASc system. Therefore, 
while the CHA₂DS₂-VA score may streamline classification, 
additional measures, such as clinician education and aware-
ness, are likely necessary to ensure equitable application of 
guideline-based therapy in clinical practice.

Limitations

While this study provides valuable insights into sex dif-
ferences in antithrombotic therapy initiation among AF 
patients, several limitations should be acknowledged. First, 
our dataset lacks information on important lifestyle factors 
such as smoking status, alcohol consumption, and physi-
cal mobility. Additionally, due to unavailability of mor-
tality data, we were unable to assess the potential impact 
of variations in treatment initiation on long-term survival 
outcomes. In addition, the lack of data on AF subtype, AF 
burden, and symptom status is a limitation, as these factors 
may affect a physician’s decision to initiate antithrombotic 
therapy and could contribute to the low overall prescription 
rates observed.

Furthermore, it is possible that the prescribing behav-
ior of treating physicians may also influence the observed 
prescription patterns. Patients in this study are observed 
exclusively within a single practice; consequently, any 
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prescriptions issued by external physicians are not docu-
mented. Consequently, if anticoagulants were prescribed by 
general practitioners outside of cardiological specialist set-
tings, our data may not fully reflect the complete scope of 
antithrombotic therapy initiation.

Conclusion

The findings of this study highlight critical differences in the 
initiation of antithrombotic therapy among patients with AF 
in Germany. While clinical guidelines recommend the pre-
scription of anticoagulation in eligible patients, real-world 
data suggest that prescribing patterns may be influenced 
by multiple factors beyond clinical risk scores alone. It is 
essential to understand these variations in order to improve 
adherence to evidence-based recommendations and optimize 
patient outcomes. Addressing disparities in antithrombotic 
therapy requires a multifaceted approach, including clini-
cian education, patient engagement, and healthcare system 
interventions.

Further research is needed to explore the underlying driv-
ers of these differences and to develop targeted strategies 
that ensure all patients receive optimal and equitable care. 
Our findings provide a foundation for future investigations 
and underscore the importance of continued efforts to bridge 
the gap between guidelines and clinical practice.
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