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ABSTRACT
Objective: To assess the frequency of warfarin use, the
achieved international normalised ratio (INR) balance
among warfarin users and the primary healthcare
outpatient costs of patients with atrial fibrillation (AF).
Design: Retrospective, non-interventional registry
study.
Setting: Primary healthcare.
Participants: All patients with AF (n=2746) treated in
one Finnish health centre between October 2010 and
March 2012.
Methods: Data on healthcare resource use, warfarin
use, individually defined target INR range and INR test
results were collected from the primary healthcare
database for patients with AF diagnosis. The analysed
dataset consisted of a 1-year follow-up. Warfarin
treatment balance was estimated with the proportion of
time spent in the therapeutic INR range (TTR). The cost
of used healthcare resources was valued separately with
national and service provider unit costs to estimate the
total outpatient treatment costs. The factors potentially
impacting the treatment costs were assessed with a
generalised linear regression model.
Results: Approximately 50% of the patients with AF
with CHADS-VASc ≥1 used warfarin. The average TTR
was 65.2% but increased to 74.5% among patients
using warfarin continuously (ie, without gaps exceeding
56 days between successive INR tests) during follow-
up. One-third of the patients had a TTR of below 60%.
The average outpatient costs in the patient cohort were
€314.44 with the national unit costs and €560.26 with
the service provider unit costs. The costs among
warfarin users were, on average, €524.11 or €939.54
higher compared with the costs among non-users,
depending on the used unit costs. A higher TTR was
associated with lower outpatient costs.
Conclusions: The patients in the study centre using
warfarin were, on average, well controlled on warfarin,
yet one-third of patients had a TTR of below 60%.

INTRODUCTION
Atrial fibrillation (AF) is the most common
form of cardiac arrhythmia. Its prevalence
increases with age and has been estimated to

be around 1%.1 2 As AF increases the risk of
thromboembolic complications, Finnish
treatment guidelines recommend oral antic-
oagulation treatment for patients whose
CHA2DS2-VASc score is at least 1, and whose
risk of stroke equals or exceeds 1% per
annum.3 For decades the main alternative
for anticoagulation treatment has been war-
farin. Warfarin has a narrow therapeutic
window and requires frequent monitoring to
maintain the desired treatment targets. As a
result, warfarin treatment places a burden on
the healthcare sector, especially in areas with
ageing populations.
In recent years, new oral anticoagulation

(NOAC) alternatives have been developed.4–6

These NOACs do not require the same
degree of monitoring as warfarin. As NOACs
are more expensive than warfarin, a few
studies have been published to assess
whether the new anticoagulants can be con-
sidered to be cost-effective treatment alterna-
tives to warfarin.7–9 In this regard, the costs
associated with warfarin monitoring are of
high importance. However, the published
cost estimates vary widely from approximately

Strengths and limitations of this study

▪ The study assesses age-specific and gender-
specific prevalence of atrial fibrillation (AF), real-
life warfarin use, treatment quality and costs
among all patients with AF within one Finnish
municipality.

▪ The generalisability of the findings may be
limited: warfarin use may differ in other coun-
tries and even in other Finnish municipalities.

▪ The average primary healthcare outpatient costs
in the studied municipality are among the lowest
of average sized Finnish municipalities, suggest-
ing that the costs presented in this study may
underestimate the average cost of AF treatment
in Finland.
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€200 to €1900 per year.10–13 In addition, many authors
have pointed out that the cost-effectiveness of new antic-
oagulants depends on the quality of the warfarin treat-
ment.14–16

Our study aims to provide an overview of the anticoa-
gulation treatment of patients with AF in one Finnish
municipality ( Joensuu) based on comprehensive
primary care registry data. The primary aims were to
assess the quality of warfarin treatment (based on indi-
vidually specified target ranges for international normal-
ised ratio (INR) when available) and the costs associated
with treatment. In addition, the prevalence of AF in the
municipality is estimated.

MATERIALS AND METHODS
The study was performed as an unrestricted, non-
interventional retrospective database study in the muni-
cipality of Joensuu in Eastern Finland, which has 73 305
inhabitants,17 at the beginning of 2011. At the study
centre, the blood sample for INR tests was obtained with
two methods, venous blood draw or fingerstick. Venous
draws were taken during scheduled appointments (pref-
erably on Tuesdays or Thursdays 10:00–11:00) at the
laboratory. The results and dosing guidance to patients
receiving laboratory results were given alternatively by
text messaging, phone (the nurse called the patient or
vice versa) or in writing (the patient visited the health
centre reception and the nurse marked the dose and
time of the next INR test on the patient’s ‘warfarin
card’). Fingerstick samples were analysed with
point-of-care devices, and the INR test results, as well as
guidance related to doses, were given during the same
scheduled appointment with a nurse. The preferred
method for the warfarin monitoring at the study centre
consisted of performing the INR tests using venous
blood samples and informing the patients with a text
messaging service. Patients needing special support in
their warfarin treatment or those who were unable to
use text messaging services and who had stable INR
values were eligible for fingerstick measurements. The
equivalence of fingerstick and venous sample-based INR
results was confirmed with simultaneous venous and fin-
gerstick measurements for the first three fingerstick
measurements at the start of treatment and at every
seventh test thereafter.
All patients with an AF (International Classification of

Diseases, 10th Revision (ICD-10) code I48) diagnosis
were included in the study cohort. The following infor-
mation was gathered from the electronic primary care
database (Mediatri patient information system): age,
gender, comorbidities, date of death (if the patient had
died by June 2012), individually defined INR target
range, INR test results, use of antithrombotic medicines,
physician visits, physician phone consultations, nurse
visits, nurse phone consultations, primary care inpatient
stays and use of home nursing services. The data on
physician visits, physician phone consultations, nurse

visits, nurse phone consultations and inpatient stays
included the dates for service use, and ICD-10 and/or
International Classification of Primary Care (ICPC)
codes, if the codes had been marked by the personnel.
The data were collected directly from the primary care
databases in numerical format in June 2012, which
covered the time period of 1 October 2010 to 31 March
2012. The primary care database covers practically all
diagnosed patients in the municipality.
The analysed dataset, consisting of a 1-year follow-up,

was formed as follows: start of an individual’s follow-up
was defined as the date when healthcare services were
first used (any of the following reasons: INR test, phys-
ician/nurse visit, physician/nurse phone consultation
and inpatient stay) closest to 1 January 2011 and
follow-up extended for 365 days or until death, which-
ever happened earlier. If the patient did not use any
healthcare resources during the covered data collection
period, the follow-up time was assumed to be the calen-
dar year 2011.
Prevalence of AF in Joensuu was approximated on the

basis of the number of patients with AF in the study
centre and the number of inhabitants17 in Joensuu in the
following age groups: <50, 50–59, 60–69, 70–79 and
80 years or older. Warfarin treatment quality was assessed
as the proportion of time spent in the therapeutic INR
range (TTR). TTR was estimated with the Rosendaal
method.18 Patients were considered to be warfarin users
during the follow-up period if their TTR was analysable
from the database (ie, the patients had at least two separ-
ate INR test measurements during the defined 1-year
follow-up period or one test during the follow-up period
and at least one INR test measurement immediately prior
to or after the defined follow-up period). As most, but
not all, of the patients had individually specified INR
ranges in the database, TTR was estimated (referred to as
‘individual TTR’ below) by using the individual INR
target range when it was known and an assumed 2.0–3.0
target range, when individual targets had not been speci-
fied. Also TTR based on an assumed 2.0–3.0 interval for
all warfarin users was estimated (referred to as ‘standard
TTR’ below). The analyses were repeated for all warfarin
users and for the subgroup of patients using warfarin
continuously. Continuous warfarin use was defined as
warfarin use without gaps exceeding 56 days between two
successive INR measurements. This definition is based on
the Finnish guidelines on implementing warfarin treat-
ment in which a threshold of 4–8 weeks is mentioned as a
usual maximum gap between successive INR.19 The pro-
portion of patients with the following TTR ranges was
additionally analysed: TTR<40%, 40%≤TTR<60%,
60≤TTR<70%, 70%≤TTR<80% and TTR≥80%. The clas-
sification was based on the finding that TTR exceeding
70% is associated with significantly longer time to stroke,
whereas TTRs below 40% provide no survival advantage
compared with no warfarin treatment.20

The healthcare costs for the patient cohort were esti-
mated by multiplying the use of healthcare resources
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with the unit costs of those resources. For comparative
purposes, the unit costs (variable and fixed costs
included) were obtained from two different sources: the
national Finnish healthcare unit costs21 and unit costs of
the service provider. The national unit costs were con-
verted to year 2011 values using the latest official com-
munal healthcare price index,22 that is, the conversion
factor from year 2006 was 1.171. The applied national
and service provider unit costs were €71.30 and €119.95
for a physician visit, €20.00 and €48.48 for a physician
phone consultation, €31.50 and €56.31 for a nurse visit,
€8.84 and €18.77 for a nurse phone consultation,
€165.35 and €153.00 for an inpatient day and €7.84 and
€13.80 for an INR test, respectively. Since the cost of a
nurse phone consultation was not reported in the
national unit cost report, we applied the relative differ-
ence between the cost of a physician and a nurse visit to
the cost of a physician phone consultation to obtain the
cost of a nurse phone consultation (31.50/71.30×20.00=
€8.84). Similarly, we estimated the costs for nurse and
physician phone consultations in Joensuu by applying
the relative difference between the cost of a visit and
the Joensuu list price for a visit to the list price of the
respective phone consultations (ie, cost for physician
phone consultation: €119.95/€146.80×€59.33=€48.48;
cost for nurse phone consultation: €56.31/
€73.95×€24.65=€18.77). The national unit costs for
primary healthcare inpatient days vary from €165.35
in primary healthcare wards to €369.84 in specialist-led
primary healthcare hospitals. In order to avoid overesti-
mating the costs, we used the cost estimate for primary
healthcare wards (ie, the lowest cost), since we had infor-
mation only on the diagnosis codes and the number of
inpatient days but not the intensity or specific reason for
the treatment obtained.
To explain the individual variations in treatment costs,

a generalised linear regression model (GLM, with γ dis-
tribution and logarithmic link function, see eg, Griswold
et al23) was estimated using the following explanatory
variables: age, gender (1=men, 0=women), number of
inpatient days, length of follow-up in days, comorbidities
(as dummy variables with 1=yes, 0=no), use of home
nursing services (1=yes, 0=no) and a categorical variable
classifying patients into the above mentioned TTR range
groups and non-users of warfarin. The dummy variables
and categorical variables were handled as factor vari-
ables in STATA MP V.11.2 to allow correct estimation of
marginal effects of the analysed covariates (ie, the
change in treatment costs as the covariate changes).
Marginal independent effects for each variable were pre-
dicted at sample mean values for other covariates except
for the duration of follow-up, which was fixed at
365 days. The costs of home nursing services and
primary healthcare inpatient stays were excluded from
the analyses because the information regarding the spe-
cific reasons for inpatient days/home nursing service
use and the intensity (ie, number of visits during the
follow-up period) of home nursing service use were not

collected/known. We assume that warfarin use is not the
primary reason for needing home nursing services or
primary healthcare inpatient stays in Finland.
Explanatory variables with p≤0.05 were considered to
have a significant impact on the outcome variable.
No ethical approval or informed patient consent was

required for the study according to Finnish laws because
patients were not contacted and only anonymous patient
data were used in the analyses.

RESULTS
Patient characteristics and prevalence of AF
The patient cohort consisted of 2746 patients with AF. In
total, 52.8% of the patients were men and the average
age of the patients was 74.3 years (SD: 12.3). The
average CHA2DS2-VASc and CHADS2 scores were 3.1
(SD: 1.7, median 3, IQR 3) and 1.6 (SD: 1.4, median 1,
IQR 2), respectively.
The average prevalence of AF in Joensuu was 3.7%,

being 4.1% for men and 3.4% for women. Based on the
age and gender structure of the population in Joensuu,
the prevalence of AF was estimated to be 0.36% and
0.06% in men and women aged <50 years, 3.6% and
0.9% in men and women aged 50–59 years, 8.3% and
3.4% in men and women aged 60–69 years, 20.6%
and 11.3% in men and women aged 70–79 years and
34.9% and 30.7% in men and women aged 80 years or
older, respectively.
In June 2012, the following proportions of patients

were prescribed antithrombotic medications according
to the data in the primary care database: 51.8% war-
farin, 15.5% acetylsalicylic acid, 1.2% clopidogrel, 0.6%
dabigatran and 0.1% rivaroxaban. When warfarin use
was assessed based on analysable TTR during the
follow-up period, the proportion of all patients using
warfarin dropped to 46.3% (among patients with
CHA2DS2-VASc≥1, 50.3% of patients used warfarin).
However, at least one INR test had been performed for
altogether 71.4% of the patient cohort before, during or
after the follow-up period.
The patients using warfarin were significantly older

and had more comorbidities than the patients not using
warfarin. The detailed patient characteristics are shown
in table 1.

Quality of warfarin treatment
The INR target ranges were individually defined for
1161 (91.3%) of 1271 patients who used warfarin during
the observation period. The individually defined INR
targets were the following: 1.5–2.5 (n=1), 1.7–2.5 (n=1),
2.0–2.5 (n=7), 2.0–3.0 (n=1078), 2.5–3.5 (n=71), 2.5–4.0
(n=1) and 3.0–3.5 (n=2). The vast majority of patients
(92.9%) with a specified target range, therefore, aimed
at the recommended 2.0–3.0 INR range for chronic AF,
and the specified target range (2.5–3.5) used in 6.1% of
the patients matches the recommendation for patients
with mechanical heart valves.19
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The average TTRs based on individual targets and
standard target range (ie, 2.0–3.0) among all warfarin
users were 65.2% (SD: 26.8) and 64.4% (SD: 26.9),
respectively (see table 2). The proportion of patients
with TTR<40%, 40%≤TTR<60%, 60≤TTR<70%,
70%≤TTR<80% and TTR≥80% were 16.9%, 15.3%,
15.5%, 17.7% and 34.6%, respectively. More patients

had died in the subgroups with poorer treatment
balance by the time of data collection (figure 1). The
proportion of patients with poor treatment balance
(TTR<40%) was higher among patients without indi-
vidually specified target INR ranges in the database
(56.4%) and patients with ‘atypical’ INR target ranges
(41.7%) as compared with patients with a target range
of 2.0–3.0 (13%) or 2.5–3.5 (11.3%; figure 2).

Healthcare resource use and costs
The average annual outpatient costs in the patient cohort
were €314.44 (95% CI €298.74 to €330.13) with national
unit costs and €560.26 (95% CI €532.40 to €588.12) with
service provider costs. The use of healthcare resources
and associated costs are reported in table 3.
The patients using warfarin had, on average, 19.1 INR

tests (SD: 13.7, median 17.0) during the follow-up
period (average time between first and last INR test
result was 336.3 days, SD: 78.3). The average number of
tests was 11.1 (SD: 12.9, median 6.0) for patients with
individual TTRs below 40% (average time between first
and last INR test result was 280.4 days, SD: 123.8), 30.7
(SD: 18.5, median 28.5) for patients with individual
TTRs between 40% and 60% (average time between the
first and the last INR test result was 334.6 days, SD:
75.3), 23.5 (SD: 12.2, median 22.0) for patients with
individual TTRs between 60% and 70% (average time
between the first and the last INR test result was

Table 2 Average time in TTR among warfarin users

Outcome variable N Mean SD

Individual TTR 1271 65.2 26.8

Standard TTR 1271 64.4 26.9

Individual TTR, continuous use of

warfarin

474 72.3 19.9

Standard TTR, continuous use of

warfarin

474 70.9 20.7

Individual TTR, continuous use of

warfarin and 1-year follow-up

420 74.5 17.8

Standard TTR, continuous use of

warfarin and 1-year follow-up

420 72.8 19.0

Individual TTR calculated on the basis of individually specified
target INR range when available and on the basis of assumed
2.0–3.0 target range when individually specified target ranges
were not defined. Standard TTR calculated on the basis of
assumed 2.0–3.0 target INR range for all warfarin users.
Continuous use, no gaps exceeding 56 days between two
successive INR test results.
INR, international normalised ratio; TTR, time in therapeutic range.

Table 1 Patient characteristics

Variable All patients (n=2746) No warfarin (n=1475) Warfarin (n=1271)

Age, mean (SD)† 74.3 (12.3) 71.1 (13.4) 78.0 (9.8)**

Gender, male (%)† 52.8 58.0 46.9**

CHA2DS2-VASc, mean (SD)† 3.1 (1.9) 2.5 (1.8) 3.8 (1.8)**

CHADS2, mean (SD) † 1.6 (1.4) 1.2 (1.3) 2.1 (1.4)**

Myocardial infarction (%) 15.7 12.1 19.8**

Angina pectoris (%) 21.7 18.4 25.5**

Coronary heart disease (%) 21.7 17.6 26.5**

Congestive heart failure (%) 28.6 19.0 39.7**

Hypertension (%) 14.3 10.3 19.0**

Ischaemic stroke (%) 13.7 9.2 18.9**

Transient ischaemic attack (%) 11.8 9.6 14.2**

Thromboembolism (%) 0.7 0.1 1.4**

Peripheral vascular disease (%) 7.2 4.5 10.5**

Atherosclerosis of aorta (%) 0.1 0.2 0.1

Neoplasm (%) 1.1 0.9 1.4

Liver disease (%) 0.1 0.1 0.2

Kidney disease (%) 0.3 0.5 0.2

Diabetes (%) 21.6 17.1 26.9**

Intracerebral haemorrhage (%) 0.1 0.1 0

Intracranial bleed (%) 0.1 0.1 0.1

Gastrointestinal bleed (%) 0.3 0.2 0.3

Use of home nursing services (%) 24.7 17.4 33.1**

Had died by June 2012 (%) 9.3 8.0 10.9*

Follow-up time‡ 353.5 (51.8) 357.5 (42.6) 348.9 (60.5)**

*p<0.05, **p<0.001 mark statistically significant differences between warfarin users and non-users.
†Data missing for eight patients in ‘no warfarin’ group.
‡365 days unless the patient died within the study period.
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347.2 days, SD: 60.0), 21.7 (SD 11.1, median 20.0) for
patients with individual TTRs between 70% and 80%
(average time between the first and the last INR test
result was 353.4 days; SD: 44.5) and 14.6 (SD: 7.8,
median 14.0) for patients with individual TTRs equal or
above 80% (average time between the first and the last
INR test result was 350.6 days; SD: 56.8).
The results of the performed GLM regression analyses

(excluding costs of inpatient stays and home nurse
visits) are depicted in table 4. Diagnosis of angina pec-
toris, diabetes and neoplasms increased treatment costs
significantly, whereas male gender was associated with
slightly lower costs compared with female gender. When
Finnish national unit costs were applied, the costs were
€48.53 lower for male patients compared with female
patients. Similarly, angina pectoris, diabetes and neo-
plasms increased the costs by €61.27, €54.70 and
€269.58, respectively. The annual costs of warfarin users
were, on average, €524.11 (95% CI €449.71 to €598.52,
p<0.001) higher than the costs of non-users. The
increase in cost varied from €417.90 to €689.86, depend-
ing on the quality of warfarin treatment that was mea-
sured with the TTR class. When the analyses were
performed with service provider costs, the average
annual costs were €939.54 (95% CI €806.81 to €1072.27,

p<0.001) higher among warfarin users and the cost
increase varied from €752.55 to €1233.90 depending on
the patients’ TTR class (results of the analysis are pre-
sented in online supplement 1).

DISCUSSION
In the study centre, warfarin treatment was used by
approximately 50% of such patients with AF for whom
the Finnish treatment guidelines recommend oral antic-
oagulation treatment (ie, CHADS-VASc≥1). The war-
farin users were in the target INR range for
approximately 65% of the time. The TTR was, on
average, 10 percentage points greater among patients
using warfarin continuously during the follow-up period.
The findings suggest that, on an average, the quality of
treatment with warfarin was good in the study centre.
However, one-third of patients had difficulties maintain-
ing their target INR ranges, which was reflected in a
TTR of below 60%. The outpatient costs were higher
among warfarin users: the increase in cost varied from
€417.90 to €1233.90, depending on the achieved TTR
and used unit cost estimates for healthcare resources.
Some studies have assessed the quality of treatment

with warfarin in a real-life setting.11 24–27 TTR or

Figure 1 Number of patients

alive and dead (in June 2012) in

each TTR subgroup. TTR, time in

therapeutic range.

Figure 2 Proportion of patients

reaching different TTR levels

according to patients’ defined

target INR range. Defined target

range, individual INR target range

specified in the database. TTR,

time in therapeutic range.
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alternatively the proportion of INR tests within target
range in these studies varied from 57.8% to 76.2%.
Corresponding estimates from Finnish studies ranges
from 63.4% to 66.4%.11 27 28 The key strength of our
study is the estimation of TTR on the basis of the INR
ranges that have been defined for the individual patients
based on their needs and clinical rationale. In contrast,
most published studies simply assume that the target
range is 2.0–3.0. For comparative purposes, we also
reported the results based on assumed 2.0–3.0 INR
target range. Despite differences between individually
defined and assumed TTRs in our study, our study find-
ings are well in line with previous Finnish studies, sug-
gesting that the results of this study are likely to be
generalisable also to other Finnish service providers.
The study cohort consisted of almost equal number of

men and women even though age-specific prevalence of
AF was higher in men. This observation is explained by
the unequal gender distribution in Joensuu municipality:
62.2% of all inhabitants aged 70 years or older were
women in 2011.17 Compared with other estimates on the
prevalence of AF2 29 that have been published, the preva-
lence of AF was observed to be clearly higher in our study
centre. The figures for each age group are very similar to
those reported for a cohort in the USA and the
Netherlands that was carried out a decade earlier.2 29

This observed difference may relate to the fact that the
overall incidence of cardiovascular diseases in Finland is
higher than, for example, in South-European and
West-European countries.30 31

Another interesting finding of our study was that the
patient characteristics and TTRs among warfarin users
were very similar to those in the ARISTOTLE5 and
RELY4 trials. This could mean that the generalisability
and applicability of those trial results are good for
Finland. For example, the mean TTR among the
Finnish patients participating in the RELY-trial was
74%.32 A close match was also observed in the CHA2DS2
scores, age and most comorbidities with the exception
of hypertension. In a representative sample of Finnish
citizens, 54% and 43% of men and women, respectively,
had increased blood pressure (≥140/90 mm Hg and/or
treatment for hypertension).33 Therefore, we suspect
that hypertension is an underused diagnosis code in the
medical database and that the proportion of patients
with increased blood pressure in Joensuu is, in reality,
far greater than the reported 14%.
At the time of data collection, a larger proportion of

patients with low TTR during the follow-up period had
died when compared with patients with higher TTR or
no warfarin use. Although this observation was interest-
ing, we could not assess whether the deteriorating condi-
tion of patients prior to their death leads to lower TTR
or whether the lower TTR leads to higher risk of death.
This would be an interesting subject for further study.
Our approach of using numerical data directly from

the local primary care databases has some limitations.
The accuracy of the numerical data compared with
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written medical reports was not checked and the causal
relationships between warfarin use and use of healthcare
resources were not formally assessed. Therefore, we
cannot conclude that the observed cost differences were
due to warfarin use alone. For instance, the costs for war-
farin users and non-users might also have differed as a
result of the severity of comorbid conditions. However,
our data included only the diagnoses, but not the severity
of the disease or time from diagnosis. Similarly, the
reasons for individually defined INR target ranges deviat-
ing from those recommended for patients with chronic
AF or mechanical heart valves are not known but we
assume the deviations to be related to individual tailoring
based on the patient’s previous experiences with warfarin
treatment. It should also be emphasised that secondary
healthcare costs associated with AF complications were
beyond the scope of our study, and therefore we did not
assess any potential cost differences that might result
from the reduced risk of those complications.
Institutional data are also prone to human error and

omissions. Some diagnosis codes may have been under-
reported and a large number of diagnosis codes were

missing for some health services, especially phone con-
sultations. Nevertheless, the annual cost of warfarin
treatment has been previously estimated as approxi-
mately €590 for users in Finland using the national unit
costs,11 and the results of our study on the national unit
costs are well in line with this estimate. An additional
limitation was the exclusion of all drug costs in the
assessment. We chose not to include these costs for two
reasons: we lacked the information on drug doses and
we could not reliably confirm the duration of use for
drugs other than warfarin. Warfarin use was confirmed
through regular INR testing. However, we lacked infor-
mation on whether the patients actually acquired war-
farin from pharmacies and how adherent they were to
treatment. In addition, new anticoagulants were not
handled separately in the analysis since only a few
patients used them during the study period.
Rivaroxaban and dabigatran were granted marketing
authorisation for the prevention of stroke and systemic
embolism in patients with AF during the study period
but neither was reimbursable for this indication by the
Social Insurance Institution of Finland.

Table 4 Factors affecting total treatment costs (using the national unit costs) and marginal effect of covariates (n=2738)

Covariate Coefficient SE p>z 95% CI Marginal effect* in euros (95% CI)

Age −0.003 0.004 0.39 −0.01 to 0.00 −0.58 (−1.91 to 0.75)

Gender, male −0.269 0.088 0.00 −0.44 to −0.10 −48.53 (−80.35 to −16.71)†
CHD 0.069 0.123 0.57 −0.17 to 0.31 12.57 (−32.17 to 57.30)

Angina 0.313 0.119 0.01 0.08 to 0.55 61.27 (10.91 to 111.62)†

MI 0.068 0.127 0.59 −0.18 to 0.32 12.52 (−34.11 to 59.15))

Diabetes 0.282 0.104 0.01 0.08 to 0.49 54.70 (11.51 to 97.89)†

Hypertension 0.124 0.124 0.32 −0.12 to 0.37 23.21 (−24.18 to 70.60)

Other bleed −1.109 1.100 0.31 −3.27 to 1.05 −119.90 (−248.04 to 8.24)

GI bleed 0.476 0.838 0.57 −1.17 to 2.12 108.81 (−362.56 to 580.19)

Intracranial bleed −2.923 1.607 0.07 −6.07 to 0.23 −169.42 (−202.92 to −135.92)†
ICH 0.175 1.536 0.91 −2.83 to 3.18 34.19 (−606.32 to 674.71)

Stroke −0.065 0.132 0.62 −0.32 to 0.19 −11.30 (−55.47 to 32.87)

TIA 0.207 0.137 0.13 −0.06 to 0.48 40.04 (−16.48 to 96.56)

CHF −0.090 0.107 0.40 −0.30 to 0.12 −15.80 (−52.01 to 20.41)

Thromboembolism 0.051 0.492 0.92 −0.91 to 1.02 9.41 (−171.97 to 190.78)

PVD 0.125 0.169 0.46 −0.21 to 0.46 23.66 (−42.31 to 89.64)

Atherosclerosis of aorta 1.008 1.094 0.36 −1.14 to 3.15 310.61 (−737.32 to 1358.54)

Neoplasm 0.926 0.409 0.02 0.13 to 1.73 269.58 (−86.92 to 626.08)†

Liver disease −0.390 1.103 0.72 −2.55 to 1.77 −57.74 (−319.54 to 204.07)

Kidney disease 1.077 0.736 0.14 −0.37 to 2.52 344.51 (−408.13 to 1097.14)

TTR classification (compared with no warfarin use)

TTR<40% 2.264 0.163 0.00 1.95 to 2.58 551.52 (369.17 to 733.87)†

40≤TTR<60% 2.466 0.173 0.00 2.13 to 2.81 689.86 (452.71 to 927.02)†

60%≤TTR<70% 2.319 0.170 0.00 1.99 to 2.65 586.36 (386.17 to 786.54)†

70%≤TTR<80% 2.227 0.160 0.00 1.91 to 2.54 529.07 (358.82 to 699.33)†

TTR≥80% 2.019 0.122 0.00 1.78 to 2.26 417.90 (318.24 to 517.56)†

Inpatient days −0.001 0.001 0.29 0.00 to 0.00 −0.21 (−0.6 to 0.18)

Follow-up time (days) 0.002 0.001 0.05 0.00 to 0.00 0.31 (−0.01 to 0.62)

Use of home nursing services 0.079 0.105 0.45 −0.13 to 0.28 14.40 (−23.81 to 52.61)

Intercept 3.727 0.444 0.00 2.86 to 4.60

*Estimated as a change from the base level at mean values of covariates except for follow-up time, which was fixed at 365 days.
†Statistically significant marginal effect.
CHD, coronary heart disease; CHF, congestive heart failure; GI, gastrointestinal; ICH, intracerebral haemorrhage; MI, myocardial infarction;
PVD, peripheral vascular disease; TIA, transient ischaemic attack; TTR, time in therapeutic range.
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We estimated TTR using three different definitions.
The least restrictive definition included all patients with
two INR measurements regardless of the time interval
between these measurements. From clinical perspective,
this definition may be too broad, and therefore TTR was
also estimated for patients with maximum gap of
8 weeks between two successive measurements (ie, con-
tinuous warfarin use), and patients with continuous war-
farin use for the entire follow-up period. The 8-week
maximum gap was chosen to overcome the lack of infor-
mation regarding temporary treatment discontinuations.
The lowest TTRs were observed with the least restrictive
TTR definition and vice versa. The estimated TTRs for
continuous warfarin use during the follow-up period
were approximately 8–9% higher when compared with
the least restrictive definition.
The primary care costs in Joensuu differ from those

reported in the Finnish national unit cost report. The
national unit costs are, for some parts (such as the cost
of primary healthcare services), based on the relatively
old cost estimates of only one or a few service providers
and may not be representative for the whole country.
When we estimated total costs using national unit costs,
the total cost estimate was just over 50% of the estimate
obtained when service provider costs were used.
Considering the fact that the primary healthcare out-
patient cost per inhabitant in the studied municipality
are among the lowest of similar size Finnish municipal-
ities,34 the cost estimates presented in this study may
slightly underestimate the average Finnish cost for
patients with AF. Furthermore, our study suggests that,
when the cost-effectiveness of new treatments is assessed
based on the national unit costs, the overall cost-
effectiveness of new treatments that reduce the use of
healthcare resources may actually be underestimated.
This finding underlines the importance of obtaining
accurate cost-information to support rational healthcare
resource allocation.

CONCLUSIONS
In our real-life study reflecting contemporary treatment
practice, approximately 50% of patients with AF were
being treated with warfarin. The average TTR among
patients using warfarin was 65.2%, increasing to 74.5%
among the patients using warfarin during the entire
follow-up period. The obtained high TTRs suggest that
the patients using warfarin had, on average, good INR
balance, yet one-third of patients had TTR below 60%.
The patient characteristics and attained INR balance
were very similar to those in recent clinical trials assessing
the efficacy of new anticoagulants. The primary care out-
patient costs were higher among warfarin users and the
costs had an inverse relationship with achieved TTR.
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Supplement 1. 

 

Factors affecting treatment costs (using the service provider costs) and marginal effects of 

covariates. 

Covariate Coef. Std. 

Err. 

P>z 95% Conf. 

Interval 

Marginal effect (dy/dx†) in 

Euros (95% Conf. Interval) 

Age -0.003 0.004 0.396 -0.011, 0.004 -1.02 (-3.37, 1.33) 

Gender, male -0.272 0.088 0.002 -0.444, -0.100 -87.01 (-143.31, -30.70)* 

CHD 0.070 0.123 0.569 -0.170, 0.310 22.54 (-56.61, 101.69) 

Angina 0.313 0.119 0.009 0.080, 0.546 108.60* (19.52, 197.67)* 

MI 0.062 0.127 0.624 -0.186, 0.311 20.13 (-62.03, 102.29) 

Diabetes 0.287 0.104 0.006 0.084, 0.490 98.87 (22.24, 175.49)* 

Hypertension 0.128 0.124 0.300 -0.114, 0.370 42.41 (-41.63, 126.46) 

Other bleed -1.122 1.099 0.307 -3.276, 1.031 -213.75 (-437.40, 9.90) 

GI bleed 0.455 0.836 0.586 -1.184, 2.094 182.09 (-633.72, 997.90) 

Intracranial bleed -2.958 1.605 0.065 -6.104, 0.188 -300.63 (-358.24, -243.02)* 

ICH 0.142 1.534 0.926 -2.864, 3.148 48.18 (-1047.49, 1143.85) 

Stroke -0.066 0.132 0.616 -0.325, 0.193 -20.44 (-98.49, 57.61) 

TIA 0.210 0.137 0.126 -0.059, 0.479 72.09 (-28.17, 172.35) 

CHF -0.092 0.107 0.390 -0.302, 0.118 -28.58 (-92.47, 35.31) 

Thromboembolism 0.042 0.492 0.932 -0.922, 1.006 13.50 (-304.28, 331.28) 

PVD 0.123 0.169 0.465 -0.208, 0.455 41.20 (-75.30, 157.70) 

Atherosclerosis of 

aorta 0.982 1.093 0.369 -1.159, 3.124 527.95 (-1278.10, 2334.01) 

Neoplasm 0.915 0.408 0.025 0.115, 1.715 468.71 (-154.86, 1092.28) 



Liver disease -0.413 1.102 0.708 -2.572, 1.746 -107.14 (-559.69, 345.41) 

Kidney disease 1.070 0.735 0.146 -0.371, 2.511 603.79 (-718.34, 1925.92) 

TTR classification (compared with no warfarin use) 

TTR<40% 2.272 0.162 0.000 1.954, 2.591 977.74 (655.18, 1300.30)* 

40≤TTR<60% 2.484 0.173 0.000 2.144, 2.823 1233.90 (811.25, 1656.56)* 

60%≤TTR<70% 2.338 0.169 0.000 2.006, 2.670 1051.48 (693.83, 1409.14)* 

70%≤TTR<80% 2.249 0.159 0.000 1.937, 2.562 952.85 (647.57, 1258.13)* 

TTR≥80% 2.041 0.122 0.000 1.801, 2.281 752.55 (573.97, 931.13)* 

Inpatient days -0.001 0.001 0.285 -0.003, 0.001 -0.37 (-1.05, 0.31) 

Follow-up time 
0.002 0.001 0.048 0.000, 0.003 0.55 (-0.01, 1.10) 

Use of home 

nursing services 
0.064 0.105 0.540 -0.141, 0.269 20.59 (-46.43, 87.61) 

Constant 
4.285 0.443 0.000 3.417, 5.153 

 

† Estimated as a change from the base level at mean values of covariates except for follow-up time 

which was fixed at 365 days. *Statistically significant marginal effect. 
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