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A trial fibrillation is a common type of dysrhythmia. It 
increases stroke risk owing to abnormal atrial tissue 
substrate and stasis from contractile dysfunction.1 

Antithrombotic therapies are used to prevent stroke in 
patients with atrial fibrillation, but these medications 
increase bleeding risk.2 The prevalence of atrial fibrillation,3 
stroke risk4 and bleeding risk5 all increase with increasing 
age. Furthermore, older adults are often at increased risk of 
falling and head injury, which can lead to serious bleeding 
with antithrombotic therapy.6 The fear of causing major 
bleeding leads to underprescribing of antithrombotics in 
older patients, particularly those at high risk of falling.7

A decision analysis study published in 1999 showed that 
warfarin was preferred (12.90  quality-adjusted life years 
[QALYs]) over acetylsalicylic acid (ASA) (11.17 QALYs) or no 
treatment (10.15 QALYs) for atrial fibrillation in those at risk 
for falls.8 More recently, direct oral anticoagulants, including 
dabigatran, rivaroxaban, apixaban and edoxaban, offer gener-
ally lower bleeding risk than warfarin, with similar or higher 
stroke-prevention effectiveness.9 Direct oral anticoagulants 

are economically attractive compared to warfarin in the gen-
eral Canadian population,10 but whether this holds for an 
older population with falls is uncertain. Older adults with 
atrial fibrillation and falls have both higher stroke risk and 
higher bleeding risk, so the balance between risk and efficacy 
of direct oral anticoagulants needs to be reflected in economic 
evaluations.

We developed such a model to compare warfarin, ASA and 
the 4 direct oral anticoagulants for their cost-effectiveness in 
older adults with atrial fibrillation who are at high risk for falls 
using the public health care payer perspective in Ontario, 
Canada.
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Background: Antithrombotic drugs decrease stroke risk in patients with atrial fibrillation, but they increase bleeding risk, particularly 
in older adults at high risk for falls. We aimed to determine the most cost-effective antithrombotic therapy in older adults with atrial 
fibrillation who are at high risk for falls.

Methods: We conducted a mathematical modelling study from July 2019 to March 2020 based on the Ontario, Canada, health care 
system. We derived the base-case age, sex and fall risk distribution from a published cohort of older adults at risk for falls, and the 
bleeding and stroke risk parameters from an atrial fibrillation trial population. Using a probabilistic microsimulation Markov decision 
model, we calculated quality-adjusted life years (QALYs), total cost and incremental cost-effectiveness ratios (ICERs) for each of 
acetylsalicylic acid (ASA), warfarin, apixaban, dabigatran, rivaroxaban and edoxaban. Cost data were adjusted for inflation to 2018 
values. The analysis used the Ontario public payer perspective with a lifetime horizon.

Results: In our model, the most cost-effective antithrombotic therapy for atrial fibrillation in older patients at risk for falls was apixa-
ban, with an ICER of $8517 per QALY gained (5.86 QALYs at $92 056) over ASA. It was a dominant strategy over warfarin and the 
other antithrombotic agents. There was moderate uncertainty in cost-effectiveness ranking, with apixaban as the preferred choice in 
66% of model iterations (given willingness to pay of $50 000 per QALY gained); edoxaban, 30 mg, was preferred in 31% of iterations. 
Sensitivity analysis across ranges of age, bleeding risk and fall risk still favoured apixaban over the other medications.

Interpretation: From a public payer perspective, apixaban is the most cost-effective antithrombotic agent in older adults at high risk 
for falls. Health care funders should implement strategies to encourage use of the most cost-effective medication in this population.
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Methods

Study design
We conducted a mathematical modelling study from July 
2019 to March 2020. Decision models can be used to deter-
mine optimal treatment choices for a population where direct 
evidence is limited or not available. They can incorporate 
event probabilities, trade-offs, patient preferences and treat-
ment costs to compare consequences, in terms of lifetime 
costs and quality-adjusted life expectancy, of treatment 
choices for a population.11

Model structure
We constructed a discrete-time, health state transition (Markov) 
model employing 2-dimensional Monte Carlo simulation in 
TreeAge Pro 2020 (TreeAge Software) to compare the differ-
ent antithrombotic agents for older patients with nonvalvular 
atrial fibrillation. Details of the model structure are given in 
Appendix 1 (available at www.cmajopen.ca/content/8/4/E706/
suppl/DC1).

Two-dimensional simulation refers to simulating the vari-
ability of patient characteristics and model parameters, such as 
event probabilities, separately. Patient characteristics and 
model parameters are generated randomly from specified dis-
tributions based on literature estimates. The computer draws 
a set of model parameters in an outer loop first, followed by 
the generation of individual simulated patients with unique 
characteristics (age, sex, stroke risk according to the CHADS 
[congestive heart failure, hypertension, age ≥ 75 yr, diabetes, 
stroke] score,12 bleeding risk according to the HAS-BLED 
[hypertension, abnormal renal and liver function, stroke, 
bleeding, labile international normalized ratio, elderly (age 
> 65 yr), drugs or alcohol (≥ 8 drinks/wk)] score13 and fall risk) 
in an inner loop. The process is iterated to produce outcomes 
with increased precision (hence “loops”). Sampling individual 
patient characteristics allows both for a representation of indi-
vidual variability and for the probabilities of transition among 
various health states to depend on a given patient’s attributes. 
We ran each hypothetical patient through each of the anti-
thrombotic strategies in turn.

We derived the base-case age, sex and fall risk distribution 
from a cohort of older adults at risk for falls (Table 1).14 We 
derived the base-case CHADS and HAS-BLED scores from 
an atrial fibrillation trial population.15 The discrete-time steps 
(cycles) were each 3  months long, with a lifetime horizon. 
Perspective of the analysis was from the public health care 
system third-party payer, the Ontario Ministry of Health and 
Long-Term Care. We applied discounting at 1.5% to both 
costs and utilities based on the current Canadian Agency for 
Drugs and Technologies in Health guidelines.16 We used 
within-cycle correction to compensate for biases occurring 
with discrete-time rather than continuous-time health state 
transitions.17 The results were reported in accordance with 
the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) statement.18

A sample structure of the decision tree is shown in Appen-
dix 1, Supplemental Figure S1. Simulated patients started in 

the “alive” health state and transitioned to the other states 
when events were encountered (Appendix 1, Supplemental 
Figure S2):
•	 Alive: Simulated patients in the alive health state could 

transition to the bed-bound state if they had a severe bleed 
or stroke, leading to severe disability with a modified 
Rankin Scale score of 5.19 Patients could also die from 1 of 
the events in the model or from other reasons based on 
age-adjusted mortality rates.

•	 Bed-bound: Patients in the bed-bound state remained in 
this state until death, but they could still experience a 
stroke or bleed. To simplify the model, we assumed that 
those who were bed-bound did not experience further falls. 
Bed-bound patients could still take antithrombotic medica-
tion for atrial fibrillation because, to our knowledge, no 
studies have been conducted to show a loss of benefit in 
this population.

•	 Dead: Patients who died exited the simulation.
We captured stroke, bleed and fall events by means of 

tracking variables, which were used to calculate costs and util-
ities. For adults with a major bleed, antithrombotics were dis-
continued for 3 months in the simulation, which is a conser-
vative duration allowing for minimal bleeding risk.20 We 
chose the most effective (highest) dosages of each medication 
for the stroke-prevention analysis. Patients were assumed to 
be adherent to the study medication, with no discontinuation, 
but variation in adherence and effectiveness was accounted for 
in the model because the efficacy estimates were provided as 
ranges.

Antithrombotic strategies
The strategies included the following antithrombotic 
options available on the Canadian market as of April 2020: 
ASA, less than 150 mg daily; warfarin, titrated to an interna-
tional normalized ratio of 2–3; apixaban, 5  mg twice daily; 
dabigatran, 110 or 150  mg twice daily; rivaroxaban, 20  mg 
once daily; and edoxaban, 30 or 60  mg once daily. The 
Canadian Cardiovascular Society guideline recommends that 
older adults with atrial fibrillation receive antithrombotic 

Table 1: Baseline characteristics simulated in the health state 
transition model

Characteristic Value

Age, mean ± SD, yr 78.3 ± 5.1

Female sex, % 51

HAS-BLED†

CHADS* Low < 3 High ≥ 3

Low < 3 0.58 0.19

High ≥ 3 0.12 0.11

Note: CHADS = congestive heart failure, hypertension, age ≥ 75 yr, diabetes, 
stroke; HAS-BLED = hypertension, abnormal renal and liver function, stroke, 
bleeding, labile international normalized ratio, elderly (age > 65 yr), drugs or 
alcohol (≥ 8 drinks/wk); SD = standard deviation.
*Stroke risk score.
†Bleeding risk score.
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therapy for stroke prophylaxis;21 thus, we did not simulate a 
“no-treatment” strategy. Since we could not identify any 
randomized trial data on reduced-dose apixaban (2.5 mg) or 
rivaroxaban (15 mg), those dosages were excluded from the 
analysis.

Outcomes
Health gains were expressed as discounted life years (LYs) and 
discounted QALYs (to account for both survival and quality 
of life), and costs were calculated as discounted total lifetime 
costs. Details of outcome determination are provided in 
Appendix 1. We compared pairs of strategies by calculating 
the incremental cost-effectiveness ratio (ICER) as the differ-
ence in the grand averages of costs divided by the difference 
in the grand averages of QALYs. We calculated ICERs by 
ranking all the strategies by cost, from lowest to highest. We 
set the willingness-to-pay threshold for this analysis at an 
ICER of less than $50 000 per QALY gained based on the 
commonly accepted threshold range in Canada.22,23 Secondary 
outcomes included life expectancy, cumulative major stroke, 
cumulative major bleeding, cumulative bed-bound state and 
length of time off medication.

Model probabilities, cost and utilities
We conducted a targeted MEDLINE search of articles pub-
lished in English between 1985 and 2019 to obtain baseline 
probabilities and utilities for events related to stroke, bleeding 
and falls (Table 2). We preferentially included articles that 
reported estimates from randomized trials and large observa-
tional cohorts, as well as event probabilities in older adult 
populations. We derived the baseline mortality rate for each 
age from Statistics Canada Ontario life tables.40 Appropriate 
distributions were created for each variable for outer-loop 
sampling. A detailed description of the model variables is 
available in Appendix 1.

We derived the probability of falls, stroke (major or 
minor), bleed (major or minor) and death from published trial 
or cohort estimates (Table 2). The probability of first and 
subsequent falls was based on the fall cohort of Tinetti and 
colleagues.14 Each fall led to an increased risk of major bleed-
ing, with a hazard ratio derived from an atrial fibrillation clini-
cal trial that captured fall data.24 We derived the efficacy esti-
mates (odds ratios for stroke, bleed and death) for each 
medication from a network meta-analysis (Table 3),9 and 
derived the odds of bleeding, stroke and death from no treat-
ment compared to warfarin from a 1994 meta-analysis of the 
original warfarin trials for atrial fibrillation.2 We used the no-
treatment estimate during the period off medication after a 
major bleed. We defined major bleeding as a bleed accompa-
nied by a decrease in the hemoglobin level of at least 20 g/L 
or requiring transfusion of 2  units or more of packed red 
blood cells, occurring at a critical site or resulting in death.42 
All other bleeds were considered minor.

We derived costs related to falls, stroke and bleed from 
Canadian estimates,34,35 and those of clinical events from a 
study reporting on costs from the Ontario Case Costing Ini-
tiative, a provincial database reporting on inpatient events.35 

We obtained medication costs from the Ontario Drug Bene-
fits Formulary.43 Indirect costs of warfarin therapy including 
blood monitoring and clinic visits were accounted for.41 We 
adjusted cost data for inflation to 2018 values using the Bank 
of Canada Consumer Price Index.

We derived utilities from published estimates. All patients 
entering the cohort began with the utility of having atrial 
fibrillation.39 We factored the utility of stroke or bleed into 
the existing utility when those events occurred. A minor 
stroke, minor bleed or fall was associated with a disutility for a 
defined period of time, but not permanently.

Statistical analysis
We determined the number of outer- and inner-loop itera-
tions required for the main analysis empirically according to 
stability of ICER and average cost estimates by running sam-
ples of different numbers of outer or inner loops while hold-
ing the other constant. The lowest number of outer and inner 
loops that resulted in stable average values was determined to 
be 10 000 and 5000, respectively.

We performed 1-way deterministic sensitivity analyses for 
mean age, fall risk and bleed risk.6 These variables are most 
clinically relevant when determining the use of anticoagulants. 
We plotted the average cost-effectiveness outcome (cost per 
QALY gained) against a range of parameter estimates.

We evaluated face validity of the model structure and out-
puts by consulting experts in cardiology (H.C.W.) and geriat-
ric medicine (S.E.S.). The structure of the model is similar to 
that of a fall and antithrombotic therapy model published in 
1999.8 Verification was done by 2 programmers who indepen-
dently examined the modelling steps, checked equations and 
reviewed TreeAge calculations to ensure accuracy. We tested 
the external validity of the model by comparing model out-
puts (cumulative falls, cumulative risk of stroke) to published 
cohorts. Validation results are presented in Appendix 1.

Ethics approval
Since this was a modelling study, no ethics approval was 
needed.

Results

Apixaban was associated with the greatest number of QALYs 
gained, at 5.86, and ASA had the lowest effectiveness, at 
4.89  QALYs gained (Table 4). Acetylsalicylic acid had the 
lowest lifetime cost, at $83 834, and dabigatran, 150 mg, had 
the highest cost, at $114 818. 

Secondary outcomes are shown in Table 5. Both life years 
and life expectancy were longest with apixaban and shortest 
with ASA (7.36 v. 6.25 LYs). The proportion of patients with 
major stroke was lowest with dabigatran, 150 mg, and highest 
with ASA (9.8% v. 26.9%). Major bleeds occurred most fre-
quently with dabigatran, 150 mg (42.7%) and least frequently 
with ASA (14.2%). Patients in the model spent an average of 
3.45  months without medication with dabigatran, 150  mg, 
versus 1.12  months with ASA. The proportion of patients 
with severe physical limitation (bed-bound state) due to bleed 
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Table 2: Probabilities, costs and utilities for the decision model

Variable Estimate (range) Distribution

Probability

First fall 0.32 (0.27 to 0.37) β14

Subsequent fall 0.58 (0.39 to 0.97) β14

HR bleed after a fall 1.39 (1.05 to 1.84) Lognormal24

Any bleed

    HAS-BLED score high, annual 0.166 (0.111 to 0.221) β13

    HAS-BLED score low, annual 0.091 (0.061 to 0.121) β13

Major bleed given any bleed 0.31 (0.25 to 0.46) β25

Intracranial bleed given major bleed 0.21 (0.14 to 0.28) β26

Bed-bound after intracranial bleed (modified 
Rankin Scale score ≥ 5)

0.176 (0.117 to 0.235) β27

Any stroke

    High CHADS score 0.037 (0.025 to 0.049) Lognormal28

    Low CHADS score 0.083 (0.055 to 0.111) Lognormal28

Major stroke given stroke 0.41 (0.20 to 0.61) β29

Bed-bound after major stroke (modified 
Rankin Scale score ≥ 5)

0.176 (0.117 to 0.235) β30

OR death due to atrial fibrillation 1.6 (1.2 to 2.2) Lognormal31

HR death after major stroke 5.29 (3.53 to 7.93) Lognormal32

HR death after major bleed 3.35 (2.12 to 5.27) Lognormal32

HR death given bed-bound 3.81 (3.37 to 4.31) Lognormal33

Cost*

Fall, single event 7286.01 (5464.51 to 9107.51) γ34

Major bleed, initial event 5358.98 (3572.64 to 7145.28) γ35

Major bleed, monthly 6942.54 (4627.99 to 9255.99) γ35

Minor bleed, single event 84.38 (55.89 to 111.78) γ35

Major stroke, initial event 7227.47 (3613.74 to 14 441.79) γ35

Major stroke, monthly 6476.51 (4384.7 to 8768.31) γ35

Minor stroke, single event 3613.74 (500.15 to 7227.47) γ35

Bed-bound (long-term care assumed) 4304.91 (2869.94 to 5739.88) γ36

Utility/disutility

Atrial fibrillation 0.95 (0.93 to 0.98) β37

Fall, per event† –0.11 (–0.08 to 0.14) β38

Major bleed, long-term 0.60 (0.40 to 0.80) β39

Minor bleed, 1 mo† –0.13 (–0.08 to –0.13) β39

Major stroke, first year 0.26 (0.20 to 0.50) β39

Major stroke, long-term 0.71 (0.40 to 0.96) β39

Minor stroke, first year† –0.25 (–0.15 to –0.25) β39

Bed-bound (modified Rankin Scale score ≥ 5) 0.14 (–0.01 to 0.29) β37

Note: CHADS = congestive heart failure, hypertension, age ≥ 75 yr, diabetes, stroke; HAS-BLED = hypertension, abnormal renal 
and liver function, stroke, bleeding, labile international normalized ratio, elderly (age > 65), drugs or alcohol (≥ 8 drinks/wk); HR = 
hazard ratio; OR = odds ratio.
*In 2018 Canadian dollars.
†Disutilities.
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or stroke was similar across the medications, with the lowest 
proportions among those receiving apixaban (2.7%) or dabig-
atran, 150 mg (2.3%).

When listed by increasing lifetime cost, edoxaban (both 30 
and 60 mg), rivaroxaban and dabigatran, 150 mg, were abso-
lutely dominated by apixaban, whereas warfarin was domi-
nated by extension by ASA and apixaban (Figure 1). Extended 
dominance means that the effectiveness of warfarin can be 
achieved with less cost by a combination policy of ASA and 

apixaban, wherein a proportion of patients could be given 
ASA and the rest apixaban. Apixaban was economically attrac-
tive relative to ASA, with 0.97 extra QALYs, an increase in 
lifetime discounted costs of $8222 and an ICER of $8517 per 
QALY gained (Table 4).

When we explored variable uncertainty, apixaban was 
the preferred strategy in 66% of the outer-loop iterations 
given a willingness to pay of $50 000 per QALY gained 
(Figure 2; Appendix 1, Supplemental Figure S3). There was 

Table 3: Efficacy and cost variables for antithrombotic medications compared to warfarin

Medication

Event; OR (95% CI)
Cost per 
month, $*Any bleed Any stroke Death

Acetylsalicylic acid9 0.59 (0.45 to 0.77) 1.88 (1.40 to 2.51) 1.04 (0.88 to 1.33) 1.02

Apixaban9 0.67 (0.60 to 0.75) 0.79 (0.66 to 0.94) 0.88 (0.79 to 0.98) 98.02

Dabigatran, 150 mg9 1.56 (0.50 to 5.74) 0.65 (0.52 to 0.81) 0.88 (0.77 to 1.01) 100.32

Dabigatran, 110 mg9 0.80 (0.69 to 0.93) 0.90 (0.74 to 1.10) 0.91 (0.80 to 1.04) 100.32

Edoxaban, 60 mg9 0.84 (0.77 to 0.90) 0.86 (0.74 to 1.01) 0.86 (0.82 to 1.01) 85.20

Edoxaban, 30 mg9 0.59 (0.54 to 0.64) 1.13 (0.97 to 1.32) 0.86 (0.78 to 0.96) 85.20

Rivaroxaban9 1.03 (0.95 to 1.11) 0.88 (0.74 to 1.03) 0.83 (0.69 to 1.00) 86.10

Warfarin 1.00 1.00 1.00 39.45‡

Off medication† 0.77 (0.34 to 1.20) 1.47 (1.29 to 1.65) 3.03 (2.79 to 3.27) –

Note: CI = confidence interval, OR = odds ratio.
*In 2018 Canadian dollars.
†Relative risk (95% CI).3

‡Including cost of monitoring therapy.41

Table 4: Cost-effectiveness of the antithrombotic medications

Drug

Mean (95% credible interval)
Cost-

effectiveness† Cost, $* ∆ Cost QALY ∆ QALY ICER

Acetylsalicylic 
acid

83 834 
(83 427 to 84 241)

– 4.89 
(4.88 to 4.90)

– – –

Warfarin 88 704 
(88 268 to 89 140)

4870 
(4274 to 5466)

5.11 
(5.10 to 5.12)

0.21 
(0.21 to 0.23)

– Dominated by 
extension

Apixaban, 5 mg 92 056 
(91 639 to 92 473)

3352 
(2749 to 3955)

5.86 
(5.85 to 5.86)

0.74 
(0.74 to 0.76)

8517 
(7915 to 9121)

Cost-effective

Edoxaban, 
30 mg

93 262 
(92 849 to 93 675)

1206 
(620 to 1792)

5.80 
(5.79 to 5.81)

–0.06 
(–0.07 to –0.05)

– Absolutely 
dominated

Dabigatran, 
110 mg

94 670 
(94 234 to 95 106)

2614 
(2011 to 3217)

5.56 
(5.56 to 5.57)

–0.29 
(–0.30 to –0.28)

– Absolutely 
dominated

Edoxaban, 
60 mg

97 929 
(97 479 to 98 379)

5872 
(5260 to 6486)

5.68 
(5.68 to 5.69)

–0.17 
(–0.18 to –0.16)

– Absolutely 
dominated

Rivaroxaban, 
20 mg

107 425 
(106 892 to 107 958)

15 369 
(14 692 to 16 046)

5.57 
(5.56 to 5.57)

–0.29 
(–0.30 to –0.28)

– Absolutely 
dominated

Dabigatran, 
150 mg

114 818 
(114 159 to 115 477)

22 761 
(21 982 to 23 542)

5.05 
(5.04 to 5.06)

–0.80 
(–0.82 to –0.79)

– Absolutely 
dominated

Note: ICER = incremental cost-effectiveness ratio, QALY = quality-adjusted life year.
*In 2018 Canadian dollars.
†Warfarin is dominated by extension by the combination of acetylsalicylic acid and apixaban, whereas edoxaban, rivaroxaban and dabigatran are absolutely dominated by 
apixaban.
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Figure 1: Average cost-effectiveness plane. Medications that were lower in cost and higher in effectiveness were more cost-effective. Warfarin 
was dominated by extension (beige line) by the combination of apixaban and acetylsalicylic acid (ASA). Note: QALY = quality-adjusted life year.

Table 5: Life years and secondary outcomes from the model

Drug

Mean (95% credible interval)

Life years*
Life expectancy, 

yr
Major stroke, 
cumulative %

Major bleed, 
cumulative %

Time off 
medication per 

patient, mo
Bed-bound, 

cumulative %

Acetylsalicylic acid 6.25 
(6.24 to 6.26)

84.4 
(84.4 to 84.5)

26.9 
(26.7 to 27.0)

14.2 
(14.1 to 14.2)

1.12 
(1.12 to 1.13)

5.2 
(5.2 to 5.3)

Warfarin 6.61 
(6.60 to 6.62)

84.7 
(84.7 to 84.7)

14.4 
(14.4 to 14.5)

25.5 
(25.4 to 25.5)

2.04 
(2.03 to 2.04)

3.2 
(3.2 to 3.2)

Apixaban, 5 mg 7.36 
(7.35 to 7.37)

85.5 
(85.5 to 85.5)

12.9 
(12.9 to 13.1)

19.4 
(19.4 to 19.5)

1.57 
(1.56 to 1.57)

2.7 
(2.7 to 2.7)

Edoxaban, 30 mg 7.30 
(7.29 to 7.30)

85.4 
(85.4 to 85.4)

18.4 
(18.4 to 18.5)

16.5 
(16.5 to 16.6)

1.32 
(1.32 to 1.33)

4.0 
(4.0 to 4.0)

Dabigatran, 110 mg 7.09 
(7.09 to 7.10)

85.2 
(85.2 to 85.2)

14.1 
(14.1 to 14.2)

21.9 
(21.9 to 22.0)

1.77 
(1.76 to 1.77)

3.0 
(3.0 to 3.0)

Edoxaban, 60 mg 7.28 
(7.28 to 7.29)

85.4 
(85.4 to 85.4)

13.8 
(13.8 to 13.9)

23.6 
(23.6 to 29.3)

1.91 
(1.90 to 1.91)

2.9 
(2.9 to 2.9)

Rivaroxaban, 20 mg 7.30 
(7.29 to 7.31)

85.4 
(85.4 to 85.4)

14.1 
(14.1 to 14.3)

29.2 
(29.2 to 29.3)

2.36 
(2.35 to 2.37)

3.0 
(3.0 to 3.0)

Dabigatran, 150 mg 6.91 
(6.90 to 6.92)

85.0 
(84.9 to 85.0)

9.8 
(9.7 to 9.8)

42.7 
(42.5 to 43.0)

3.45 
(3.43 to 3.47)

2.3 
(2.2 to 2.3)

*Not adjusted for utility.



E712	 CMAJ OPEN, 8(4)	

Research

moderate uncertainty in the overall results given that edoxa-
ban, 30  mg, was most cost-effective in 31% of the outer-
loop iterations at a willingness to pay of $50 000 per QALY 
gained.

Sensitivity analysis
In deterministic sensitivity analyses, apixaban had the lowest 
cost per QALY gained across the full range of values for fall 
risk and mean age at start (Appendix 1, Supplemental 
Figure S4). When the baseline probability of clinically impor-
tant bleeding was increased beyond 0.25 per year (model esti-
mate 0.09), the model favoured ASA over apixaban.

Interpretation

Our health state transition model showed apixaban to be the 
preferred strategy from a public payer perspective for stroke 
prevention in older patients with atrial fibrillation and 
increased fall risk. The overall reduction in stroke and bleed-
ing events led to a gain in QALYs despite slightly higher life-
time costs of apixaban than of warfarin ($92 056 v. $88 704). 
Edoxaban, 30 mg, had the lowest bleeding risk of all the direct 

oral anticoagulants, but it was also least effective in stroke pre-
vention. Sensitivity analyses across ranges of mean age, bleed-
ing risk and fall risk did not show edoxaban to be preferred. 
Since older adults with falls often have higher stroke and 
bleeding risk, it is clinically plausible that apixaban is most 
cost-effective because it best balances stroke prevention while 
avoiding bleeds.

A previous Canadian cost-effectiveness analysis showed 
that, with a willingness-to-pay threshold of $50 000, dabiga-
tran (150 mg) was the dominant strategy for the general atrial 
fibrillation population.10 Dabigatran had a lower lifetime cost 
overall in that study owing to the lower risk of bleeding in a 
population without fall risk. Although an early decision analy-
sis by Man-Son-Hing and colleagues8 did not include costs, 
our findings are similar to theirs in that anticoagulation was 
preferred over ASA.

Our analysis builds on prior knowledge that anticoagula-
tion is warranted, but also that apixaban is the most economi-
cally attractive choice for stroke prophylaxis in older patients 
with atrial fibrillation. Although a randomized trial of 
reduced-dose dabigatran and edoxaban indicated more 
favourable bleeding profiles compared to their full-dose 
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formulations,26 our model suggests that apixaban remains the 
preferred strategy, with the option to reduce the dosage based 
on  the patient’s age, weight and renal function. However, 
there remains uncertainty in the model’s results owing to the 
combination of parameter uncertainty and individual variabil-
ity. Given this uncertainty, further research directed toward 
narrowing the confidence intervals around stroke prevention 
effectiveness and bleeding risk would help to ensure that the 
most cost-effective medication is provided to older patients 
with atrial fibrillation.

The most recent study of trends in prescribing oral antico-
agulants in Canada, published in 2015, showed a growing 
trend for apixaban and rivaroxaban prescriptions for any indi-
cation.44 Future studies should investigate whether low-dose 
(2.5 mg) apixaban reduces bleeding risk more than the stan-
dard dosage (5 mg) in this population.45

Strengths of our model include the fact that it simulated a 
population of older adults at risk for falls with varying stroke 
and bleeding risks, in the absence of direct clinical trial evi-
dence in this population. The model was fully probabilistic, so 
reasonable variations in all the model variables were consid-
ered simultaneously instead of our performing deterministic 
sensitivity analysis for a subset of variables 1 at a time. Fur-
thermore, we used efficacy data from a recent systematic 
review and network meta-analysis that compared all of the 
pharmacologic treatment strategies available on the Canadian 
market, including ASA and warfarin.9 We included indirect 
costs of warfarin therapy, including blood investigations for 
monitoring and clinical visits, as well as Canadian cost esti-
mates for falls, strokes and bleeds. In addition, this was an 
investigator-initiated study, with no industry funding or influ-
ence. Finally, we validated the model externally using large 
population cohorts.

Limitations
Our model has several limitations. It was specific to older 
adults with atrial fibrillation at risk for falls. Simulated 
patients remained at elevated fall risk throughout the model 
despite evidence that the risk of falls decreases after 
12  months without a subsequent fall.46 Patients could fall 
only once per cycle, and they could no longer fall once they 
became bed-bound. The results from this model may not be 
applicable to patients who fall more frequently than once 
every 3 months. Patients were limited to the use of 1 medi-
cation in the model and were assumed to be adherent to the 
drug. They could not discontinue or transition to another 
medication with a bleeding event, and medication compli-
ance was not factored into the analysis. We derived the 
baseline individual characteristics from 2  cohorts because 
no single cohort had all required falls, age, sex, bleeding and 
stroke risk parameters. Finally, when more than 1 dosage of 
a medication was available, we simulated only the most 
effective dosage (based on stroke reduction). Given these 
assumptions, our model represents an average set of 
patients. The model can help guide decisions for policy-
makers, but direct evidence, if available, should be used to 
confirm the findings.

Conclusion
Our model provides guidance to the Ontario Ministry of 
Health and Long-Term Care as to which antithrombotic 
medication is ideal for older adults with atrial fibrillation and 
falls. The findings from this study can guide policies to 
include cost-effectiveness as a factor when choosing anti-
thrombotic medications for this population.
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