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ABSTRACT
Objectives: To assess the comparative budget and health impact of lower-dose dabigatran 
versus reduced doses of apixaban and rivaroxaban in atrial fibrillation (AF) patients eligible for 
a lower-/reduced-dose due to individual patient characteristics in the Netherlands.
Methods: A budget impact model was developed in accordance with ISPOR guidelines. A 3-year- 
time horizon was considered, and analyses were conducted from a Dutch healthcare payer’s 
perspective. The model applies published data to local AF-epidemiology, allowing calculations to 
estimate clinical events (strokes and haemorrhages) and costs. The analyses were based on real- 
world outcomes from patients with AF receiving a first direct oral anticoagulant (DOAC) prescrip
tion for low-dose dabigatran (110 mg) and a reduced dose of apixaban (2.5 mg) or rivaroxaban 
(15 mg). Two situations of switching treatments from one to another DOAC were modelled: 
switching from apixaban to dabigatran and from rivaroxaban to dabigatran. Base case results 
were given as savings per 100 patient-year, per total Dutch population, and events avoided. 
A univariate sensitivity analysis was conducted to explore the uncertainty around epidemiological 
and event costs input data. Scenario analyses were performed to estimate the effect of different 
market shares and potential price reductions due to future patent expiry for the total real-world 
population from the Netherlands.
Results: The 3-years outcomes of switching patients eligible for a lower-/reduced-dose due to 
individual patient characteristics from apixaban or rivaroxaban to dabigatran resulted in cost 
savings estimated at €157 or €72 thousand per 100 patient-years, respectively, or €146 million per 
total Dutch population. Looking into the clinical events, dabigatran reflected the lowest number 
of mortalities, ischemic strokes, major bleeding, non-major bleeding, and haemorrhagic stroke 
compared to apixaban and rivaroxaban. The sensitivity analysis consistently reflected cost sav
ings, with the ischeamic stroke events having the biggest impact. Accounting for the Dutch 
situation, both scenarios showed total savings ranging from €45 to €229 million over 3 years.
Conclusions: Switching eligible AF-patients from reduced-dose apixaban or rivaroxaban to 
lower-dose dabigatran has the potential to reduce healthcare payer’s budget expenditures and 
provide health gains. Cost savings can potentially be further enhanced by market share adjust
ments and further price reductions.
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Introduction

Atrial fibrillation (AF) is ‘a supraventricular tachyarrhythmia 
with uncoordinated atrial electrical activation and conse
quently ineffective atrial contraction, which Electro 
cardiographic characteristics include irregular R-R intervals 
(when atrioventricular conduction is not impaired), absence 
of distinct repeating P waves, and irregular atrial activations’ 
[1]. AF is the most common cardiac arrhythmia in adults, 
affecting up to 1% of the population worldwide [2,3], with 

North America and Europe as leading regions concerning 
numbers patients [4]. In Europe, a growing trend exists in 
AF patients, indicating that from 2000 to 2060, AF-cases 
among adults above 55-years-old will be doubled [5]. In the 
Netherlands, this corresponds to an increase of AF- 
prevalence among the Dutch population from 1.6% to 
3.2%, particularly among populations over 75-years-old [5].

The available treatments for stroke prevention in AF 
patients include the well-established vitamin K anta

CONTACT Tanja Fens t.fens@rug.nl Department of Health Sciences, University Medical Center Groningen, University of Groningen, Groningen 9713 
GZ, The Netherlands

JOURNAL OF MARKET ACCESS & HEALTH POLICY
2023, VOL. 11, 2247719
https://doi.org/10.1080/20016689.2023.2247719

© 2023 Health-Ecore B.V.Utrechtseweg 603704 HE ZeistThe Netherlands. Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been 
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0003-3995-447X
http://orcid.org/0000-0001-8814-0670
http://orcid.org/0009-0006-9397-450X
http://orcid.org/0000-0002-1190-2638
http://orcid.org/0000-0002-6306-3653
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20016689.2023.2247719&domain=pdf&date_stamp=2023-08-31


gonists (VKA) (i.e., warfarin, phenprocoumon, or aceno
coumarol), the direct oral anticoagulants (DOAC) (i.e., 
dabigatran etexilate, rivaroxaban, apixaban, and edox
aban) or combinations [1]. The first are used for dec
ades, relevantly reducing the stroke risk [6], while 
requiring continuous INR monitoring. As warfarin is 
a mixture of R- and S-warfarin enantiomers, metabo
lized by different CYP P450 cytochromes, interaction 
with other medications may easily alter warfarin meta
bolism and influence its efficacy as well as potential 
interactions with food may emerge [7]. The DOACs 
were introduced to overcome these limitations of war
farin, as well as further enhance efficacy and safety. 
Dabigatran etexilate [8] acts as direct thrombin inhibi
tor, while rivaroxaban [9], apixaban [10] and edoxaban 
[11] are direct factor Xa inhibitors. DOACs are less likely 
to interact with other medications and food, are more 
convenient for patients to use in the absence of requir
ing continuous monitoring and report potential 
enhanced efficacy, and safety [12]. Available lower-/ 
reduced-dose regimens for DOACs provide dosing flex
ibility. Dose reduction criteria for dabigatran (110 mg 
twice a day) include elderly patients (>80 years), con
comitant use of verapamil or increased bleeding risk; 
for apixaban (2.5 mg twice a day), at least two of these 
criteria, elderly patients (>80 years), body weight ≤60 kg 
or serum creatinine ≥1.5 mg/dL; for rivaroxaban (15 mg 
once a day), when the estimated glomerular filtration 
rate (eGFR) is 15–49 ml/min or for edoxaban (30 mg 
once a day) if any of these criteria is fulfilled, 15–50  
ml/min eGFR, body weight ≤60 kg, or concomitant use 
of dronedarone, ciclosporin, erythromycin or ketocona
zole [1]. Particularly, lower-dose dabigatran 110 mg has 
been thoroughly studied in prospective clinical trials on 
the use of DOACs in patients with AF [13,14].

The current European Society of Cardiology (ESC) guide
lines for the diagnosis and management of atrial fibrillation 
endorse DOACs as the preferred option in the treatment of 
AF-patients based on their efficacy, safety, and ease of use 
[1]. Besides the recommendations of the existing guide
lines, an inappropriate dosing of DOACs in treating AF 
patients is not uncommon, highlighting the need for 
proper dosing [1,15]. Underdosing with DOACs may lead 
to an increased risk of stroke while overdosing potentially 
leads to major bleeding [15]. The availability of DOACs in 
lower-/reduced-doses was shown to be more suitable for 
patients with increased risk of bleeding [16]. An observa
tional cohort study showed that the lower-dose dabigatran 
has lower rates of bleeding compared to the reduced doses 
of apixaban and rivaroxaban [17]. Such safety advantages 
might be embraced with a potential switch within the 
DOACs class and lead to possible cost savings. Moreover, 
comparing the DOACs with each other can provide 

information for making the right treatment choice. 
Existing economic analyses [18–21] show favourable cost- 
effectiveness or cost savings by switching from VKA to 
DOAC-treatments or from one DOAC to another (e.g., rivar
oxaban to dabigatran) [22,23] for AF-patients using stan
dard (higher) doses. While the standard (higher) doses of 
AF-treatments with DOACs are well studied [18], the costs 
and health effects of lower-/reduced-dose DOACs still lar
gely remain unknown.

The objective of this study was to assess the comparative 
budget and health impact of lower-dose dabigatran versus 
reduced doses of apixaban and rivaroxaban in AF patients 
eligible for a lower-/reduced-dose due to individual patient 
characteristics in the Netherlands.

Methods

Study design

An Excel-based cost-calculator model was designed to 
perform a budget impact analysis (BIA) in accordance 
with the Dutch budget impact calculation recommen
dation in the guideline for economic evaluations in 
healthcare and the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) 
Task Force report Budget Impact Analysis-Principles of 
good Practice [24,25]. In brief, the items involve infor
mation about objectives, epidemiology and manage
ment of health problem, clinical impact, economic 
impact, study design, patient population, intervention 
mix, time horizon, perspective, analytic framework, 
input data, data sources, analyses, uncertainty, budget 
period resource use, cost and clinical impact, uncer
tainty and scenario analyses, main conclusion and lim
itations. Items within these ISPOR guidelines are given 
as supplemental material. The model allows calcula
tions based on clinical event rates and costs, as well 
as medication costs when switching treatments from 
one DOAC to another (i.e., from apixaban or rivaroxa
ban to dabigatran) per 100 patients year and further 
per Dutch population as a whole.

Patient population

This study considered non-valvular AF-patients eligible 
for lower-dose treatment of DOACs. Patients with pre
scriptions for standard-dose oral anticoagulants were 
not considered. The population data was taken from 
nationally published data [26–28], and a Danish real- 
world study on patients (nationwide population) with 
non-valvular atrial fibrillation receiving a first prescrip
tion for a lower-/reduced-dose of dabigatran, apixa
ban, or rivaroxaban [17]. In the study [17], inverse
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probability treatment weighting was applied by calcu
lating propensity scores for the treatment alternatives 
across the study population. Estimations of the patient 
population in Dutch settings are given in Figure 1. We 
identified the users of the anticoagulants given with 
the following ATC codes: B01AA, B01AE, and B01AF in 
3 years (2023, 2024, and 2025), accounting for popula
tion growth through the years [29]. 80% of this popu
lation were with AF-indication, of which 72% (mean 
value estimate over 10 years from 2017 to 2026) were 
DOACs users [28,30]. From those, 13% were B01AE07 
(dabigatran), 36% B01AF02 (apixaban), 40% B01AF01 
(rivaroxaban), and 11% B01AF03 (edoxaban), based on 
the same average over 10 years, and assumed to be 
stable over the years [30]. Finally, we accounted for the 
proportion of lower-/reduced-dose users for each 
DOAC: 52% of dabigatran users, 30% of apixaban 
users, and 25% of rivaroxaban users [31]. Highest per
centage of lower-dose users of dabigatran in the clin
ical practice in the Netherlands might be owed to 
various factors such as 1) individual patient character
istics, 2) having officially registered lower-dose form, 3) 
availability of a specific antidot (idarucizumab) and 4) 
better evidence for its use delivered from the existing 
clinical trials [8,32]. 

Intervention mix

The model concerns interventions with DOACs given 
for the treatment of stroke prophylaxis for AF. We 
considered specifically indicated lower or reduced 

dose DOAC formulations such as dabigatran 110 mg, 
twice-a-day, apixaban 2.5 mg twice-a-day, or rivaroxa
ban 15 mg once-a-day.

In the base case, where we present outcomes per 
100 patient-year, two situations were observed as 
a new intervention mix. First, switching 100% of the 
patients on treatment with reduced-dose apixaban to 
lower-dose dabigatran, and second, switching 100% of 
treatment with reduced-dose rivaroxaban to lower-dose 
dabigatran. When expressing the results per total Dutch 
population, the new intervention mix accounted for 
switching 100% of the patients on treatment with 
reduced-dose apixaban and rivaroxaban to lower-dose 
dabigatran.

In scenario analyses, we present outcomes per 
Dutch population. As edoxaban was registered later 
than the other three DOACs, real-world data about 
the clinical events on this DOAC are still scarce, and 
edoxaban was excluded from our current analysis. 
The new intervention mix reflected low uptake 
(15%, 30%, 45%) and high uptake (30%, 60%, 90%), 
switching scenarios in years one, two, and three 
accordingly. The number of patients for the current 
and new intervention mix in scenario analyses is 
given in the Appendix (Table A1).

Time horizon and perspective

A 3-year-time horizon was applied, in line with the 
Dutch budget impact calculation recommendation in 
the guideline for economic evaluations in healthcare

• 728408 (Y1)
• 755,469 (Y2)
• 782,530 (Y3)

Users of an�coagulants avaliable in the Netherlands

• 582,726 (Y1)
• 604,375 (Y2)
• 626,024 (Y3) 

AF users of

VKA and DOACs

• B01AE07i 75,754 (Y1); 78,569 (Y2); 81,383 (Y3) 
• B01AF02i 209,781 (Y1); 217,575 (Y2); 225,369 (Y3) 
• B01AF01 233,090 (Y1); 241,750 (Y2); 250,410 (Y3)

• B01AF03 64,100 (Y1); 66,481 (Y2); 68,863 (Y3)

AF users of DOACs 

• B01AE07: 39,609 (Y1); 41,081(Y2); 42,552 (Y3) 
• B01AF02: 63,934 (Y1); 65,273 (Y2); 67,611 (Y3)
• B01AF01 57,806 (Y1); 59,954 (Y2); 62,102 (Y3) 
• B01AF03 22,691 (Y1); 23,534 (Y2); 24,377 (Y3) 

AF users of low-
/reduced-

dose 
DOACs 

Figure 1. Patient population estimations in Dutch settings.
Note: DOAC – direct oral anticoagulant; VKA – Vitamin K-antagonists; ATC code – Anatomical Therapeutic Chemical code; B01AE07 (dabigatran); 
B01AF02 (apixaban); B01AF01 (rivaroxaban); B01AF03 (edoxaban). 

*edoxaban is not included in this analysis. 
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[33] and the ISPOR Task Force report Budget Impact 
Analysis-Principles of good Practice [24,25]. Results 
were given per year (2023, 2024, and 2025) and aggre
gated after the 3 years of intervention, with no dis
counting applied [24,25].

The analyses were conducted from a Dutch health
care payer’s perspective. Only direct healthcare costs 
were included (notably, clinical event and medication 
costs), as recommended by the guidelines [24,25,33].

Analytic framework description

The analytic framework is explained through a model 
flow diagram (Figure 2). The eligible population for 
entering the model included the lower-/reduced-dose 
DOAC users based on individual patient 

characteristics. These populations were accounted 
for in a situation of switching all reduced-dose apix
aban users to lower-dose dabigatran users or 
a situation of switching all reduced-dose rivaroxaban 
users to lower-dose dabigatran users. These situa
tions could (partly) occur simultaneously and there
fore results of both situations can potentially be 
(partly) aggregated, as explored in a scenario 
analysis.

Clinical events included in the model were ischae
mic strokes, haemorrhagic stroke, major bleeding, 
non-major bleeding, and systemic embolism. The 
event risks in the first year differ from the event 
risks in the second and third year (generally decreas
ing from first to subsequent years) [17]. Mortality 
differences between DOACs were not included as
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Year 1 
2023

Total cost per 100 patients a year =
SUM [costs per clinical event] + [medication costs x 365 x 100]

Total cost saved per 100 patients a year
apixaban -> dabigatran

Total cost saved per 100 patients a year
rivaroxaban -> dabigatran

Year 3 
2025

Year 2 
2024

Figure 2. Model flow diagram.
Note: DOACs – direct oral anticoagulants; Y – year. 

*To be noted that long-term stroke is a post-stroke state that we account for costs effects. 
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basis in the event-cost calculations per 100 patient- 
year to avoid the artefact of differences in budget 
requirements (less patients = less costs) [17]. The 
impact on mortality was, however, included when 
reflecting calculations per Dutch population and the 
clinical/health impact. The model accounts for two 
types of cost: cost per clinical event and medication 
cost. The costs per clinical event and medication cost 
were assumed to be the same through the 3-year- 
time horizon. The final model outcomes reflect bud
get impact per 100 patient-year after one, after two, 
and after 3 years (2023–2025) in total. In addition to 
this, we present the cost and health impact per 
Dutch population.

Input data and data sources

The model input data was taken from published 
national sources identified through a literature search 
in PubMed using the key words ‘Dutch OR 
Netherlands’ and ‘DOAC OR NOAC’ (see the search 
results in the supplemental material), related citations, 
as well as Dutch health-related sources available online 
(Table 1). Clinical event costs were taken from pub
lished economic analyses on DOACs [19,39,40], and the 
medication costs were based on official list prices [36– 
38]. All the costs were inflated (using the CCEMG – 
EPPI-Centre Cost Converter v.1.4.) to the 2023 cost year 

[41]. As no published data from real-world evidence 
(RWE) study on DOACs for the Netherlands is available 
(although there are ongoing RWE studies) [42], as 
mentioned, annual rates for clinical events were taken 
from a Danish national study [17]. The market shares 
per DOAC were taken from national sources reflecting 
real-world utilisation of the DOACs in the 
Netherlands [43]. 

Analyses

The BIA-model was used to calculate the cost and 
health impact of future treatment mix with increased 
use of lower-dose dabigatran. Base case-, scenario and 
sensitivity- and analyses were performed, reflecting the 
relation between annual event rates, event costs, and 
medication costs. The clinical outcomes occurrence 
from each product and the potential number of events 
prevented were given for the Dutch situation. Here, we 
also accounted for the effect of mortality. Comparison 
analyses (difference of two proportions) were used to 
show statistical significance comparing avoided mortal
ity cases when using the treatments.

Sensitivity and scenario analyses

Univariate sensitivity analyses were performed to identify 
which epidemiological and event costs input parameter will

Table 1. BIA-model input data.
Dutch population Population size and market shares Ref.

-Population with AF 
-population using DOACs*

80% = 582,726 (Y1); = 604,375 (Y2); = 626,024 (Y3); 
72% = 495228

[30] 
[28]

Clinical events

Rate per 100 patient/year
dabigatran apixaban rivaroxaban

[17]Y1 NY Y1 NY Y1 NY

IS 3.17 2.19 4.42§ 3.27 3.38 2.11
SE 0.14 0.16 0.36 0.18 0.15 0.07
MB 3.31 2.43 4.14 3.74 4.59 3.56
HS 0.28 0.31 0.38 0.33 0.43 0.65
LTS 0.78 0.58 0.98 0.78 1.36 1.26
NMB 10.50 8.22 15.53 14.40 15.81 11.8
Costs

Clinical event cost Costs per event (€, 2023)

IS € 20,983 [34]
SE € 6,100 [35]
MB € 5,640 [35]
HS € 20,983 [34]
LTS € 4,406 [34]
NMB € 35 [35]

Medication costs Costs per day (€, 2023)

apixaban 2.5 mg € 2.24 [36]
dabigatran 110 mg € 1.88 [37]
rivaroxaban 15 mg € 2.15 [38]

Note: AF – atrial fibrillation; DOACs – direct oral anticoagulants; IS – ischaemic stroke; SE – systemic embolism; MB – major bleeding; HS – haemorrhagic 
stroke; LTS – long-term stroke; NMB – non-major bleeding; S – scenario; Y – year. 

*Mean value estimate over 10 years from 2017–2026, based on the same average over 10 years, and assumed to be stable over the years. 
annual rate in year 2 or 3 = (risk after 2.5 years − 0.4 x risk after 1 year)/0.6. 
SLTS costs in Y2&Y3= LTS costs x [(event rate IS in Y1+event rate HS in Y1) + (event rate IS in NY + event rate HS in NY)]. 
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have the biggest impact on the budget impact for the two 
situations given in the base case per 100 patient-year. The 
effect of each individual event rate and event costs on the 
total budget impact was explored while holding the 
remaining parameters constant. Parameters were varied 
one by one for ±25% of their base case value [44]. 
Outcomes were presented in tornado diagrams.

The economic impact was explored in two scenario 
analyses, given per Dutch population. The first scenario 
looked into the effect of the market share of DOACs used 
in the Netherlands in the years 2023, 2024, and 2025. Low- 
and high-market share uptake switches were explored. 
Unlike the base case scenario, where we switch 100% of 
one treatment to another, here we switch simultaneously 
from two treatments to one, with a gradually increasing 
percentage each successive year. The second scenario 
looked into the effect of price changes when using prices 
after patent expiration for all three products analysed. The 
price adjustments were accounting for estimate/factor in 
the first (0.54), second (0.39), and third (0.30) year after 
patent expiry [45].

Results

Economic impact

The cost-savings per 100 patient years were estimated at 
€157 or €72 thousand for 3 years for the switch of reduced 
dose apixaban and rivaroxaban to lower-dose dabigatran, 
respectively. The budget impact is mostly driven by event 
costs. Disintegrated costs per year for each treatment are 
given in Figure 3. The potential total savings for the Dutch 

population (in total 498,924 eligible patients for lower-/ 
reduced-dose apixaban, rivaroxaban, and dabigatran in 3  
years) if all reduced doses of apixaban and rivaroxaban are 
brought to 0, in each of the three observed years, can lead 
to total cost-savings of €146 million in 3 years.

Health/Clinical impact

The clinical events included in the model (ischemic 
stroke, systemic embolism, major bleeding, haemor
rhagic stroke, non-major bleeding) were mainly 
avoided when using lower-dose dabigatran instead 
of reduced doses apixaban or rivaroxaban (Table 2 
and Figure A1). In the case of apixaban patients 
switching to dabigatran, the major bleedings and 
the ischemic strokes contributed the most to the 
prevented parameters. When switching rivaroxaban 
patients to dabigatran, the majority of the avoided 
events were major bleeding in the first year and 
systemic embolism in the second and third year. 
The test for mortality impact showed statistical sig
nificance, confirming that switching patients on 
reduced-dose apixaban or rivaroxaban to lower-dose 
dabigatran significantly reduces mortality.

Sensitivity analyses

The variations around event costs and -ratio para
meters, explored in sensitivity analyses, show consistent 
cost-savings. Results are presented in Figures 4(a) and 
Figure 4(b) for switching 100% of the patients from 
treatment with reduced-dose apixaban to lower-dose

Figure 3. Annual and total treatment costs per 100 patient year in the Netherlands.
Note: Y – year. 
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dabigatran and switching 100% of treatment with 
reduced-dose rivaroxaban to lower-dose dabigatran, 
respectively. These variations were made around the 
base case cost savings of €157 or €72 thousand per 
100 patient-year for both situations. The biggest impact 
is owed to ischemic stroke and major bleeding rates. 
The ranges per input are given in the Appendix 
(Table A2).

Scenario analyses

The market share effect variations indicate potential 
savings up to €90 and €45 million when accounting 
for high – and lower uptake scenario switches of the 
lower-/reduced-dose DOACs. Looking into the effect 
of medicine price reductions due to patent expiry, 
cost savings can go up to €229 million in 3 years 
(Figure 5).

Table 2. Events prevented by switching eligible patients for reduced doses of apixaban and rivaroxaban to lower-dose dabigatran.
Apixaban to dabigatran Rivaroxaban to dabigatran

Event Y1 Y2 Y3 Y1+Y2+Y3 Y1 Y2 Y3 Y1+Y2+Y3

IS 1,526 1,236 1,280 4,043 698 369 382 1,449
SE 171 51 53 275 31 −24 −25 −18
MB 1,294 1,444 1,496 4,235 1,342 1,135 1,176 3,654
HS 128 87 90 305 138 259 268 665
NMB 308 271 281 859 477 517 536 1,530
Mortality 5,615 6,022 6,237 17,874 4,980 3,755 3,890 12,625
TOTAL 9,042 9,110 9,437 27,590 7,667 6,011 6,226 19,904

Note: IS – ischaemic stroke; SE – systemic embolism; MB – major bleeding; HS – haemorrhagic stroke; NMB – non-major bleeding; Y – year. 

€ 100 € 110 € 120 € 130 € 140 € 150 € 160 € 170 € 180 € 190 € 200

Long-term stroke DABI

Long-term S- api-NY

NMB-cost

NMB -dabi-Y1

NMB-api-Y1

NMB -dabi-NY

NMB-api-NY

SE-dabi-Y1

SE-cost

SE-dabi-NY

SE-api-NY

SE-api-Y1

HS-cost

HS-dabi-Y1

HS-api-Y1

HS-dabi-NY

HS-api-NY

MB-dabi-Y1

MB-cost

Long-term cost

MB-api-Y1

MB-dabi-NY

MB-api-NY

IS-cost

IS-dabi-Y1

IS-dabi-NY

IS-api-Y1

IS-api-NY

Thousands
+25% -25%

Figure 4. (a) Tornado diagram from univariate sensitivity analysis for switching 100% of the patients from treatment with reduced- 
dose apixaban to lower-dose dabigatran with base case costs savings €152, varying for ± 25% around the base case values. (b) 
Tornado diagram from univariate sensitivity analysis for switching 100% of treatment with reduced-dose rivaroxaban to lower-dose 
dabigatran with base case costs savings €71, varying for ± 25% around the base case values.
Note: Y – year; NY – next year; riva – rivaroxaban; api – apixaban, dabi – dabigatran, AF – atrial fibrillation; IS – ischaemic stroke; SE – systemic 
embolism; MB – major bleeding; HS – haemorrhagic stroke; LTS – long-term stroke; NMB – non-major bleeding. 
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Discussion

Main findings

Assessing the comparative budget and health impact of 
lower-dose dabigatran versus reduced-dose apixaban and 
rivaroxaban in patients with AF eligible for lower-/reduced- 
dose in the Netherlands reflected costs savings and clinical 
event avoidance. The base case analysis indicated a saving 
of €72 thousand per 100 patients over 3 years when all 
patients using reduced-dose rivaroxaban switch to lower- 
dose dabigatran. These savings were twice as high (€157 
thousand) when switching from reduced-dose apixaban to 
lower-dose dabigatran. In addition to this base-case cost 
savings, the avoidance of undesired events proved bene
ficial in most cases for lower-dose dabigatran. This is 
reflected mainly by ischemic stroke and major bleeding 
events avoided. Over 3 years’ time that equals to more 
than 4000 for both events when switching from apixaban 
to dabigatran or 1,449 ischemic strokes and 3,654 major 
bleedings when switching from rivaroxaban to dabigatran. 

The significant reduction in the number of deaths is an 
additional benefit demonstrated in this study.

The total cost of €952 million over 3 years for the treat
ment of patients with AF who are eligible for lower-/reduced- 
dose DOACs in the Netherlands was mainly driven by the 
events cost. Considering more conservative scenarios, where 
patients gradually switch from reduced doses apixaban and 
rivaroxaban to lower-dose dabigatran, show slightly lower 
budget savings. For example, a low uptake scenario would 
lower the total costs to €907 million and a high uptake to 
€862 million over 3 years, but both still reflecting potential 
savings. In the coming years, it is expected that the DOACs 
registered in the Netherlands would go out of patent. It has 
been shown that medicine prices drop substantially after 
patent expiry in the Netherlands. In particular, for medicines 
with relatively high annual revenues, for example, DOACs, 
this would account for substantial price drop ratios [45]. The 
scenario exploring the effect of patent expiry resulted in 
a decrease in the DOACs budget from €952 million to 
€723 million over 3 years.
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Figure 4. (Continued).
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Interpretation

The national reports evaluating the experiences and costs 
around the use of DOACs imply a need for reducing the 
costs in the future [46]. In fact, in 2020, rivaroxaban and 
apixaban took the top place on the list of medicines with 
the highest expenditures [47,48]. Moreover, as the DOACs 
use increases through the years, expenditures for these 
medicines become a bigger burden for the Dutch health 
budget [49]. Therefore, looking into the budget impact was 
the logical direction for these analyses. The budget and 
health impact of DOACs in patients with AF were 
a research interest in several previous publications reflect
ing the Dutch situation, but all focused on the effect of 
standard dosing [19,35,50–52]. Most of these studies con
sidered comparisons of individual DOACs compared to 
VKAs. For example, Jacobs et al. [52] and Stevanovic et al. 
[19], respectively, showed a favourable cost-effectiveness 
for rivaroxaban and apixaban compared to VKAs. Moreover, 
the cost-effectiveness and monetary benefits of dabigatran 
standard dose in AF were previously demonstrated com
pared to VKAs, showing a favourable cost-effectiveness 
ratio [51,53]. While all these studies made comparisons to 
VKAs, another study [35] showed apixaban to be the one 
with most favourable clinical events when comparing to 
other standard dosing DOACs. Yet, there are no cost data 
available showing the comparisons of lower-/reduced-dose 
DOACs for eligible patients with AF in the Dutch settings.

A recent observational study from Norway comparing 
stroke (systemic embolism) and major bleedings for 
patients using reduced dose DOACs showed favourable 
outcomes for dabigatran compared to apixaban and 

rivaroxaban [54]. This is in line with the clinical inputs we 
used for our analysis, reflecting less stokes and haemor
rhages associated with patients receiving lower-dose dabi
gatran than the ones receiving reduced doses of apixaban 
or rivaroxaban [17]. However, the risks of these studies are 
not directly comparable as Nielsen et al. [17] looked into the 
risks of lower-/reduced-dose of DOACs compared to war
farin, and not to another DOAC medicine, as Rutherford 
et al. [54] did. Another recent patient-level network meta- 
analysis exploring standard and lower-/reduced-dose 
DOACs use in AF compared to warfarin also showed better 
outcomes for preventing haemorrhagic-related events and 
deaths [55]. However, that study accounted for four pivotal 
randomized clinical trials and not for a RWE. Furthermore, in 
a Canadian retrospective cohort study that looked into the 
dose-specific outcomes, it was shown that only the lower- 
dose dabigatran had lower mortality risk compared to 
warfarin, while other DOACs did not show this effect [56].

To consider the time each person in the population is at 
risk for the outcomes of interest, we expressed the results 
per 100 patient-year. This allows for better comparisons 
between different populations and the generalizability of 
the outcomes. However, it does not account for the (growth 
of) the population size. Expressing the results on the popu
lation level provides insight into the impact on the national 
health budget (about €106 billion in 2023) [57], represent
ing 0.1% of the total Dutch healthcare budget. Based on our 
estimations, approximately 31% of the total AF population 
using DOACs are eligible for lower-/reduced-dose of 
DOACs. Though within this percentage, propositions differ 
per DOAC, as they slightly differ in indication. A single-

Figure 5. Scenario analyses.
Note: S1: market share effect with high and lower uptake scenario per Dutch population; S2: medicine prices effect when all patents are expired; 
Y – year. 
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centered prospective study included 86,4% of patients 
using standard dose, leaving 13,6% eligible for lower-/ 
reduced-dose [58]. This study used observations made 
between 2013 and 2017, including 799 patients, of which 
30% were ≥75 years old. We estimated number for the 
situation from 2023 to 2026, including between 580 and 
626 thousand DOAC-users per year, accounting for the 
population growth. The timing and number of participants 
in the study, together with the inclusion criteria, might 
explain the lower proportion of eligible population for 
lower-/reduced-dose compared to our inputs [58]. 
Moreover, the proportion of the 75+ population was 
lower than in our study, which is the age group with the 
most patients eligible for lower-/reduced-dose DOACs. 
Considering our population data source [29] (from 2017 
to 2021), the same age group (≥75 years old) accounts for 
46% of the total AF population. As the population grows 
older, we can expect this percentage to grow further in the 
coming years, including the years considered in our model, 
and with that, to have a higher % of the population eligible 
to lower-/reduced-dose of DOACs.

Prescribing patterns for DOAC medication, market 
shares for dabigatran, apixaban, rivaroxaban, and edoxa
ban were evaluated in five regions of the Netherlands, 
showing that apixaban and rivaroxaban were most fre
quently prescribed [59]. That aligns with our inputs for 
market shares, which we based on public source using 
insurance data, as it better reflects real-word use and does 
not require adherence adjustments [29]. At the beginning 
of the introduction of the DOACs in the Netherlands, the 
uptake of the innovative DOACs was lower compared to 
other European countries, among others, due to a well- 
established network of thrombose-monitoring centers 
[60]. However, seeing the market share percentages 
now, this difference seems to have reduced.

The prices of DOACs used in our model are based on 
list prices, inclusive value-added tax (VAT), and exclu
sive pharmacists fee [36–38]. In the Netherlands, the 
DOACs have been available on the Dutch market for 
more than 10 years since 2008 (dabigatran, apixaban) 
and 2011 (rivaroxaban). On the one hand, one can 
argue that a price decrease can be expected in the 
short term due to patent expiration, loss of market 
exclusivity, and availability of generics. On the other 
hand, the Netherlands is a specific case where the 
Dutch system removed the incentive for price competi
tion allowing generic manufacturers to set their prices 
close to the reimbursement prices, e.g., the generic 
form of apixaban [36,61]. Nevertheless, the literature 
indicates that the number of generic manufacturers 
entering the market may influence the speed of price 
fall [62]. Evidently, medication costs could fluctuate 

over time, potentially impacting its use in practice. We 
explored this effect of price change by following recom
mendations given in a Dutch study on how to decrease 
medication prices in the years after patent expiry. The 
study explored potential price drops based on annual 
revenues to distinguish between different medicine 
categories [45]. Another Dutch study that explored the 
price developments after patent expiry for three differ
ent medicines (enalapril, fluoxetine, and ranitidine) 
observed a decrease in prices indeed [63]. 
Nevertheless, the exact proportions of price decreases 
are not comparable as different medication groups are 
considered. Vondeling et al. [64], exploring the impact 
of patent expiry on medication prices in Europe, indi
cated variations in the price decrees between medica
tions and emphasized the need to use country-specific 
data, as we did in our study. Lastly, while the price can 
contribute to the budget impact, the clinical events and 
corresponding related costs remain the same irrespec
tive of DOACs being a generic or originator.

Strengths and limitations

To our knowledge, this is the first budget and health 
impact model considering DOACs in patients with AF 
that require a lower-/reduced-dose because of their 
patient characteristics (e.g., age or renal function). The 
study accounted for cost as well as for health outcomes 
on a population level (per 100 patient years and for the 
total population in the Netherlands). The effect of mor
tality was also shown for these users. Furthermore, it 
fills the gap for studies that compare DOACs with each 
other rather than DOACs with VKA. Moreover, it com
plements the existing literature by providing results 
based on real-world data instead of the commonly 
used clinical trials. Finally, it better reflects the AF popu
lation in relation to the individual patient characteris
tics, as a substantial proportion requires lower-/ 
reduced-dose DOACs.

Several limitations need to be acknowledged. First, 
relative risk inputs were based on a single RWE study 
conducted in Denmark [17]. This potently alarms selec
tive bias as the population characteristics may differ 
and impact the transferability to other settings. RWE 
studies include heterogeneous populations, and there
fore differences in clinical outcomes can be expected. 
Moreover, differences in clinical outcomes may be 
owed to the different mechanisms of action of the 
DOACs, but also to the comorbidities affecting DOACs 
pharmacokinetics, mainly the renal or hepatic impair
ment and obesity [65]. The use of another study might 
lead to different outcomes. Second, the diagnosis for 
each DOAC slightly differs between lower-dose
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dabigatran or reduced-dose apixaban and rivaroxaban. 
In fact, there are no lower-dose formations of apixaban 
and rivaroxaban, only reduced ones [66]. The reduced 
dose is indicated for patients with two of these three 
conditions, older than 80 years, weight under 60 kg or 
creatinine from 1.5 mg/dL up (apixaban), patients who 
develop acute renal failure (rivaroxaban), while the 
lower-dose of dabigatran is specifically indicated for 
patients in the age group of 75–80 with high bleeding- 
and low thrombotic risk, or patients older than 80 years. 
Nevertheless, all can be given to patients above 80  
years or older with AF, as those have a generally 
increased risk of bleeding [13,67]. These variations in 
dose-reduction criteria, but also the possibility for mis
classification [68], might impact the proportions eligible 
for a switch from one DOAC to another, which we 
explored in scenario analyses. Another limitation is the 
exclusion of the fourth DOAC edoxaban. Including 
edoxaban in the analyses might have had an impact 
on total expenditure. Nevertheless, we did account for 
its share on the market when determining market 
shares of DOACs in the Dutch market.

Implications for practice and policy

Given the evidence in this study, we recommend care
ful targeting of treatments for patients eligible for 
lower-/reduced-dose DOACs. In fact, a study evaluating 
data from the electronic hospital information system in 
a Dutch medical center showed that reduced-dose 
DOAC was a predictor for incorrect prescribing: 11% 
of the patients received an inappropriate dose, of 
which 4,5% received a standard dose while being eli
gible for lower-/reduced-dose [68]. More research is 
needed to fully understand the impact of different 
doses on patient outcomes. Furthermore, we should 
not underestimate the effect of AF screening, which 
also adds to the number of prevented strokes in the AF 
patient population [69]. Having this said, revising the 
diagnosis guidelines is needed to combine the effect 
of screening and eligibility of patients for lower-/ 
reduced-dose DOAC for best clinical outcomes.

Conclusions

Switching patients with AF who are eligible for lower-/ 
reduced-dose DOACs from reduced-dose rivaroxaban 
and apixaban to lower-dose dabigatran can potentially 
reduce the healthcare payer’s budget expenditures and 
provide health gains. Cost savings might be further 
enhanced by increasing the lower-dose dabigatran 
market share and potential future price reductions 
due to, e.g., patent expiry.
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Appendix

Table A1. Current and new treatment mix in scenario analyses.

Patients on lower-/reduced dose DOACs
Population/Dutch settings 

Number of patients Ref.

Scenario analyses [28]
CTM Y1 (2023) Y2 (2024) Y3 (2025)
apixaban 2.5 mg 39609 41081 42552
dabigatran 110 mg 62934 65273 67611
rivaroxaban 15 mg 57806 59954 62102
edoxaban 30 mg 22691 23534 24377
NTM-Scenario low uptake
apixaban 2.5 mg 57720 78649 100923
dabigatran 110 mg 53494 45691 37186
rivaroxaban 15 mg 49135 41968 34156
edoxaban 30 mg 22691 23534 24377
NTM-Scenario high uptake
apixaban 2.5 mg 75832 116217 159293
dabigatran 110 mg 44054 26109 6761
rivaroxaban 15 mg 40464 23982 6210
edoxaban 30 mg 22691 23534 24377

Note: CTM – current treatment mix, NTM – new treatment mix; Y – year. 

Figure A1. Number of events per medicine given in the Dutch population with atrial fibrillation eligible for lower-/reduced dose of 
direct oral anticoagulant.
Note: IS – ischaemic stroke; SE – systemic embolism; MB – major bleeding; HS – haemorrhagic stroke; NMB – non-major bleeding; Y – year. 
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Table A2. Input parameters for sensitivity analyses.

Note: Y – year; riva – rivaroxaban; api – apixaban, dabi – dabigatran, AF – atrial fibrillation; IS – ischaemic stroke; SE – systemic embolism; MB – major 
bleeding; HS – haemorrhagic stroke; LTS – long-term stroke; NMB – non-major bleeding; Y – year, NY – next year. 
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