
 
 

Appendix 1 (as supplied by the authors): Supplemental material 

 

Model structure details and outcomes description 

Model structure 

A discrete-time, health state transition (Markov) model employing two-dimensional 

Monte Carlo simulation (with outer and inner loop sampling [1]) was constructed in TreeAge Pro 

2020 (TreeAge Software Inc., Williamstown, MA) to compare the different antithrombotic 

agents for older patients with non-valvular AF. On an outer, second-order loop, parameter-level 

uncertainty was examined by selecting key model inputs from distributions, representing the fact 

that estimates of parameter values derived from studies entail uncertainty. For each outer-loop 

parameter sample, a set of inner loop iterations were run, each representing a hypothetical 

patient, whose characteristics—age, sex, stroke risk (using CHADS score [2]), bleeding risk 

(using HAS-BLED score [3]), and falls risk—were sampled from patient-level distributions. 

Sampling individual patient characteristics allows for both a representation of individual 

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 anticoagulation 

strategies in turn.  

The base case age, sex, and falls risk distributions were derived from a cohort of older 

adults at risk of falls (Supplementary Table ST1) [4]. The base case CHADS and HAS-BLED 

scores were derived from an AF trial population [5]. The discrete-time steps (cycles) were each 3 

months long with a life-time time horizon (patients were followed until death or 100 years-of-

age). Perspective of the analysis was from the public health care system third-party payer, the 

Ontario Ministry of Health and Long-Term Care. Discounting at 1.5% was applied to both cost 

and utilities based on the current Canadian Agency for Drugs and Technologies in Health 

(CADTH) guidelines [6]. Within-cycle correction was used to compensate for biases occurring 

with discrete-time rather than continuous-time health state transitions [7]. The results were 

reported in accordance with the CHEERS statement [8].  

A sample structure of the decision tree is shown in Supplementary Figure SF1. Simulated 

patients started in the “alive” health state and transitioned to the others when events were 

encountered (Supplementary Figure SF2): 

1. Alive: simulated patients in the “alive” health state can transition to “bedbound” state if 

they had a severe bleed or stroke, leading to severe disability with a modified Rankin 

score of 5 [9]. Patients could also die from one of the events in the model or from other 

reasons based on age-adjusted mortality rates. 

2. Bedbound: patients in the “bedbound” state remained in this state until death, but they 

can still experience a stroke or bleed. To simplify the model, we assumed that those who 

were bedbound did not experience further falls. Bedbound patients can still take 

anticoagulant medication for atrial fibrillation because there is no evidence that 

anticoagulation loses benefit in these patients.  

3. Dead: patients who died exited the simulation.  

Stroke, bleed, and fall events were captured using tracking variables, which were used to 

calculate costs and utilities. For adults with a major bleed, antithrombotics were discontinued for 

3 months in the simulation, which is a conservative duration allowing for minimal bleeding risk 

[10,11]. We chose the most effective (highest) doses 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. 

 

Outcomes 

For each inner loop iteration (simulated individual), health gains were expressed as 

discounted life years (LY) and discounted, quality-adjusted LY (QALYs), the latter to account 

for both survival and quality of life, and costs were calculated as discounted, total lifetime costs. 

For both QALYs and costs, averages were computed across inner-loop iterations and, in turn, 

grand averages were calculated by averaging the inner loop averages across the outer loop 

iterations. Pairs of strategies were compared by calculating the incremental cost-effectiveness 

ratio (ICER) as the difference in the grand averages of costs divided by the difference in grand 

averages of QALYs.  ICERs were calculated by ranking all the strategies by lowest to highest 

cost.  A pair of strategies consisted of a given strategy and the strategy with the next lowest cost.  

If the option with the higher cost had a lower effectiveness, it was considered to be directly 

dominated.  We also considered ordered triplets of strategies to determine extended dominance. 

If the effectiveness of the middle strategy of a triplet could be achieved less expensively by a 

combination of the two neighboring strategies, the middle strategy was considered to be 

dominated by extension. The willingness-to-pay (WTP) threshold for this analysis was set at an 

ICER below C$50,000/QALY based on commonly accepted threshold range in Canada [12,13]. 

Secondary outcomes included life expectancy, cumulative major stroke, cumulative major 

bleeding, cumulative bedbound, and duration of time off medication.  

 

Model probabilities, cost and utilities 

A targeted literature search (MEDLINE) was completed to obtain baseline probabilities and 

utilities for events related to stroke, bleeding and falls (Table ST1). The baseline mortality rate 

for each age was derived from Statistics Canada Ontario life tables [14]. Appropriate 

distributions were created for each variable for outer-loop sampling.  

 

The model utilized sampled patient characteristics and the validated CHADS2 [2] and the HAS-

BLED [3] scoring tools to determine an individual’s initial risks for stroke and bleeding while in 

the ‘Alive’ state. Patients were dichotomized into either high- or low-risk in both the CHADS2 

and the HAS-BLED scores using ≥3 as cutoff for both scores. Four risk categories were created 

using the initial risk scores (main text Table 2), with proportions in each risk group determined 

from a published cohort [5]. In the ‘Alive’ state, patients could continue to cycle through with 

the possibility of dying, having a fall, or developing a stroke or a bleed. If they developed a 

stroke or bleed, it was stratified into a major or minor event. A major stroke or bleed was 

associated with a risk of permanent severe neurologic injury, defined by modified Rankin score 

of 5 [15,16]. Individuals with a Rankin score of 5 were transitioned to the bedbound health state, 

but they could experience further strokes and bleeds. Any stroke led to increased future stroke 

risk by increasing the CHAD2 category. Major bleeds also increased future bleeding risk (higher 

HAS-BLED score), but minor bleeds did not change the HAS-BLED status.  

 

The probability of first and subsequent falls was based on the Tinetti falls cohort [4]. Each fall 

led to an increased risk of major bleeding, with a hazard ratio derived from an AF clinical trial 

that captured falls data [17]. The efficacy estimates (stroke, bleed, mortality odds ratios) for each 

medication are derived from a network meta-analysis (Table ST1) [18]. The odds of bleeding, 



 
 

stroke and death of no treatment compared with warfarin was derived from a 1994 meta-analysis 

of the original warfarin trials for AF [19]. The no-treatment estimate was used during the period 

off medication after a major bleed.  

 

Cost data was based on a previous decision analysis that utilized Canadian costs from 2013 [20]. 

We adjusted for inflation to 2018 values using the Bank of Canada Consumer Price Index [21]. 

Similarly, costs related to falls were obtained from a Canadian publication from 2009 and 

updated to 2018 values [22]. We also obtained costs of medications (main text Table 3) from the 

Ontario Drug Benefit Formulary (ODB) [23]. Indirect costs of warfarin therapy including blood 

monitoring and clinic visits were accounted for [24] with all costs being reported in Canadian 

dollars (C$). The cost of the bedbound health state was defined as requiring long-term care, and 

the amount paid by the Ministry of Health and Long-Term Care per month was used [25]. 

 

Utilities were derived from published estimates (Table S1). All individuals entering the cohort 

began with the utility of having AF [26]. The utility of stroke or bleed was factored into the 

existing utility when those events occurred. Minor stroke, minor bleed, or a fall was associated 

with a disutility for a defined period of time, but not permanently.  

 



 
 

Supplemental Table S1: Full variable set including distributions and sampling iteration. 

Log normal distribution parameters were mean of logs and standard deviation of logs. IL = inner 

loop (first order), OL = outer loop (second order), μ = mean, σ = standard deviation, HR = 

hazard ratio, OR = odds ratio.  
 Sampled 

iterations 

Distribution parameters Reference 

    

Baseline characteristics    

Starting age IL Normal (μ=78.3, σ=5.1) [4] 

Sex female IL Uniform (<0.51) [4] 

Start CHADS/HAS-BLED profile IL Uniform (0–0.58, 0.58–0.77, 0.77–0.89, 0.89–1) [5] 

    

Probabilities    

First fall IL Beta (μ=0.32, σ=0.025) [4] 

Subsequent fall IL Beta (μ=0.58, σ=0.097) [4] 

HR of bleed after a fall OL LogNormal (μ=0.329, σ=0.122) [17] 

Any bleed – HAS-BLED low, annual IL Beta (μ=0.166, σ=0.055) [3] 

Any bleed – HAS-BLED high, annual IL Beta (μ=0.091, σ=0.030) [3] 

Major bleed given any anticoagulant 

bleed 

OL Beta (μ=0.31, σ=0.03) [27] 

Intracranial bleed given major bleed OL Beta (μ=0.21, σ=0.07) [28] 

Bedbound after intracranial bleed 

(modified Rankin scale ≥5) 

IL Beta (μ=0.176, σ=0.059) [16] 

Any stroke – CHADS low IL LogNormal (μ=–3.297, σ=0.325) [29] 

Any stroke – CHADS high IL LogNormal (μ=–2.489, σ=0.325) [29] 

Major stroke given a stroke OL Beta (μ=0.41, σ=0.11) [30] 

Bedbound after major stroke 

(modified Rankin scale ≥5) 

IL Beta (μ=0.176, σ=0.059) [15] 

OR death due to atrial fibrillation OL Lognormal (μ=0.470, σ=0.125) [31] 

HR death after major stroke OL Lognormal (μ=1.666, σ=0.246) [32] 

HR death after major bleed OL Lognormal (μ=1.209, σ=0.281) [32] 

HR death given bedbound OL Lognormal (μ=1.337, σ=0.125) [33] 

    

Costs (C$ 2018 values)    

Fall, single event OL Gamma (μ=7,286.01, σ=2,428.67) [22] 

Major bleed, initial event OL Gamma (μ=5,358.98, σ=1,786.33) [20] 

Major bleeding, monthly OL Gamma (μ=6,942.54, σ=2,314.18) [20] 

Minor bleed, single event OL Gamma (μ=84.38, σ=28.13) [20] 

Major stroke, initial event OL Gamma (μ=7,227.47, σ=2,409.16) [20] 

Major stroke monthly OL Gamma (μ=6,476.51, σ=2,158.84) [20] 

Minor stroke, single event OL Gamma (μ=3,613.74, σ=1,204.58) [20] 

Bedbound (assume long-term care) OL Gamma (μ=4,304.91, σ=1,434.97) [25] 

    

Utilities/disutilities    

Atrial fibrillation IL Beta (μ=0.95, σ=0.02) [34] 

Fall, per event* IL Beta (μ=–0.11, σ=0.04) [35] 

Major bleed, long term IL Beta (μ=0.31, σ=0.03) [26] 

Minor bleed, 1 month* IL Beta (μ=0.21, σ=0.07) [26] 

Major stroke, first year IL Beta (μ=0.176, σ=0.059) [26] 

Major stroke, long term IL LogNormal (μ=–3.297, σ=0.325) [26] 

Minor stroke, first year* IL LogNormal (μ=–2.489, σ=0.325) [26] 

Bedbound (Rankin ≥5) IL Beta (μ=0.41, σ=0.11) [34] 

*Disutilities    

    

Drug efficacy and safety    

ASA, OR any bleed OL LogNormal (μ=–0.528, σ=0.137) [18] 

ASA, OR any stroke OL LogNormal (μ=0.631, σ=0.149) [18] 

ASA, OR death OL LogNormal (μ=0.039, σ=0.105) [18] 



 
 

Apixaban, OR any bleed OL LogNormal (μ=-0.400, σ=0.057) [18] 

Apixaban, OR any stroke OL LogNormal (μ=-0.236, σ=0.090) [18] 

Apixaban, OR death OL LogNormal (μ=-0.128, σ=0.055) [18] 

Dabigatran 150mg, OR any bleed OL LogNormal (μ=0.445, σ=0.623) [18] 

Dabigatran 150mg, OR any stroke OL LogNormal (μ=-0.431, σ=0.113) [18] 

Dabigatran 150mg, OR death OL LogNormal (μ=-0.128, σ=0.069) [18] 

Dabigatran 110mg, OR any bleed OL LogNormal (μ=0.055, σ=0.076) [18] 

Dabigatran 110mg, OR any stroke OL LogNormal (μ=-0.105, σ=0.101) [18] 

Dabigatran 110mg, OR death OL LogNormal (μ=-0.094, σ=0.067) [18] 

Edoxaban 60mg, OR any bleed OL LogNormal (μ=-0.174, σ=0.040) [18] 

Edoxaban 60mg, OR any stroke OL LogNormal (μ=-0.151, σ=0.079) [18] 

Edoxaban 60mg, OR death OL LogNormal (μ=-0.151, σ=0.053) [18] 

Edoxaban 30mg, OR any bleed OL LogNormal (μ=-0.528, σ=0.043) [18] 

Edoxaban 30mg, OR any stroke OL LogNormal (μ=0.122, σ=0.079) [18] 

Edoxaban 30mg, OR death OL LogNormal (μ=-0.151, σ=0.053) [18] 

Rivaroxaban, OR any bleed OL LogNormal (μ=0.030, σ=0.040) [18] 

Rivaroxaban, OR any stroke OL LogNormal (μ=-0.128, σ=0.084) [18] 

Rivaroxaban, OR death OL LogNormal (μ=-0.186, σ=0.095) [18] 

Off medication, OR any bleed OL LogNormal (μ=-0.262, σ=0.325) [19] 

Off medication, OR any stroke OL LogNormal (μ=0.386, σ=0.117) [19] 

Off medication, OR death OL LogNormal (μ=1.109, σ=0.443) [19] 

 

 



 
 

Model validation results 

Using the prespecified variables, the model was shown to be externally valid. The cumulative 

number of falls in the model was 4.17 (95% confidence interval, CI 3.41–4.94) compared with 

3.59 in a United States population-based cohort [36] and 6.57 in a Finnish geriatric community-

dwelling cohort [37]. The cumulative number of falls was determined by multiplying the annual 

falls rate by the average life years from the model. The cumulative stroke risk in the model with 

ASA is 0.27 (0.13–0.40). The Framingham cohort estimates the cumulative stroke risk from age 

75 to be 0.104 [38]. Adjusting for the presence of AF (relative risk, RR 3.3 from the 

Framingham cohort [39]) and the risk reduction with ASA (RR 0.64 [19]), the cumulative stroke 

risk is 0.22, which is similar to the model estimate. No calibration was required. 

 

 
  

 

 



 
 

Supplemental Figure S1: Model structure. 

 
 



 
 

Supplemental Figure S2: Health states and possible transitions. 

 
 
  

 

 
 

 
 
  

 
 



 
 

Supplemental Figure S3: Incremental cost-effectiveness plots for (A) apixaban vs. ASA, (B) 

apixaban vs. warfarin, and (C) apixaban vs. edoxaban 30mg. Points to the left (below) the 

willingness-to-pay (WTP) threshold indicate model iterations with incremental cost-

effectiveness ratio less than C$50,000/QALY gained. QALY = quality-adjusted life year.  
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Supplemental Figure S4: Sensitivity analyses on average cost-effectiveness (C$/QALY) for 

(A) mean age at start, (B) probability of first fall, and (C) baseline probability of any bleed. 

Lower average cost-effectiveness is better. Overall, apixaban is most cost-effective across 

these ranges, with ASA being preferred in those with very high risk of bleed. QALY = 

quality-adjusted life year. 
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