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ABSTRACT
Background: Little is known about the costs associated with vitamin K antagonist (VKA) treat-
ment in patients with non-valvular atrial fibrillation (NVAF) in France.
Objectives: To evaluate monthly per-patient costs attributable to VKA treatment in NVAF
patients from a French societal perspective.
Study design: Retrospective data were obtained from 7 international normalised ratio (INR)
monitoring centres in France. Patients older than 18 years of age with NVAF treated with VKA
were recruited. Additional patient-level data assessing resource use corresponding with VKA
treatment were collected via self-completed questionnaires. Unit costs applicable to 2015 were
multiplied by resource use and summed to generate VKA treatment costs.
Results: 363 patients were included; 53% were men. The majority of patients received fluindione
(72%). The number of INR tests per patient per month was 1.69 (95% CI, 1.59–1.80). The monthly
patient cost was €39.72 (€36.23–43.21) from the French societal perspective. Direct medical costs
comprised 76% of overall costs, with drug costs representing 7.4% (€2.4); direct non-medical and
indirect costs comprised 10% and 14% respectively.
Conclusions: Costs associated with VKA treatment in NVAF cannot be estimated only with drug
costs. When direct and indirect attributable costs associated with VKA treatment are considered,
the VKA treatment costs are more substantial.
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Background

Atrial fibrillation (AF) is themost common cardiac arrhyth-
mia and is independently associated with increased mor-
bidity and mortality [1]. Prevalence rises with age and it
has been estimated that 1 in 4 individuals will develop AF
during their lifetime. Patients with AF typically have
comorbid, high-risk cardiovascular and/or metabolic con-
ditions [2]. AF is associated with serious complications
such as stroke, and a reduced quality of life for both
patients and their caregivers [3].

Stroke is the most common complication of AF, and
prophylactic anticoagulant pharmacotherapy is
a treatment mainstay. A number of oral anti-
thrombotic drugs are indicated to prevent stroke and
systemic embolism in adults with non-valvular atrial
fibrillation (NVAF), the most common type of AF.
These include the vitamin K antagonists (VKAs) and
direct oral anticoagulants (DOACs). Both VKAs and

DOACs have been shown to be effective in preventing
stroke in patients with NVAF [4]. No specific antidote is
currently available to enable immediate reversal of the
anticoagulant effect of DOACs in cases of severe bleed-
ing. However, VKAs have limitations that include multi-
ple drug–food and drug–drug interactions and dietary
restrictions [5]. Furthermore, VKA treatment only works
optimally when drug concentrations are in the appro-
priate therapeutic range, assessed using the interna-
tional normalised ratio [INR]. Patients typically require
frequent dose adjustments and INR monitoring during
early VKA treatment, as well as regular monitoring
thereafter [4,6]. DOACs do not require INR monitoring
and are effective and safe. International guidelines,
such as the European Society of Cardiology (ESC) guide-
lines, acknowledge that DOACs have substantial safety
benefits and moderately improved efficacy over
VKAs [4]. In particular, clinical trials have found that
DOACs significantly reduce overall mortality as well as
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the incidence of intracranial haemorrhage and haemor-
rhagic stroke compared with VKAs [7–10]. Additionally,
several real-world analyses have confirmed that DOACs
offer improved clinical efficacy compared with VKAs
[11,12]. Retrospective analyses have also identified
improved patient-reported benefit, reduced burden
[13], and greater treatment adherence [14] in patients
treated with DOACs compared with VKAs. However, the
role of DOACs in NVAF treatment in the European
Union (EU) and other regions has typically remained
secondary, often due to cost considerations [4,6,15]. In
France specifically, VKAs such as acenocoumarol, fluin-
dione, and warfarin remain the most common oral
anticoagulant therapies used [16].

Emerging international data suggest that the cost of
VKA treatment dramatically increases when INR monitor-
ing and relevant medical expenses beyond drug costs are
taken into account [17,18]. To address this question, the
present study evaluates the attributable costs associated
with VKA treatment in patients with NVAF from the socie-
tal perspective in France, a country where approximately
200,000 new cases of NVAF occur per year [19].

Study design

Study setting

The study was a retrospective INR monitoring centre
chart review linked with a patient self-completion ques-
tionnaire. Patients were recruited from French INR mon-
itoring centres (‘laboratoires d’analyses medicales’)
located in urban areas across France. To be eligible for
study participation, INR monitoring centres were
required to perform at least 75 INR tests per week.

Patient data were obtained from two sources: (a) retro-
spective information from INRmonitoring centres; and (b)
patient input via a self-completion questionnaire. Patients
usually travelled to monitoring centres for INR testing, but
in some cases, patients could not travel due to disability.
Therefore, medical professionals who performed blood
collection from these patients were asked to screen and
recruit them at patient homes or at nursing homes
instead of at the INR monitoring centre as for the others.

Study population

Patients were required to be ≥18 years of age, with a diag-
nosis of NVAF, and taking VKA medication (acenocou-
marol, fluindione, or warfarin). Additionally, patients had
to receive INR testing at least once during the data collec-
tion period. Patients were excluded from the analysis if
they were participating in another clinical study, had valv-
ular heart disease or valvular prosthesis, or were being

treated with injectable anticoagulants or DOACs, including
apixaban, dabigatran, rivaroxaban, or edoxaban.

Data collection

INR monitoring centres were asked to complete
a questionnaire for each patient providing information
within the last 6 months on frequency of INR testing,
frequency of concomitant biologic tests, frequency of
patient blood sampling performed at home, prescriber
of INR testing, healthcare provider who performed INR
testing and tariffs invoiced for the last INR.

Patients were asked to complete a self-completion
questionnaire providing information on resource use
associated with VKA treatment. Patients were asked to
report on direct medical, non-medical, and indirect costs
associated with their treatment; these cost components
are summarised in detail below in the section entitled
‘Endpoints’. Patients were asked to complete and return
the form in person or by mail using a prepaid envelope.

The INR monitoring centres used provisional identifica-
tion (ID) information to connect centre questionnaires
and patient questionnaires. Following this, the ID was
removed from both documents and all information
obtained was forwarded to a third-party organisation
responsible for data entry and management.

Endpoints

The primary study endpoint was costs attributable to
VKA treatment in patients with NVAF, calculated from
the French societal perspective. Attributable costs com-
posed the sum of direct medical costs, direct non-
medical costs, and indirect costs. Direct medical costs
included: costs associated with INR testing, physician
consultations (general practitioner or cardiologist)
related to VKA monitoring, costs associated with VKA
pharmacy consultations and VKA drug costs. Direct
non-medical costs included costs associated with trans-
portation for INR testing. Indirect costs included lost
productivity, patient opportunity costs and patient’s
relative opportunity costs.

Total costs associated with INR monitoring were
obtained by multiplying identified resource use by 2015
national unit costs obtained from L’Assurance Maladie, the
official French health insurance organisation [20].
Productivity loss costs were calculated based on hourly
mean labour cost in France, whereas opportunity costs
associated with patients and relative time spent on VKA
monitoring were calculated based on the French minimal
hourly net wage. The Supplemental Material summarises
in detail all unit costs and related references.
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Attributable costs were defined as costs directly attri-
butable to VKA treatment, including costs of physician
consultations during which only follow-up of VKA treat-
ment was discussed, and costs of associated travels and
time. Likewise, activities of INR testing (e.g. blood col-
lection and management of blood sample) that were
shared by the INR test and concomitant tests were not
considered in the cost calculation. Finally, costs of
patient travel to INR monitoring centre when concomi-
tant tests were performed were not considered.

INR test costs were calculated based on tariffs
reported for previous INR tests, with the average of
reported tariffs used as unit cost. Two average unit
costs were calculated: one for INR tests performed at
the INR monitoring centre and one for INR tests per-
formed outside the INR monitoring centre. INR test
costs were then calculated by multiplying the number
of tests by unit costs. The study questionnaire did not
collect the distinction between consultations at
a physician’s office or other locations. The proportion
of consultation locations was assumed to be the same
as the proportion of INRs performed at home versus
those performed at the INR monitoring centre.

Statistical methods

Descriptive data analyses were performed using summary
statistics for categorical and continuous data. Results were
used to describe overall attributable VKA treatment costs,
as well as specific cost components, from the French socie-
tal perspective. Continuous data were described by mean,
standard deviation, and 95% confidence intervals (CIs).
Categorical data were described using absolute and rela-
tive frequencies.

The following procedures were used to handle missing
data: (a) for categorical variables, the most frequent
response in the sample was imputed; and (b) for contin-
uous variables, the sample average for the variable was
imputed. No imputation was performed for variables not
considered in cost calculations (i.e. sociodemographic vari-
ables, medical history and comorbidities). Data manage-
ment and primary statistical analyses were conducted
using the SAS Analytics Pro release 9.3.

The targeted sample size was 400 patients; this was
calculated based on a 95% CI margin of error of 10% for
the primary outcome.

Results

INR monitoring centre site description

Data from participating INR monitoring centres were col-
lected between 18 January 2015 and 14 February 2016.

Seven INR monitoring centres (located in Grenoble,
Montpelier, Narbonne, Nîmes, Paris, Rennes, and Toulon)
participated in the study. Patients were recruited on
a consecutive basis by healthcare professionals working
at participating INR monitoring centres. The recruitment
window was 6 weeks, with the exception of the
Montpelier centre that was willing to participate only for
4 weeks.

Patient baseline demographic characteristics

A total of 415 patients were recruited; 51 did not meet
the inclusion criteria (46 patients did not report NVAF
and 5 reported participating in a clinical study).
Additionally, 1 patient was excluded due to missing
INR testing data. Therefore, the target analysis group
included 363 patients.

Table 1 shows the patients’ sociodemographic and
clinical characteristics; 53% were male and >80% were
>70 years of age. Almost all patients (96%) were retired.
More than 80% lived in an urban area (with >5,000 inha-
bitants). The majority (58%) lived with family, 30% lived
alone, and slightly less than 10% lived in a nursing home.
On average, patients reported having NVAF for 6.5 years.

In terms of VKA treatment, 72% of patients were
treated with fluindione, 21% with warfarin, 6% with
acenocoumarol, and <1% with a combination of war-
farin and fluindione. Almost all patients (99%) had been
taking VKA therapy for longer than 3 months.

Table 1. Patient sociodemographic characteristics.
Variables N = 363

Sex N = 290a

Female 135 (46.55%)
Age (years) N = 360
≤20–40 0
41–60 11 (3.06%)
61–70 34 (14.16%)
71–80 114 (31.67%)
81–90 149 (41.39%)
>90 35 (9.72%)

Work status N = 358
Full-time employed 12 (3.35%)
Part-time employed 1 (0.28%)
Retired/pensioner 344 (96.09%)
Student 0
Unemployed 1 (0.28%)

Living area N = 363
Rural area (<5,000 habitants) 59 (16.25%)
Urban area (>5,000 habitants) 297 (81.82%)
Not reported 7 (1.93%)

Family status N = 360
Live alone 117 (32.50%)
Live with partner/family 210 (58.33%)
Live with friends 0
Live in a nursing home 33 (9.17%)
Homeless 0

Time since NVAF diagnosis (years)b 6.53 (5.30–7.77)
a73 (20.11%) patients did not report their sex.
bMean (95% confidence interval).
NVAF: non-valvular atrial fibrillation.
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Resource use

The average number of VKA tablets taken per day in
patients on fluindione 20 mg, warfarin 2 mg, warfarin
5 mg, acenocoumarol 4 mg and acenocoumarol 1 mg
were 0.85 (95% CI, 0.78–0.91), 1.44 (1.24–1.63), 0.93
(0.84–1.02), 0.74 (0.50–0.98) and 1.94 [CI not calcu-
lated because of small number of patients taking
acenocoumarol 1 mg tablets (N = 5)] respectively.
Seventy-one percent of patients reported receiving
their VKA prescription from their general practitioner
(GP), whereas 29% had their medication prescribed
by a cardiologist.

The number of INR tests per patient per month was 1.69
(95% CI, 1.59–1.80), as is shown in Figure 1. Eighty-three
percent of INR tests were performed without concomitant
medical testing, and 36% showed out-of-range results.
Forty percent of INR tests were performed outside of the
INRmonitoring centre. Fifty-two percent of patients seen at
the centre had to return to the INR monitoring centre to
obtain results.

Seventy-one percent of patients indicated that they
discussed their INR results with a physician at some time,
but the majority (86%) initiated discussion only when INR
results were out of range; these conversations usually took
place by phone (82.5%). Only 4% of patients (n = 15)
reported any pharmacy consultations within the last
6 months. Most patients travelled to physician offices by
car (n = 186, 51%) and to the INR monitoring centre and
pharmacy on foot (n = 130, 54%; n = 10, 67%; respectively).
Patients reported spending an average of 22, 15, and
13 minutes at the physician office, INR monitoring centre,
and pharmacy respectively, and 22, 17, and 10 minutes of
travel time for these visits respectively. Patients did not
report any lost work time for themselves or their relatives,
with the exception of 1 patient who reported 1 hour lost.

Costs

As shown in Table 2, the assessed monthly attributable
cost of VKA treatment from the French societal perspec-
tive was €39.72 per patient (95% CI, €36.23–43.21). Direct
medical costs composed 76% of total costs (€30.36), direct
non-medical costs were 10% (€4.01), and indirect costs
were 14% (€5.68). Cost of VKA drugs represented 7.4% of
total costs (€2.94). When evaluating direct medical costs,
INR tests were the most costly component, representing
83% (€25.15) of the category sub-total, whereas VKA
drugs represented 9.7% (€2.94).

Discussion

Results synthesis/interpretation

This study evaluated the attributable costs associated with
VKA treatment for NVAF from a French societal perspec-
tive and found that total costs are not adequately
approximated when only drug is considered. Specifically,
VKA drug costs were less than €3 per patient per month,
but the total direct medical, direct non-medical, and indir-
ect costs related to VKA treatment and INR monitoring
were approximately €40 per patient per month.

There is a common perception that because VKAs are
generic they offer a less expensive alternative to DOACs.
However, our results call this into question and align
with recent research conducted in France and elsewhere.
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Figure 1. Number of INR tests per patient per month. INR:
international normalised ratio.

Table 2. Breakdown of monthly costs attributable to VKA treat-
ment from French societal perspective.
Cost component (€) Mean € (SD) 95% CI

Direct medical costs 30.36 (18.76) 28.42–32.29
VKA drugsa 2.94 (1.74) 2.76–3.12
INR testsb 25.15 (18.05) 23.28–27.01
Pharmacy consultations 0.28 (1.35) 0.14–0.42
Physician consultationsc 1.99 (3.53) 1.63–2.35

Direct non-medical costs 4.01 (20.03) 1.94–6.07
Transportation costsd 4.01 (20.03) 1.94–6.07

Indirect costs 5.36 (5.68) 4.77–5.94
Productivity losse 0.02 (0.31) –f

Time for transportation and time
spent at INR monitoring centre,
physician office, pharmacy by patient

4.94 (4.45) 4.48–5.40

Time for transportation and time
spent at INR monitoring centre,
physician office, pharmacy by relative

0.40 (2.26) 0.16–0.63

Total 39.72 (33.80) 36.23–43.21
aOnly drug costs.
bINR tests costs included INR tests costs and nurse travel costs when
relevant.

cPhysician consultation costs included general practitioner and cardiologist
consultations costs and travel when relevant.

dTransportation costs included transportation of patient to INR monitoring
centre, physician office, pharmacy.

eOne patient lost 1 hour of work within the last 6 months, valued at French
hourly labour cost €35.

fCI not calculated because of small number of patients with such costs
(N = 1).

CI: confidence interval; INR: international normalised ratio; SD: standard
deviation; VKA: vitamin K antagonist.
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A French analysis published in 2016 examined this ques-
tion from the national health insurance perspective and
reported that substantial monitoring costs are incurred
with VKA treatment. The analysis found that while VKA
drug costs in 2013 were €40 million, INR measurements
cost €156 million and hospitalisations for VKA complica-
tions €90 million. The author concluded that total annual
direct costs in France for AF treatment with VKAs prob-
ably exceed €300 million per year when the costs of
complications due to VKA dosing miscalculations are
considered [21]. However, the author did not evaluate
direct non-medical costs, indirect costs, or certain direct
medical costs (e.g. physician visits related to INR testing),
which means that the results of the analysis cannot
readily be extrapolated to a societal perspective.
Furthermore, the analysis was conducted from
a national perspective using a top-down method to
calculate costs in the population of VKA-treated patients,
which makes it difficult to compare the results with
those of the study published here, because our study
evaluated costs per patient with NVAF.

It is important to emphasise the conservative nature
of this analysis. To be included, direct and indirect costs
had to be directly attributable to VKA treatment. For
example, a patient consultation in which medical issues
other than VKA were discussed was not considered in
the primary analysis. Likewise, costs associated with
treatment-related hospitalisations were not assessed.
Attributable costs as measured in this study are in line
with the French Haute Autorité de Santé (HAS) guide-
lines because they relate to the production cost of care,
wherein costs associated with time spent by patients
are to be included [22].

An exploratory analysis was conducted to evaluate the
financial impact of VKA treatment when all costs were
considered and not only attributable cost. When these
cost assumptions were applied, total per-patient per-
month costs for VKA management rose to €56.25 from
the societal perspective.

Limitations

Toour knowledge, this study is the first to evaluate the costs
attributable to VKA treatment in NVAF management in
France from a societal perspective. Several potential limita-
tions to this analysis should be noted. Patient selection was
conducted by healthcare professionals responsible for
blood collection (i.e. technicians or nurses); this approach
maybe less reliable thanpatient selectionby aphysician. To
limit any bias or error, and to confirm patient diagnosis,
patients were asked to self-report their reasons for VKA
treatment on the self-completion questionnaire.

As with any patient self-completion questionnaire,
recall bias might occur. To limit this, the recall period
was limited to a maximum of 6 months.

INR test costs were calculated using the tariffs reported
only for the last patients’ INR tests, because it was not
feasible to collect tariff data for all INR tests performed
within the last 6 months. However, the last tariffs are likely
to be representative of the 6-month tariffs.

It was assumed that the location of consultations
(physician office versus patient home) was similar to
the location of INR tests (centre versus home). This
assumption seems reasonable because locations
depend only on patients’ ability to move; patients are
not reimbursed for consultations or other medical
resource use at home if they are able to move in
order to get the medical services at dedicated medical
locations.

In terms of the generalisability of results, the study
sample closely corresponds to a stable French NVAF
population. For example, 70% of the sample was older
than 76 years. In France, two-thirds of NVAF patients are
older than 75 years [19]. However, some differences
between our sample and the overall population should
be noted. This study included only 59 patients (16% of
sample) residing in rural areas (defined as a town of
fewer than 5,000 inhabitants). Therefore, these patients
were slightly under-represented based on 2007 esti-
mates indicating that 22.5% of French residents live in
a rural area [23]. No data are available on the incidence
of NVAF in France in rural areas compared with urban
areas, and this is a further limitation of the study. Lastly,
only 5 patients reported initiating VKA medication
within the last few months. This makes it possible that
patients with incident NVAF might be under-
represented. If this is the case, the overall costs
observed in this study are likely to have been under-
estimated because incident patient costs are typically
higher [4].

Conclusions

This study confirms that the cost of VKA treatment from
the French societal perspective should not be assessed
based on drug costs alone. In light of the clinical ben-
efits of DOACs and the costs associated with VKA treat-
ment, our results suggest that DOACs may represent
a better option for first-line treatment for French
patients with NVAF. This conclusion is in line with
European Society of Cardiology recommendations [4],
but would require confirmation in a fuller comparison
of the costs involved in treatment with VKAs and
DOACs.
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