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Introduction: Beyond clinical trials, clinical practice guidelines, and administrative

regulation, treatment decision-making can be influenced by individual and contextual

factors. Our goal was to describe variations in the patterns of initiation of anticoagulation

therapy in patients with atrial fibrillation by Health Areas (HA) in the region of Valencia in

Spain and to quantify the influence of the HAs on variations in treatment choice.

Methods: We conducted a population-based retrospective cohort study of all atrial

fibrillation patients who started treatment with oral anticoagulants between November

2011 and February 2014 in each of the region’s 24 HAs. We described patient and

utilization characteristics per HA and initiation patterns over time, and we identified

contextual and individual factors associated with differences in initiation patterns.

Results: 21,879 patients initiated treatment with an oral anticoagulant in the 24 HAs.

Initiation with direct oral anticoagulants (DOAC) in the first year was 14.6%. In November

2013 the ratio was 25.4%, with HA ratios ranging from 3.8 to 57.1%. DOAC-initiating

patients had less comorbidity but were more likely to present episodes of previous

ischemic stroke, hemorrhagic stroke, or TIA when compared with patients initiating with

VKA treatment. Variability among HAs was statistically significant, with the majority of

HAs ranking above or below the regional initiation average (ICC ≈ 8%).

Conclusion: There was high variability in the percentage of DOAC initiation and

in the choice of DOAC among HAs. Interventions aimed to improve DOAC initiation

decision-making and to reduce variations should take into account the Health Area

component.

Keywords: analysis of variance, anticoagulants, atrial fibrillation, drug utilization, multilevel analysis

INTRODUCTION

Atrial fibrillation (AF) increases the risk of stroke, which in turn, leads to cerebrovascular
morbidity, neurological disability, loss of quality of life, and death (Jørgensen et al., 1996;
Lin et al., 1996). Population-based studies in developed countries have shown a strong age
gradient, with a prevalence of 6.6 men and 3.9 women for every 1,000 people of the
respective gender (Chugh et al., 2014). Vitamin K antagonists (VKA) such as warfarin are
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highly effective in the prevention of stroke in AF patients,
with several randomized clinical trials showing decreases in its
incidence of more than 50% (1991; 1994; Petersen et al., 1989;
The Boston Area Anticoagulation Trial for Atrial Fibrillation
Investigators et al., 1990; Lancaster et al., 1991). Consequently,
the use of VKA has been the standard therapy for AF patients
at the highest risk of a stroke (Fuster et al., 2012; January et al.,
2014). However, the treatment withVKA is subject to many
limitations such as a higher risk of bleeding, the requirement of
regular monitoring, and the presence of several drug–drug and
drug–food interactions.

In recent years, novel direct oral anticoagulants (DOACs)
such as dabigatran, rivaroxaban, apixaban, and edoxaban, have
entered themarket following the pivotal phase-III trials reporting
efficacy and safety features and rates comparable to those of
warfarin (Connolly et al., 2009; Granger et al., 2011; Patel et al.,
2011; Giugliano et al., 2013). DOACs are considered a more
convenient therapy, as they have lesser interactions than VKA
treatments, simpler dosing regimes and the absence of need for
INR monitoring. However, they also have important limitations,
such as the low availability of antidotes to reverse their effect,
their renal implications, the current lack of tests for monitoring
their anticoagulant effectiveness, and the fact that the cost per
day of treatment with DOACs is much higher than that of
VKAs, including monitoring costs. Recently, real-world studies
are shedding some light on whether or not the advantages of
DOACs demonstrated in pivotal trials are being reflected in
routine clinical practice (Potpara and Lip, 2017). Closely linked
to safety and effectiveness outcomes in daily practice, the study
of local patterns of use can provide relevant information for
improving the management of patients with atrial fibrillation,
and is essential to adequately interpret local real-world evidence.

To the best of our knowledge, patterns of real-world use of
VKA and DOAC have barely been studied in other contexts
(Brais et al., 2015; Olesen et al., 2015; Patel et al., 2015). In Spain,
only one recently published study tackles this issue (Rodríguez-
Bernal et al., 2017). DOAC prescription is subject to prior
authorization in the Spanish National Health System, compelling
the prescriber to get its prescription validated—by a so-called
“medical inspector”—before it is accepted for public funding and
dispensing. This validation relies on criteria fixed by the Ministry
of Health. These criteria place DOAC as a second line therapy,
and initiation of treatment with a DOAC is restricted to VKA
contraindication, impossibility of accessing INR control facilities,
or being at high risk of intracranial hemorrhage (ACOD, 2016).
According to these formal strict regulatory rules, little variations
in patterns of use, and initiation with DOAC among territories
and neighboring populations with very similar demographic and
epidemiological characteristics should be expected.

However, beyond the evidence provided by clinical trials,
the recommendations of clinical practice guidelines, and
the rules of administrative regulation, treatment decisions
and the choice of a particular drug can be influenced by
patient characteristics, physician, and organizational factors,
pharmaceutical promotion, and healthcare system characteristics
(Eisenberg, 2002). While a significant amount of literature
about small area variations analysis (SAVA) in surgical and

medical hospitalizations and healthcare spending has been an
essential element for interpreting the behavior of healthcare
providers and defining public policies (Wennberg et al., 2002;
Fisher et al., 2003a,b; National Research Council., 2013), studies
examining geographical variations in pharmaceutical prescribing
have been scarce (Anis et al., 1996; Dubois et al., 2002) until
recent years (Zhang et al., 2010a,b, 2012; Donohue et al., 2012)
and, to our knowledge, none have addressed the contextual
variability in VKA and DOAC drug utilization. Furthermore,
because stroke prevention in atrial fibrillation treatment can
be managed by several medical specialists (hematologists,
cardiologists, and neurologists, among others) and primary care
physicians, the role of the different levels of care explaining
the geographical variations seems of special interest. This study
aims to describe variations in the patterns of initiation of
anticoagulation therapy in patients with atrial fibrillation in the
region of Valencia in Spain, and to quantify the influence of
the geographical healthcare administrative boundaries (Health
Areas) on variations in treatment choice.

METHODS

Design and Setting
This population-based retrospective cohort study was conducted
in the Valencia Health Agency (VHA), the public health
system of the region of Valencia in Spain, covering about
97% of the region’s population (5 million inhabitants). We
created a cohort with all naïve patients with diagnosed AF
[diagnosis code of International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) 427.31] who started
treatment with oral anticoagulants (warfarin, acenocoumarol,
dabigatran, rivaroxaban, apixaban) between November 2011
(date of the market launch of dabigatran) and February 2014,
in each of the 24 Health Areas (HAs, the administrative and
territorial management units) that make up the public health care
provision network in the region.We defined the naïve population
as those patients without anticoagulant treatment prescribed in
the 12 months preceding the first prescription in our analysis
time window. People without pharmaceutical/health coverage by
VHA, mainly some government employees whose prescriptions
are reimbursed by civil service insurers, and thus not included in
the pharmacy databases of the VHA, and patients not registered
in the municipal census (non-residents or temporary residents),
or who left the region or who were disenrolled from VHA
coverage for other causes, were excluded because of limitations
on follow-up. A patient flowchart has already been published
elsewhere in Frontiers (Rodríguez-Bernal et al., 2017).

Source
Information was obtained from the electronic information
systems of the VHA. The Population Information System (SIP)
provides information on the population under VHA coverage
and registers some demographic characteristics, including the
geographical/contextual situation of each person and dates and
causes of VHA discharge, including death. The Minimum
Basic Dataset (MBDS) at hospital discharge is a synopsis of
clinical and administrative information on all hospital discharges,
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including diagnoses and procedures. The electronic medical
record for ambulatory care (EMR), available in all primary
healthcare centers and ambulatory facilities, has information
about diagnoses, personal, and family medical history, laboratory
results, lifestyle, etc. as well as information about both physician
prescriptions and dispensations from pharmacy claims. All the
information in these systems is linked at an individual level
through a unique identifier.

Covariates
Variables potentially related to the risk of atrial fibrillation and
the use of oral anticoagulants in the study population over
the study period were considered. These included demographic
characteristics, comorbidities, use of DOAC and healthcare
resource utilization in the preceding 12 months. Based on
comorbidity information, we calculated and added relevant
patient-level risk predictor scores—CHADS2, CHA2DS2-VASC,
and HAS-BLED scores– to the dataset.

Analysis
We first described sociodemographic and clinical patient and
healthcare utilization measures per Health Area. Second, to
describe HA initiation patterns over time, we calculated monthly
percentages of treatment initiation with either a VKA or a
DOAC. Third, we examined the variability in the percentage of
initiation with VKA and with each different DOAC per HA,
based on data from the last trimester of the study window (Nov
2013 to Feb 2014). Fourth, to identify contextual and individual
factors associated with differences in initiation patterns, we used
multilevel regression analyses with random effects with patients
(first level) nested within HAs (second level) and we compared
the output of the empty model (a model considering only the HA
component) with models adding individual variables (Model I)
and risk scores (Models II and III). Finally, we ranked HAs with
respect to the regional average of the percentage of initiation to
visualize inter-area differences by means of a caterpillar plot. All
analyses were performed using R 3.2.3 (R Foundation) statistical
software.

Ethics
The study protocol was approved by the regional Ethics
Committee for Clinical Research of the General Directorate
of Public Health and the Centre for Public Health Research.
Patient informed consent was not required because datasets were
extracted with anonymized identifiers according to Spanish laws
on privacy (Act 15/1999) and patients’ rights (Act 41/2002).

RESULTS

Patient Characteristics and Healthcare
Utilization
During the study period a total of 21,879 patients initiated
treatment with an oral anticoagulant in the 24 Health Areas. For
the annual period from November 2011 to November 2012, the
total ratio of initiation with a DOAC was 14.6%. For the whole
period, initiation with a DOAC was 18%, with HA rates ranging
from 4.7 to 27.8%, thus implying a six-fold difference among

HAs. In the month of November 2013, 2 years after the first
prescription of a DOAC, the regional initiation share was 25.4%,
ranging from 3.8 to 57.1%. Mean patient age was 75 years old
and 48% of patients were females, with hypertension being by far
the most frequent comorbidity (79%) followed by diabetes (31%)
and history of bleeding or predisposition to bleeding (23%). The
average number of medications per patient was 9.89, ranging
from 8.70 to 10.99. The average ambulatory cardiology visits
was 0.47, with HAs ranging from 0.13 to 0.85—again showing a
six-fold difference among HAs (Table 1).

Initiation Time Trends
Descriptive time trends of relative–VKA vs. DOAC–treatment
initiation in the 24 HAs are presented in Figure 1. Trends in
DOAC uptake differ among HAs, with some areas maintaining a
modest introduction of DOAC as an initial therapy throughout
the study period (for instance, areas F, G, I, J, or W show
a monthly DOAC initiation share of below 25% for the
whole period), while others show increasing levels of DOAC
penetration over time (see areas B, K, N, P, or Q, where DOAC
initiation rises from 25 to 50% at the end of the study window).
Still, in someHAs the pace of DOAC initiation is sharp enough to
overtake the ratio of VKA initial prescription at specific moments
of time (areas A, C, and U where % of DOAC initiation surpasses
50% in certain months).

With regard to the choice of DOAC per HA, Figure 2

shows that the relative percentage of initiation with apixaban,
dabigatran, or rivaroxaban in the last trimester of the study
period (Dec 2013 to Feb 2014) is highly variable. For instance,
in areas D and F apixaban is not prescribed while it leads area T
with 1.7% of the initiation share. Rivaroxaban is not prescribed
in Area T but is the leading DOAC of choice for initiation in 15
HAs, with a share of up to 25% of initiations in one area. The first
comer, dabigatran, 2 years after its launch, still leads initiation in
seven territories but with more modest shares, always below 15%.
Also worth noting is the variation in the relative penetration of
total DOAC initiation, with HAs ranging from 7.1% of initiation
with DOAC for the considered trimester to 47.6%, thus entailing
once again a more-than six-fold difference among areas.

Analysis of Associations
Table 2 presents a multilevel analysis showing the specific
associations between individual and contextual (Health Area)
characteristics and DOAC initiation in the study period as well
as the analysis of variance and the values of the Intra-Class
Correlation statistic (ICC) for the different models. Regarding
the influence of the HA on initiation patterns, variability among
HAs was statistically significant. ICC was 8.51% in the empty
model, 8.07, 8.04, and 8.12% in models I, II, and III, respectively.
MedianOdds Ratio of the effect of HA heterogeneity on initiation
variability was 1.70 for the empty model and 1.67 for models I, II,
and III.

In Model I, where individual characteristics are added to the
empty model, DOAC-initiating patients were less likely to have
comorbidities such as diabetes (OR:0.87), renal disease (OR:0.68),
deep vein thromboembolism or pulmonary embolism (OR:0.68),
but weremore likely to present episodes of previous stroke or TIA
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(OR:1.31) and hemorrhagic stroke (OR:1.73) when compared
with patients initiating with VKA treatment. Patients initiating
with DOAC showed fewer ED (OR:0.85) visits but more visits to
a cardiologist in the 12 months preceding the index prescription
(OR:1.93). In Models II and III, in which we incorporate risk
prediction scores, we found that an increased risk of stroke and
bleeding as captured by CHADS2 and HAS BLED scores was
significantly associated with lower odds of DOAC initiation. Also,
higher income was associated with a significant increase in the
likelihood of initiating with a DOAC instead of VKA (OR: 2.50,
2.43, and 2.49 in Models I, II, and III).

With regard to discriminatory accuracy, AUC in the empty
model was 0.634. Information provided by individual variables
in model I resulted in an increase of AUC over the empty model
of 0.045 units. Inclusion of risk scores in models II and III did not
further increase discriminatory ability.

Finally, we ranked HAs according to their mean likelihood
of DOAC initiation with regard to the regional average—see
Figure 3. In seven HAs the propensity for DOAC prescription
was significantly below the regional average, in 11 the propensity
for DOAC prescription was significantly higher than average, and
six areas showed no difference with the regional average.

DISCUSSION

We found that HAs are contextual level factors that significantly
influence patterns of oral anticoagulation initiation in patients
with atrial fibrillation in the region of Valencia, regardless of
individual characteristics. TheHA of residence was, together with
some individual variables, one of the most important factors of
variation in the choice of anticoagulant treatment initiation. At
patient level, initiation with DOAC was associated with fewer
concomitant comorbidities, lower risk of bleeding and stroke
according to prediction indexes scores, presence of previous
ischemic or hemorrhagic stroke, wealthier status, and with more
visits to the cardiologist. To our knowledge, this is the first study
to evaluate contextual and individual level factors associated
with the initiation of oral anticoagulant therapy in a real world
setting.

We observed a marked heterogeneity in the initiation trends
among Health Areas, with a high variability in the percentage
of DOAC prescription and in the choice of DOAC. Many
factors, mainly supply side elements, may be associated with
such different trends: inter medical-inspector variability in
prior-authorization decision-making, level of ability of the HA
pharmacy managers to influence specialist and primary care
prescription, or different prescriber risk aversion in the face of
uncertainties when prescribing. In some HAs DOAC initiation
peaks coinciding in time with DOAC launches can be observed,
suggesting that a variation gradient may come from differential
promotion intensity and sensitivity. The variations observed in
the patterns of oral anticoagulant initiation among patients with
atrial fibrillation, and the ascertainment that the contextual factor
“Health Area” exerts a noticeable influence on initiation patterns,
may have important implications for patients, payers and the
health care system.
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FIGURE 1 | Time trends of the percentage of initiation with VKA or DOAC per Health Areas over time. Letters A to X represents the 24 HAs. Solid line: % of initiation

with VKA. Dotted line: % of initiation with DOAC.

FIGURE 2 | Choice of DOAC as initiation therapy per Health Area, expressed as a percentage of total initiation, for the period December 2013 to February 2014.

The relatively low uptake of DOAC observed in our study
when compared to other healthcare systems (Desai et al., 2014;
Olesen et al., 2015) is consistent with the formal restriction

of DOAC as a second line therapy for stroke prevention
in atrial fibrillation patients. Also, renal failure patients were
less likely to be initiated with DOAC, which is reasonable
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TABLE 2 | Predicting factors of DOAC initiation. Multilevel analysis results.

Fixed Effects Empty Model Model I Model II Model III

OR 95% CI OR 95% CI OR 95% CI

Age, years 1.00 (0.99–1.00) – – – –

Sex 1.06 (0.98–1.14) – – 1.07 (0.99–1.16)

Income

<18,000 e Reference Reference Reference

18,000–100,000 e 1.47 (1.34–1.62) 1.44 (1.31–1.59) 1.46 (1.33–1.60)

>100,000 e 2.50 (1.45–4.29) 2.43 (1.41–4.18) 2.49 (1.45–4.28)

COMORBIDITY

Diabetes 0.87 (0.80–0.95) – – 0.87 (0.80–0.94)

Congestive heart failure 0.89 (0.81–0.98) – – 0.86 (0.78–0.95)

Previous ischemic stroke or TIA 1.31 (1.17–1.45) – – – –

Renal disease 0.68 (0.59–0.77) 0.66 (0.58–0.75) – –

Dementia 1.29 (1.12–1.50) 1.32 (1.15–1.53) 1.32 (1.14–1.52)

Coronary artery disease 0.91 (0.83–1.01) – – 0.91 (0.83–1.00)

Deep vein thromboembolism or pulmonary embolism 0.68 (0.57–0.81) – – 0.67 (0.56–0.79)

Hemorrhagic stroke 1.73 (1.21–2.46) 1.86 (1.31–2.64) – –

CHADS2–VASC

Score 0 – – Reference – –

Score 1 – – 0.71 (0.55–0.90) – –

Score ≥2 – – 0.63 (0.51–0.77) – –

HAS–BLED SCORE

Score 0 – – – – Reference

Score 1 – – – – 0.83 (0.69–1.00)

Score ≥2 – – – – 0.80 (0.67–0.96)

HEALTHCARE UTILIZATION

Number of medications (≥6) 0.91 (0.82–1.01) 0.96 (0.87–1.06) 0.95 (0.86–1.05)

Emergency Department visits (≥1) 0.85 (0.78–0.92) 0.84 (0.78–0.91) 0.86 (0.79–0.93)

Cardiologist visits (≥1) 1.93 (1.78–2.08) 1.85 (1.71–2.00) 1.88 (1.73–2.03)

Neurologist visits (≥1) 1.14 (1.00–1.30) 1.27 (1.12–1.43) 1.29 (1.13–1.46)

Random Effects

Area intercept variance (SD) 0.3060 (0.553) 0.2889 (0.537) 0.2877 (0.536) 0.2909 (0.539)

Median Odds Ratio 1.70 1.67 1.67 1.67

Intraclass Correlation 8.51% 8.07% 8.04% 8.12%

Area under the ROC curve (CI: 95%) 0.634 (0.624–0.643) 0.679 (0.670–0.688) 0.676 (0.667–0.685) 0.675 (0.665–0.684)

AIC 19,952 18,636 18,678 18,696

CHA2DS2-VASC = Congestive heart failure, hypertension, age > 75, diabetes mellitus, stroke, vascular disease, age 65–64, sex category. HAS-BLED = Hypertension, abnormal

renal/liver function, stroke, bleeding history, or predisposition, labile international normalized ratio, age > 65, drugs/alcohol concomitantly.

as renal precautions are stated on every DOAC Summary of
Product Characteristics. Similarly, patients with a previous stroke
(ischemic or hemorrhagic) were more likely to initiate on
DOACs, which seems logical as those conditions are part of the
prior authorization criteria for initiating treatment with a DOAC.
On the other hand, some of our results are less foreseeable.
Patients that initiate with a DOAC seem to be at lower risk,
and this should be taken into account when considering real-
life effectiveness. Exploring whether health outcomes are affected
by anticoagulant choice (and by DOAC choice when a DOAC
is prescribed) and at what cost, should be a research priority
to gain a better understanding of the implications of initiation
variability and ultimately to be able to provide policy guidance
on the matter. Finally, we found that higher income is strongly
associated with more than a two-fold odds of being initiated with

a DOAC. This could be explained by cost-sharing considerations
(González López-Valcárcel et al., 2017), as DOAC entails a higher
cost burden to patients than VKA, and doctors may be acting
as financial (in addition to clinical) agents to patients (González
López-Valcárcel et al., 2011) nevertheless it is a disturbing result
that causes concern with regard to the universal and equal access
to healthcare resources in the Spanish National Health System.

LIMITATIONS

Our study is subject to some limitations. We considered the
simplest possible multilevel structure of individuals nested within
Health Areas, but we acknowledge that other contexts and/or
care levels may influence prescription—such as primary care
areas or physicians. However, this is the most common design
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FIGURE 3 | Variation in initiation with a DOAC per Health Area. HAs are ranked with respect to the regional average.

in neighborhood and health studies (Merlo et al., 2006), and
the variables we included in our analyses are appropriate to
evaluate differences in the initiation of oral anticoagulation.
Despite including many relevant individual variables in our
analysis, we cannot rule out the existence of omitted confounding
factors; the relatively low values of AUC evidence that the factors
considered had a modest discriminatory capacity to distinguish
between VKA and DOAC initiators. For instance, we could not
include information on the impossibility of accessing INR control
facilities or regarding the presence of a contraindication to VKA,
as these data are not routinely recorded in linkable clinical
databases. These factors could explain some contextual and
individual heterogeneity and further research should examine
their influence on initiation variation, but their absence does not
affect the relevance of our results. Still, in multilevel analyses it is
always critical to distinguish between confounder and mediator
factors given that place of residence, as well as clinical outcomes,
may act asmediators of the Health Area effect (Merlo et al., 2006).
Furthermore, cautiousness is needed when establishing causal
relationships with observational designs, and neighborhood and
health studies are not an exception (Diez Roux, 2004; Merlo
et al., 2016). Some contextual effects may be determined by the
individual composition of the Health Area while others may
be due to independent factors (e.g., better access to a specialist
cardiology unit). All in all, our results should be interpreted with
caution, and transferability to other contexts may be limited to
the Spanish territory.

CONCLUSIONS

The main finding of this study is that initiation with oral
anticoagulants was influenced by factors both at the patient

and the HA level, with the HA level having a greater impact
on initiation behavior than many individual variables. The
fact that factors not directly related to clinical appropriateness
are influencing treatment initiation choice exposes important
management issues. Among those, and according to our results,
interventions aimed at improving DOAC initiation decision
making and at reducing variability should take into account the
Health Area component.

In Spain, prior authorization criteria relegate DOAC to a
second line therapy. Based on this assumption, low rates of
DOAC initiation throughout the country would be expected.
However, in our study we showed that in some Health Areas
roughly 50% of patients initiate with a DOAC in the region of
Valencia, and visiting a cardiologist is associated with a relatively
higher initiation with a DOAC. Within Health Areas, the choice
of DOAC was also very variable, raising the need to generate
more evidence about the factors affecting anticoagulant initiation
decisionmaking. Also, the linkage of utilization studies with real-
world comparative safety and effectiveness analyses is needed
to better seize the pros and cons—and the why’s—of new oral
anticoagulant use in daily clinical practice as a way to take full
advantage of their potential benefits.
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