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Abstract
Background Patient self-managed anticoagulant treatment with warfarin (PSM) has been proposed as an alternative to direct 
oral anticoagulants (DOACs) in patients with non-valvular atrial fibrillation (NVAF); however, direct evidence on the cost 
effectiveness of PSM compared with DOACs is lacking. We aimed to evaluate the cost effectiveness of PSM versus DOACs 
for NVAF patients in the Danish healthcare setting using a model-based cost-utility analysis.
Methods A cost-utility analysis was performed using a decision-analytic model including two treatment alternatives: con-
tinuous PSM and DOACs. The analysis was performed from an extended Danish healthcare sector perspective, including 
patient-paid costs of medication related to the anticoagulant treatment, with a lifetime horizon. Inputs for the model comprised 
of probabilities of events, costs in Danish estimates, when possible, and effect in utilities. The probabilities of events are 
primarily based on real-life data from a direct comparison of PSM and DOACs. The results are presented as the incremental 
cost-effectiveness ratio (ICER) with an assumed cost-effectiveness threshold of £20,000/quality-adjusted life-year (QALY). 
Both deterministic and probabilistic sensitivity analyses were performed to investigate the robustness of the results.
Results The base-analysis showed that PSM was dominant, with a decreased cost of £8495 and an increased QALY accu-
mulation of 0.23 per patient (ICER = −£36,935/QALY). All deterministic sensitivity analyses indicated that PSM was 
dominant or at least cost effective. The probabilistic sensitivity analysis showed that 95% of the iterations were cost effective.
Conclusions The present study found that PSM is dominant (i.e., both more effective and cost saving) compared with DOACs, 
adding to the scarce evidence of the comparative cost effectiveness of PSM and DOACs in NVAF.

Key Points for Decision Makers 

This study found that PSM is dominant (i.e., more effec-
tive and cost-saving) compared to DOAC. Even when 
including the applied uncertainty of the input parameters 
in the sensitivity analyses, PSM seems to be at least as 
cost-effective.

This study is based primarily on real-life data from a 
direct comparison of PSM and DOAC, which is expected 
to strengthen the results, and as a result of this, it pre-
sents a more realistic result of what to expect in real-life 
practice.
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1 Introduction

Individuals with non-valvular atrial fibrillation (NVAF) 
experience a fivefold increased risk of stroke [2–6]. 
NVAF-related strokes are associated with an increase in 
morbidity and mortality, decreased health-related qual-
ity of life, and increased healthcare utilization [6, 7]. To 
reduce the risk of stroke, NVAF patients are recommended 
anticoagulant treatment. Current guidelines include treat-
ment with vitamin K antagonists (VKAs), such as warfa-
rin, and direct oral anticoagulants (DOACs) [8]. DOACs 
have been shown to be superior to VKAs in decreasing the 
risk of thrombosis and avoiding adverse events, which is 
why guidelines recommend DOACs over VKAs [8–13]. 
However, the daily price of DOACs is currently approxi-
mately 10 times the daily price of warfarin [14]. To enable 
efficient utilization of the scarce resources of the health 
care system, it is important to identify cost-effective treat-
ments that generate the most value for money for society.

A meta-analysis from 2020 [15] found that the com-
parative benefit of DOACs is decreased compared with 
patient self-managed anticoagulant treatment with warfa-
rin (PSM). Studies have found PSM to be equal to [16–18], 
and even more effective than [19], various DOACs in pre-
venting thrombotic events, and some evidence [18, 20] 
suggests PSM is cost saving compared with DOACs; how-
ever, several of these studies are based on mixed patient 
populations [16, 18, 19] and indirect comparisons of PSM 
with DOACs [15, 17–21], which is why the applicability 
of the results to NVAF is debatable [1, 15].

In a recent registry-based study of PSM versus DOACs 
in a Danish NVAF population [1], Grove et al. found that 
PSM is associated with a lower risk of thrombotic events 
and no difference in the occurrence of major bleeding and 
mortality when used in real-life practice.

The present study evaluated the cost effectiveness of 
PSM versus DOACs for NVAF patients in the Danish 
healthcare setting using a model-based cost-utility analysis 
(CUA). Evidence on the clinical effectiveness of PSM and 
DOACs is mainly based on the study by Grove et al. [1].

2  Methods

This study focuses on a cohort of NVAF patients con-
sidered eligible for DOAC for whom PSM could be an 
alternative treatment option. In PSM, patients are educated 
in monitoring and adjusting their VKA treatment based 
on international normalized ratio (INR) measurements. 
The patients are in continuous contact with both a nurse 
and chief physician at a specialized outpatient clinic, and 

attend regular check-ups with their general practitioner 
(besides medication, DOAC treatment consists of regu-
lar check-ups with a general practitioner). The cohort was 
assumed to resemble the population reported by Grove 
et al. [1], while baseline characteristics of the study popu-
lation have been described elsewhere [1]. The approach 
of the study was from an extended Danish health care 
sector perspective, which consists of the perspective of 
the Danish healthcare sector but where patient-paid costs 
of medication related to anticoagulant treatment are also 
included. The choice of perspective was based on factors 
where the alternatives were expected to be different, i.e., 
the risk of acute events and medication costs. The results 
are expressed as the incremental cost-effectiveness ratio 
(ICER) of PSM compared with DOACs, based on the 
effect measure quality-adjusted life-years (QALYs). Since 
no threshold for cost effectiveness exists in Denmark, the 
British threshold of £20,000/QALY was used [22]. It was 
assumed that the British threshold was relevant, due to 
the similarities between the financing of the Danish and 
British health care systems [23]. An annual discount rate 
of 3.5% was applied to both costs and effects [24, 25]. 
This study was conducted in accordance with the Consoli-
dated Health Economic Evaluations Reporting Standards 
(CHEERS) checklist [26]. (For elaboration of the literature 
search, please see the electronic supplementary material 
[ESM].)

2.1  Model Structure

The CUA was performed using a Markov model with a 
lifetime horizon. The included alternatives in the Markov 
model, representing PSM and DOAC treatment, were 
structurally similar but included different probabilities of 
the events. Events included ischemic stroke (IS), myocar-
dial infarction (MI), pulmonary embolism (PE), systemic 
embolism (SY), deep venous thromboembolism (DVT), 
transient ischemic attack (TIA), intracranial bleeding (IB), 
gastrointestinal bleeding (GB), other major bleedings (MB), 
and death (Fig. 1).

A 3-month cycle length was chosen, reflecting the 
assumption that more adverse events were unlikely to 
occur per quarter [27]. IB, IS, and MI lead to ‘post-event 
health states’, which were created to reflect the assumption 
that the initiating events affect cost accumulation and/or 
patients’ health-related quality of life. Health states repre-
senting a combination of events were not included in the 
model. The transition to worse post-event health states was 
always applied and followed the hierarchy of MI, IS, and 
IB, with MI being considered the least severe event. For 
example, a patient with prior IB who experienced an IS 
would transition back to the post-IB health state, as living 
with previous IB was considered worse than the permanent 
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Fig. 1  Model structure. The Markov model for the two alternative 
treatment options (patient self-managed anticoagulant treatment with 
warfarin and direct oral anticoagulants) is structurally similar. A The 
events: No major clinical events, pulmonary embolism, systemic 
embolism, deep venous thromboembolism, transient ischemic attack, 
major bleeding, and gastrointestinal bleeding lead to continuation in 
the current health state (well, post intracranial bleeding, post ischemic 
stroke, or post myocardial infarction). B Surviving an ischemic stroke 
leads to transition to the post ischemic stroke health state, unless the 

current health state is post intracranial bleeding (in which case it will 
lead to continuation in the post intracranial bleeding health state). C 
Surviving a myocardial infarction leads to continuation in the post 
myocardial infarction health state, unless the current health state 
is post ischemic stroke (in which case it will lead to continuation in 
the post ischemic stroke health state) or post intracranial bleeding (in 
which case it will lead to continuation in the post intracranial bleed-
ing health state)
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impact that an IS would have on patients’ health-related 
quality of life and the need for healthcare over time. Input 
parameters for the model were based on estimates reflect-
ing current Danish practice.

To account for events occurring at discrete time points 
and not continuously over time, a half-cycle correction was 
performed for all cost and effects, counteracting potential 
overestimation of costs and effects due to rewards accumu-
lating at the start of cycles, and transitioning occurring at 
the end of cycles [28]. One of the authors (TBL) reviewed 
the model structure and possible transitions to ensure 
consistency with what is observed in clinical practice. To 
evaluate whether the modeled risk of thrombotic events, 
bleeding events and mortality can be compared with the 
risks expected in real-life practice, the modeled 10-year 
risk of thrombotic events, bleeding events and mortality 
was compared between PSM and DOACs. The model was 
constructed using TreeAge Pro 2022 R1.2 (Healthcare 
version; TreeAge Software, Williamstown, MA, USA; the 
software is available at http:// www. treea ge. com).

2.2  Transition Probabilities

To fit the 3-month cycle length of the model, all included 
transition probabilities were scaled to 3 months, assuming 
a constant rate in accordance with the methods described 
by Briggs et al. [29]. Rates were converted into probabili-
ties under the assumption of a constant rate model [31, 
32]. Input parameters limited within the range of 0–1, as 
for probabilities, were assumed to be outcomes of beta-
distributed derivates [30], whereas gamma distributions 
were assumed for non-negative parameters as rates. The 
probability of adverse events was assumed to be associated 
with the treatment (either PSM or DOAC), whereas the 
short-term mortality associated with adverse events was 
assumed to be associated with the adverse event. The prob-
ability of adverse events was based on unpublished data 
from the study by Grove et al. [1], while short-term mor-
tality associated with IS, MI, IB, GB, and MB was based 
on the literature [33–38]. DVT, PE, SY, and TIA were 
not assumed to cause death within the same cycle. Other-
cause (non-cardiovascular) mortality was included based 
on Danish national mortality charts, dependent on age 
[33]. When possible, estimates of standard error (SE) and 
95% confidence interval (CI) were retrieved directly from 
the data or the literature, or otherwise they were estimated 
based on either the relevant 95% CI or SE, respectively. 
When neither the SE nor the 95% CI was available, an 
assumed SE of 15% of the mean was used and the 95% CI 
was thereby calculated. Uncertainty in the input of other 
cause (non-cardiovascular) mortality was not included in 
the sensitivity analysis (Table 1).

2.3  Costs

All costs are presented in 2019 values and, when neces-
sary, adjusted using the consumer price index of hospital 
services [33]. Costs are presented in British pounds sterling 
(£) using exchange rates from the Bank of England as of 18 
June 2021 [39]. Relevant costs included costs related to the 
treatment and derived incident and long-term costs related 
to the occurrence of adverse events (Table 2).

PSM was associated with an initial cost in relation to 
patient education and an operational cost in relation to INR 
monitoring. In addition to contact with the specialized 
outpatient clinic, patients receiving warfarin treatment are 
advised to have 2-yearly check-ups with their general prac-
titioner [3]. Patient education consists of contact with a spe-
cialized outpatient clinic and written material/handouts. The 
costs associated with INR monitoring comprise equipment, 
medication, and feedback on measurements. Unit prices for 
the equipment, i.e., CoaguChek INRange monitor, Coagu-
Chek Softclix lancets, and CoaguChek XS [PT(PST)] test 
strips, were estimated with help from Roche Diagnostics 
A/S, Denmark. A discount on PSM equipment was included 
based on negotiation under the auspices of the North Den-
mark region, while estimation of labor costs associated with 
patient education and feedback was based on effective hourly 
wages. On average, PSM medication included warfarin 5 mg 
daily (2 × 2.5 mg tablets).

DOAC use was associated with an operational cost in 
relation to medication use. In addition, 4-yearly check-ups 
with a general practitioner were recommended in the first 
year of treatment, with 2-yearly check-ups in subsequent 
years [3]. In the study by Grove et al. [1], 68% of NVAF 
patients were treated with dabigatran etexilate, 23% were 
treated with rivaroxaban, and 9% were treated with apixa-
ban. In the present analysis, the same distribution of DOAC 
use was assumed. Daily doses of dabigatran etexilate were 
110 or 150 mg, rivaroxaban 15 or 20 mg, and apixaban 2.5 
or 5 mg [1]. (For elaboration of the estimation of costs asso-
ciated with PSM and DOAC treatment, please see the ESM.)

It was assumed that the costs of adverse events were 
referable to the 3-month cycle in which the adverse event 
occurred; however, IS and IB were also expected to entail 
long-term economic consequences. MI was assumed to not 
consist of long-term economic consequences, hence the 
main costs of MI are related to inpatient care [40], which 
are reflected in the diagnosis-related group (DRG) tariff. 
The costs of IS, IB, GB, and MB were based on Danish 
cost-of-illness studies [41, 42]. The incident costs consisted 
of healthcare costs, including inpatient and outpatient hos-
pital care, and contact with private practicing health profes-
sionals, such as general practitioners and physiotherapists. 
The long-term costs of IS and IB included costs of social 

http://www.treeage.com
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Table 1  Input parameters for risk of adverse events and mortality

DOAC direct oral anticoagulant, DVT deep venous thromboembolism, PSM patient self-managed anticoagulant treatment with warfarin, SE 
standard error, CI confidence interval, NA not available
a Expressed as rate per 100 patient-years. In the model, the rate per 1 patient-year is converted to 3-month probability using the following equa-
tion: prob = 1−eksp(−r*t)
b SE is calculated based on the 95% CI using the following equation: SE = (upper limit − lower limit)/3.92
c SE is asummed to be 15% of the mean. 95% CI is thereby estimated using the following equation: 95% CI = (mean−1.96*SE; mean+1.96*SE)
d Expressed as 3-month probability

Event Mean (95% CI) SE Distribution Notes Reference

PSM
Ischemic stroke 0.38 (0.16–1.13)a 0.2474b Gamma [1]
DVT 0.08 (0.06–0.10)a 0.0120c Gamma [1]
Pulmonary embolism 0.08 (0.06–0.10)a 0.0120c Gamma [1]
Systemic embolism 0.08 (0.06–0.10)a 0.0120c Gamma [1]
Myocardial infarction 0.38 (0.16–1.12)a 0.2449b Gamma [1]
Transient ischemic attack 0.30 (0.11–1.08)a 0.2474b Gamma [1]
Intracranial bleeding 0.23 (0.07–1.11)a 0.2653b Gamma [1]
Traumatic intracranial bleeding 0.08 (0.06–0.10)a 0.0120c Gamma Combined with intracranial bleeding in the model [1]
Major bleeding 1.22 (0.76–2.09)a 0.3393b Gamma [1]
Gastrointestinal bleeding 0.38 (0.16–1.12)a 0.2449b Gamma [1]
DOAC
Ischemic stroke 1.19 (0.83–1.76)a 0.2372b Gamma [1]
DVT 0.36 (0.18–0.84)a 0.1684b Gamma [1]
Pulmonary embolism 0.23 (0.06–1.56)a 0.3827b Gamma [1]
Systemic embolism 0.12 (0.04–0.49)a 0.1148b Gamma [1]
Myocardial infarction 0.55 (0.28–1.19)a 0.2321b Gamma [1]
Transient ischemic attack 0.49 (0.32–0.81)a 0.1250b Gamma [1]
Intracranial bleeding 0.18 (0.10–0.35)a 0.0638b Gamma [1]
Traumatic intracranial bleeding 0.11 (0.06–0.26)a 0.0510b Gamma Combined with intracranial bleeding in the model [1]
Major bleeding 0.55 (0.35–0.90)a 0.1403b Gamma [1]
Gastrointestinal bleeding 0.54 (0.32–0.96)a 0.1633b Gamma [1]
Mortality
Other cause, mortality 0.001833–0.004447 

(NA)d
NA NA 3-month mortality, based on data regarding popula-

tion count and mortality, depends on age from 
Statistics Denmark. Change in each cycle is 
dependent on age (assumed start age = 64 years). 
Estimates exclude cardiovascular mortality

[33]

Fatal intracranial bleeding 0.3141 (0.2217–
0.4064)d

0.0471c Beta 3-month mortality based on 1-year mortality of 
0.4711, assuming that two-thirds of events occur 
within the first 3 months following the event

[38]

Fatal ischemic stroke 0.2070 (0.1461–
0.2679)d

0.0311c Beta 3-month mortality based on Danish patients with 
first-ever ischemic stroke and atrial fibrillation

[34]

Fatal myocardial infarction 0.0860 (0.0607–
0.1113)d

0.0129c Beta 3-month mortality based on 29- to 365-day mortal-
ity of 0.129. Estimate based on the assumption 
that two-thirds of events occur within the first 3 
months following the event (counting from day 0)

[37]

Fatal major bleeding 0.05 (0.04–0.06)a 0.0075c Gamma Estimate based on the assumption that two-thirds of 
events occur within the first 3 months following 
the event

[35]

Fatal gastrointestinal bleeding 0.05 (0.04–0.06)a 0.0075c Gamma 3-month mortality assumed equal to fatal major 
bleeding
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care and contacts within the healthcare system that could 
be ascribed to the initial event. Incident costs of MI, SY, 
DVT, PE, and TIA were based on the Danish DRG system 
[43] from 2019.

All costs were included as gamma distributions [30] 
based on means and an assumed SE of 15% of the mean 
value of the parameter.

2.4  Quality‑Adjusted Life‑Years

Utility and disutility weights were ascribed to health states 
and events to enable estimation of QALYs gained with PSM 
and DOACs. Because no utility and disutility weights have 
been estimated for the Danish population, these were based 
on the literature, with estimates primarily from a British 
population and one estimate from an American population 
[44, 45].

The cohort was ascribed a baseline utility reflecting a 
starting age of 64 years [1]. Disutility weights were applied 
for NVAF, treatment, adverse events, and increasing age. 
The disutility associated with adverse events was assumed 

to be temporary, lasting for the cycle in which they occurred, 
although IB, IS, and MI was assumed to also cause perma-
nent disutility. Death was ascribed a utility weight of zero. 
Disutility related to age was included, with a constant linear 
increase of 0.00029 per year. Uncertainty in the input disutil-
ity related to age was not included in the sensitivity analysis. 
The estimates of baseline utility and disutility of other events 
were included as beta distributions [30]. Weights and param-
eters for estimation of QALYs are given in Table 3.

2.5  Sensitivity Analyses

Sensitivity analyses were performed to investigate the 
robustness of the results. The deterministic sensitivity 
analyses included one-way sensitivity analyses. For these, 
input parameters were ascribed a range based on their 
95% CI. When a 95% CI was not available, a symmetric 
range was applied based on the mean value of the param-
eter ± 1.96 × SE. When an SE of 15% of the mean value was 
assumed, this was used.

Table 2  Input parameters for treatment costs

DOAC direct oral anticoagulant, DRG diagnosis-related group, DVT deep venous thromboembolism, GP general practitioner, INR international 
normalized ratio, PSM patient self-managed anticoagulant treatment with warfarin, SE standard error, CI confidence interval, NA not available
a SE is asummed to be 15% of the mean. 95% CI is thereby estimated using the following equation: 95% CI = (mean–1.96*SE;mean+1.96*SE)

Treatment £ (95% CI) SE Distribution Note Reference

PSM, patient education 104.60 (73.85–135.35) 15.69a Gamma Applied as an initial cost
PSM, INR monitoring 117.31 (82.82–151.79) 17.60a Gamma Applied as an operational cost per 

cycle
DOAC 249.29 (176.00–322.59) 37.39a Gamma Applied as an operational cost per 

cycle
Consultation with GP 16.56 (NA) NA NA Code 0101, consultation, applied as 

a cost per consultation
[49]

Ischemic stroke, incident cost 13,266.25 (9365.97–17,166.53) 1989.94a Gamma Cost per event [41]
Ischemic stroke, long-term cost 221.90 (156.66–287.14) 33.29a Gamma Annual cost after the incident year [41]
DVT 2667.94 (1883.56–3452.31) 400.19a Gamma Cost per event = DRG 2019, tariff 

05MA12
[43]

Pulmonary embolism 3746.52 (2645.04–4848.00) 561.98a Gamma Cost per event = DRG 2019, tariff 
04MA04

[43]

Systemic embolism 2667.94 (1883.56–3452.31) 400.19a Gamma Cost per event = DRG 2019, tariff 
05MA12

[43]

Myocardial infarction 2192.04 (1547.58–2836.50) 328.81a Gamma Cost per event = DRG 2019, tariff 
05MA01

[43]

Transient ischemic attack 2338.82 (1651.21–3026.43) 350.81a Gamma Cost per event = DRG 2019, tariff 
01MA13

[43]

Intracranial bleeding, incident cost 13,805.00 (9746.33–17,863.67) 2070.75a Gamma Cost per event [42]
Intracranial bleeding, long-term cost 57.23 (40.40–74.05) 8.58a Gamma Annual cost after the incident year [42]
Major bleeding 7022.84 (4958.13–9087.56) 1053.43a Gamma Cost per event [42]
Gastrointestinal bleeding 10,675.23 (7536.71–13,813.74) 1601.28a Gamma Cost per event [42]
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Scenario analyses were also performed as follows.

• Scenario 1: The average daily price of a DOAC was 
reduced by 80% to reflect the DOAC patent expiry [46].

• Scenario 2: Changing the time horizon to 1 year.
• Scenario 3: Discount rate of 0% was applied for both costs 

and effects.
• Scenario 4: The discount on PSM equipment included in 

the base-case analysis was removed.
• Scenario 5: The IS risk associated with DOACs was 

applied for both DOACs and PSM.

The probabilistic sensitivity analysis (PSA) consisted of 
a second-order Monte Carlo simulation with 1000 iterations 
based on random draws from the input parameter distributions.

3  Results

The base-case analysis showed that PSM, with a cost accu-
mulation of £10,364 and QALY accumulation of 9.78 over 
the lifetime horizon, dominated DOACs, which accumulated 

£18,860 and 9.55 QALYs, rendering PSM both cost sav-
ing and more effective compared with DOACs (ICER = 
−£36,935/QALY). The modeled 10-year risks of bleeding 
events and mortality in PSM and DOACs were, in general, 
similar (18% vs. 13%, and 14% vs. 15%, respectively), 
whereas the risk of thrombotic events was increased with 
DOACs by more than a factor of 2 (27% vs. 12%). This 
is consistent with the findings of Grove et al., that PSM is 
associated with a lower risk of thrombotic events and no 
difference in bleeding events and death [1].

All sensitivity analyses indicated that the result was 
robust. The one-way sensitivity analyses showed that PSM 
remains cost effective compared with DOACs within the 
investigated input parameter ranges (see Fig. S1 in the 
ESM). The PSA was visualized in an incremental cost-effec-
tiveness scatterplot and a cost-effectiveness acceptability 
curve (Figs. 2 and 3). The cost-effectiveness acceptability 
curve showed that 95% of the iterations were cost effective 
at a threshold of £20,000/QALY (Fig. 3). Table 4 shows the 
results of the base-case analysis and the scenario analyses. 
None of the investigated scenarios indicated that PSM would 
be cost ineffective compared with DOACs when applying 

Table 3  Input parameters on utility/disutility weights

CCC  Clinical Care Classification System, DVT deep venous thromboembolism, ICD-9 International Classification of Diseases, 9th revision, SE 
standard error, CI confidence interval, NA not available
a 95% CI is estimated using the following equation: 95% CI=(mean–1.96*SE;mean+1.96*SE)
b SE is calculated based on the 95% CI using the following equation: SE = (upper limit–lower limit)/3.92

Event Utility weight (95% CI) SE Distribution Notes Reference

Baseline utility 0.774 (0.7664–0.7816)a 0.0039 Beta Value based on a utility value of age between 60 
and 69 years

[44]

Atrial fibrillation 0.0246 (0.0142–0.0350)a 0.0053 Beta Disutility of CCC 106: Cardiac dysrhythmias [44]
Age decrement 0.00029 (NA) NA NA Disutility per year [44]
Treatment 0.002 (0–0.04) 0.0102b Beta Disutility assumed equal to acetylsalicylic acid 

treatment. CI 0–0.04
[45]

Ischemic stroke 0.1009 (0.0768–0.1250)a 0.0123 Beta Disutility of CCC 109: Acute cerebrovascular dis-
ease Assumed to be a permanent disutility

[44]

Systemic embolism 0.0390 (0.0174–0.0606)a 0.0110 Beta Disutility of ICD-9 444: Arterial embolism and 
thrombosis

[44]

Transient ischemic attack 0.0330 (−0.0087 to 0.0747)a 0.0213 Normal Disutility of ICD-9 435: Transient cerebral 
ischemia

[44]

Pulmonary embolism 0.0557 (0.0373–0.0741)a 0.0094 Beta Disutility of CCC 118: Phlebitis, thrombophlebitis, 
and thromboembolism

[44]

Myocardial infarction 0.0557 (0.0373–0.0741)a 0.0094 Beta Disutility of CCC 100: Acute myocardial infarc-
tion. Assumed to be a permanent disutility

[44]

DVT 0.0646 (0.0358–0.0934)a 0.0147 Beta Disutility of ICD-9 453: Other venous embolism 
and thrombosis

[44]

Intracranial bleeding 0.1009 (0.0768–0.1250)a 0.0123 Beta Disutility of CCC 109: Acute cerebrovascular dis-
ease. Assumed to be a permanent disutility

[44]

Major bleeding 0.0634 (0.0454–0.0814)a 0.0092 Beta Disutility of ICD-9 459: Other disorders of the 
circulatory system

[44]

Gastrointestinal bleeding 0.0634 (0.0454–0.0814)a 0.0092 Beta Disutility of ICD-9 459: Other disorders of the 
circulatory system

[44]
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Fig. 2  Incremental cost-effectiveness scatter plot (PSM vs. DOACs). 
The dotted line illustrates the assumed threshold for cost effectiveness 
of £20,000/QALY. DOACs direct oral anticoagulants, PSM patient 

self-managed anticoagulant treatment with warfarin, QALY quality-
adjusted life-year, WTP willingness to pay

Fig. 3  Cost-effectiveness acceptability curve. PSM is indicated by the red line and DOACs are indicated by the blue line. DOACs direct oral 
anticoagulants, PSM patient self-managed anticoagulant treatment with warfarin
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the threshold for cost effectiveness of £20,000/QALY. Given 
the changes investigated, all sensitivity analyses indicated 
that PSM is either dominant or cost effective compared with 
DOACs (Table 4).

4  Discussion

This CUA found that PSM is both cost saving and more 
effective than DOACs. The results were robust, although 
some scenario analyses indicated that, under specific con-
ditions, the total cost of PSM may be higher than the total 
cost of DOACs, but given the assumed threshold for cost 
effectiveness of £20,000/QALY, PSM would remain cost 
effective.

This study does have some limitations. The applied mod-
els may not reflect the management that would be observed 
in real-life practice. For example, it is likely that adverse 
events trigger a clinical evaluation of whether to discontinue 
or switch treatment. In addition, the occurrence of adverse 
events is known to increase the risk of secondary events [36] 
but this has not been incorporated into the models. However, 
we do not assume that these limitations affect the overall 
results of the analysis. It should be noted that this analysis 
was conducted in the setting of the Danish health care sector 
and transferability to other settings could affect the results. 
Furthermore, this analysis was limited to a narrow perspec-
tive, i.e., the public Danish health care sector extended with 
costs related to medication. A societal perspective would 
include more costs, i.e., costs related to the consumption of 
time for patients and relatives, consumption of materials, 
and productivity loss, which could possibly affect the results. 
Furthermore, the study was based on British and American 
utility estimates, which consist of a limitation in the reflec-
tion of a Danish population; however, this is assumed to not 
reflect the incremental effectiveness of this study since the 
estimates are used in both alternatives.

This study is strengthened by the fact that events in the 
model are based on real-life data from a direct comparison 
of PSM and DOACs [1]. The application of effectiveness 

data rather than efficacy data, as would have been retrieved 
from trials, expectedly provides more realistic results for 
the expected comparative cost effectiveness of PSM and 
DOACs. To the best of our knowledge, this study is the 
first model-based CUA comparing PSM and DOACs using 
direct, real-life data.

The results of this study are consistent with the findings 
of other studies, which have also found that PSM is cost 
saving [18, 20] and equally [16–18], if not more, effective 
as DOACs [19].

Even though this study presents PSM as a viable alterna-
tive to DOACs, not all patients are eligible for PSM. The 
quality of PSM is highly dependent on patients’ ability to 
self-monitor and their acceptability of the treatment. A Dan-
ish Health Technology Assessment from 2009 [47] indicated 
that only 33% of patients are likely to accept PSM. This 
is comparable with a British study [48], which found that 
24% of patients were likely to agree to self-monitor and only 
14% of them would persist in the long-term. However, it is 
debatable whether these estimates are obsolete given the 
age of the publications. It is possible that a higher level of 
acceptability and adherence to self-monitoring and other 
digital healthcare solutions would be observed today due 
to a general increase in digitized everyday life. Thus, the 
proportion of patients who could be eligible for and/or prefer 
PSM could be higher.

5  Conclusions

With the application of an extended Danish healthcare 
sector perspective and a lifetime horizon, PSM appears 
to be both more effective and cost saving compared with 
DOACs in NVAF, producing an ICER of −£36,935/
QALY. Sensitivity analyses indicated that the result was 
robust. Even in simulations of patent expiry of DOACs, 
PSM remained cost effective. The evidence base for the 
current study is highly specific to the Danish setting, and 
direct transferability of results to other settings must be 

Table 4  Results of base-case 
analysis and scenario analyses 
(PSM vs. DOAC)

DOAC direct oral anticoagulant, ICER incremental cost-effectiveness ratio, PSM patient self-managed anti-
coagulant treatment with warfarin, QALY quality-adjusted life-years

Scenario Incremental cost (£) Incremental 
QALY

ICER (£)

Base-case analysis −8495 0.23 −36,935
Scenario 1: DOAC patent expiry 1907 0.23 8291
Scenario 2: Change to 1-year time horizon −533 0.00 –
Scenario 3: No discount rate −11,932 0.37 −32,249
Scenario 4: No regional discount on PSM equipment −7652 0.23 −33,270
Scenario 5: Similar rate of ischemic stroke −6640 0.01 −664,000
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addressed in that context. Nonetheless, this study adds to 
the scarce evidence on the cost effectiveness of PSM and 
DOACs in NVAF.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s41669- 022- 00337-3.
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