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Background: Poor medication adherence puts patients who require antithrombotic therapy at greater risk of complications. We started 
a multidisciplinary Adult Outpatient Thrombosis Service in 2017 in a Canadian health authority and were interested in the level of 
medication adherence in the population attending.
Aim(S): The aim of this study is to assess adherence to antithrombotic medications for patients attending a multidisciplinary 
Thrombosis Service.
Methods: We conducted a cross-sectional survey of outpatients seen at the Thrombosis Service between 2017 and 2019 using the 12- 
item validated Adherence to Refills and Medications Scale (ARMS) to assess adherence to antithrombotic (anticoagulants and 
antiplatelet) therapy. Linear regression analysis examined the factors associated with adherence to antithrombotic therapy.
Results: Of 1058 eligible patients, 53.2% responded to the survey. Seventeen were excluded from the analysis for missing more than 6 
responses to the 12 items on the ARMS. About 55% (n = 297) were on direct oral anticoagulants (DOACs), 19% (n = 102) on 
warfarin, 5.0% (n = 27) on low molecular weight heparin, 3.3% (n = 18) on antiplatelet therapy and 18% (n = 96) were no longer on 
antithrombotic therapy. Nearly half (47%, n = 253) had taken antithrombotic therapy for 1–5 years while 28% (n = 150) and 25% (n = 
137) had taken antithrombotic treatments for <1 and >5 years, respectively. Most patients (87%, n = 475) were ≥50 years and half 
(51%, n = 277) were male. The mean adherence score was 13.9 (SD±2.2) and 88% (n = 481) of participants were adherent to 
antithrombotic treatment (ARMS = 12–16). Multivariable linear regression showed that patients with post-graduate education had 
0.4% lower adherence to antithrombotic therapy as compared with elementary education (β = 0.0039, p = 0.048). Patients with prior 
antithrombotic agent use >5 years had 0.5% lower adherence to antithrombotic treatment compared to patients with <1 year (β = 
0.0047, p = 0.0244).
Conclusion: Self-reported adherence to antithrombotic therapy was high (88%) within a multidisciplinary Thrombosis Service. 
Patients with advanced education and prolong duration of antithrombotic therapy were more likely to have lower self-reported 
adherence to antithrombotic treatment.
Keywords: medication adherence, self-reported adherence, multidisciplinary care, thrombosis service, anticoagulation management 
program, antithrombotic therapy

Background
Poor adherence or non-adherence to treatments for medical conditions presents a significant public health problem due to 
increased risk of complications, morbidity and mortality.1 Among patients with chronic diseases, poor medication 
adherence is associated with high treatment costs from ineffective management of the underlying disease.2 In Canada, 
medication non-adherence accounts for 5% of hospital admissions and physician visits, resulting in an additional 
$4 billion in health care costs annually.3 Moreover, a recent Canadian survey has shown that 30% of patients stop 
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taking their medications before instructed, and about one in four people do not fill their prescriptions or take less 
medication than prescribed.4

Antithrombotic agents include anticoagulants (such as vitamin K antagonists (VKA) and direct oral anticoagulants 
(DOACs)) as well as antiplatelet agents (such as acetylsalicylic acid, clopidogrel and ticagrelor). Antithrombotic agents 
are the mainstay therapies for the prevention and treatment of arterial and venous thromboembolic disease.5–11 While 
these agents (primarily anticoagulants) have shown significant reduction in risk of adverse outcomes in venous 
thromboembolism (VTE) and non-valvular atrial fibrillation (NVAF) patients in clinical trials,5–12 their effectiveness in 
real-world practice is impacted by patients’ adherence.13,14 Non-adherence to antithrombotic therapy increases the risks 
of adverse outcomes and healthcare costs.15,16 The risk of complications associated with antithrombotic agents coupled 
with complexities surrounding the management of thromboembolic disease may influence medication taking behaviours. 
Compared to warfarin, the DOACs have more predictable pharmacokinetics, which obviate routine laboratory monitoring 
to prevent adverse events.12 The consequences of non-adherence in VTE and NVAF can potentially be more significant 
for DOACs, given their short half-lives.14,17,18 Thus, identifying the factors associated with adherence to antithrombotic 
treatment may help characterize the populations at risk of non-adherence and allow for implementation of appropriate 
measures to improve adherence.

Aside from medication and patient-related factors, poor access to healthcare and long wait times are associated with poor 
medication adherence.19 Care fragmentation and lack of coordination lead to discontinuation of care and ultimately affect 
medication adherence.19 Multidisciplinary care models draw on the expertise of various healthcare professionals in 
a specialized discipline and have the potential to improve clinical outcomes through provision of improved access to medical 
care, delivering more efficient and coordinated care, and improving guideline adherence and health outcomes.20–22

A multidisciplinary Adult Outpatient Thrombosis Service (Thrombosis Service) was established in October 2017. The 
Thrombosis Service is located in the Eastern Region Health Authority, which is the largest integrated health authority in 
the province of Newfoundland and Labrador (NL), Canada23 and provides healthcare for about two-thirds (~300,000 
people) of NL’s population. The Thrombosis Service is a comprehensive thrombosis and anticoagulation management 
service, which utilizes separate but interrelated clinics to deliver a spectrum of care required by patients with or at risk of 
thromboembolic disease. The Thrombosis Service is staffed during weekdays by full- and part-time clinical pharmacists, 
a Medical Director (Thrombosis Physician/Hematologist), additional hematologist support as needed, and a clerical 
support. The Thrombosis Service includes an Emergency Thrombosis Clinic for care of post-acute episode of venous 
thromboembolism; Thrombosis Clinics for general thrombosis or anticoagulation-related questions and follow-up; 
Anticoagulation Management Clinics for management of patients requiring long-term anticoagulants; and 
a Perioperative Anticoagulation Management Clinic for patients on anticoagulants requiring surgery or procedures. 
The service model is designed with pharmacists as the first point of patient contact. A pharmacist completes the initial 
patient assessment, presents the case for discussion with the Thrombosis Physician/Hematologist, provides patient- 
centred education on medication therapy, and facilitates medication access and insurance coverage as required. Patients 
on long-term anticoagulants are followed up in pharmacist-led clinics. Pharmacists also respond to patient questions 
regarding their anticoagulant management, as well as healthcare providers’ questions regarding the Thrombosis Service.

The increased risk of complications associated with antithrombotic therapy and the complexities surrounding 
thromboembolic disease management may influence medication adherence. There are limited data regarding adherence 
among patients receiving antithrombotic treatment in a multidisciplinary thrombosis setting. This study aims to assess 
adherence to antithrombotic medications for patients attending a multidisciplinary Thrombosis Service.

Method
Patient Population and Study Settings
The study was conducted in a multidisciplinary Thrombosis Service established in October 2017 in Eastern Health, NL.23 

Patients were eligible for the study if they were aged ≥18 years; had attended at least one appointment at the Thrombosis 
Service between October 10, 2017 and May 31, 2019, and had a valid mailing address within the hospital records. A total 
of 1058 patients were mailed an anonymous survey, which consisted of 24 questions, available in English, with a cover 
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letter and self-addressed return stamped envelope. A follow-up reminder letter and survey was mailed about 2 weeks 
after the first survey. Adherence to antithrombotic treatment was assessed by the 12-item Adherence to Refills and 
Medications Scale (ARMS)25 and satisfaction with Thrombosis Service using Short Assessment of Patient Satisfaction 
(SAPS) instrument.24 In addition, data were collected on patient demographic characteristics and anticoagulation 
therapies. Return of the completed questionnaire was considered informed consent. The SAPS utilizes a 5-point scale 
(0–4), with the continuous score ranging from 0 to 28 and categorical responses defined as 0–10 very dissatisfied, 11–18 
dissatisfied, 19–26 satisfied, and 27–28 very satisfied.

Assessment of Medication Adherence
Adherence to antithrombotic medications was assessed using the 12-item Adherence to Refills and Medications Scale 
(ARMS)25 which consisted of 2 subscales–adherence with taking medications (8 items) and adherence with the refilling 
of prescriptions (4 items). The 12 items on the scale each require a 1–4 Likert scale (1 = none of the time, 4 = all of the 
time) response. The item scores of the ARMS were summed to produce an overall adherence score with a possible range 
of 12–48, with lower scores indicating better adherence. The ARMS scores were dichotomized into high (≤16) or low 
(>16) adherence based on evidence that self-reported adherence is comparable to other measures of adherence such as 
Proportion of Days Covered (PDC) or Medication Possession Ratio (MPR).26 While there are no validated thresholds for 
measuring adherence using PDC or MPR, widely available evidence suggests the use of thresholds ≥0.8 or 80% as 
acceptable cut off point for high adherence to medications. Thus, on the ARMS range of 12–48 with lower scores 
indicating high or better adherence, a cut-off of ≤16 was used as a reasonable equivalence of PDC or MPR ≥ 0.9 or 90% 
if adherence was measured using pharmacy claims data.26 We used the ARMS score equivalent of MPR or PDC cut off 
≥0.9 or 90% which is 10% greater than the acceptable and commonly used MPR or PDC thresholds of 0.8 or 80%, to 
account for possible overestimation of medication adherence characteristics of self-reported measures.2,26,29 Patients with 
ARMS score ≤16 were considered adherent and those with score >16 as non-adherent. The internal consistency reliability 
for the ARMS was acceptable (Cronbach’s alpha = 0.70).

Statistical Analysis
The primary outcome was adherence to antithrombotic medications determined by the 12-item ARMS. Patient satisfaction 
with the Thrombosis Service was calculated as the sum of responses to each of the seven items of the SAPS scale. Sum 
responses to SAPS scale were dichotomized into a continuous range 0–18 indicating patient is dissatisfied and 19–26 as at 
least satisfied with the Thrombosis Service. Descriptive statistics were used to characterize study participants–frequencies 
and percentages for categorical variables, and means with standard deviations (SDs) for continuous variables. We used chi- 
square tests to compare differences in proportions of patient characteristics by adherent versus non-adherent groups. 
Although a small number of potential explanatory variables were collected, stepwise linear regression was used for statistical 
model selection. All variables were entered as independent variables into a stepwise linear regression model to identify 
factors associated with adherence to antithrombotic medications. Patient data with more than 6 missing responses of the 12- 
item ARMS were excluded from the analysis. Listwise deletion was applied where missing responses occurred in socio-
demographic variables. Data were analysed using the Statistical Package for Social Sciences V.26.0 (SPSS).

The study protocol was reviewed by the Health Research Ethics Board of NL, and it was determined that the project 
was a quality assurance/quality improvement project, and as such did not require ethics review.

Results
Of 1058 eligible patients, 563 responded to the survey representing a response rate of 53.2%. Seventeen were excluded, 
as they had failed to provide responses to more than 6 ARMS items. Out of remaining 546 patients with complete 
responses, 55% (n = 297) were on DOACs, 19% (n = 102) on warfarin, 5.0% (n = 27) on low molecular weight heparin 
(LMWH), 3.3% (n = 18) on antiplatelet therapy and 18% (n = 96) were no longer on antithrombotic therapy at the time 
of the survey. Nearly half (47%, n = 253) had taken antithrombotic medications for 1–5 years, while 28% (n = 150) and 
25% (n = 137) for <1 year and >5 years, respectively.
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The mean adherence to antithrombotic medications measured by ARMS was 13.9 (SD±2.2, range 12–25). The mean 
responses to each of the 12 items of ARMS ranged from 1.05 ± 0.22 to 1.81 ± 1.12 (Table 1). About 457 (88.0%) of 
patients were adherent (ARMS ≤16) to their antithrombotic medications. Adherence did not significantly differ by most 
of the patient characteristics except age categories. Patients aged 50 years and older were more likely to be adherent to 
their antithrombotic therapy compared those <50 years (p = 0.032) (Table 2).

About 82.4% (460) of patients were either satisfied or very satisfied with the Thrombosis Service and >88% (408) of 
those patients were adherent to their antithrombotic medications. The univariate analysis showed that post-secondary 
education (β = 0.0052, p = 0.006) and satisfaction with Thrombosis Service (β = 0.0004; p = 0.019) were significantly 
correlated with adherence to antithrombotic medications. In multivariable linear regression, patients with post-graduate 
education had a 0.4% lower mean adherence to antithrombotic medications compared to patients with elementary school 
education (β = 0.0039, p = 0.048). Patients with prior antithrombotic agent use for >5 years had a 0.5% lower mean 
adherence to antithrombotic agents compared to patients with <1 year of use (β = 0.0047, p = 0.0244) while holding all 
other factors constant. The correlation between satisfaction with Thrombosis Service and adherence to antithrombotic 
treatment observed in univariate analysis did not persist in the multivariable linear regression (Table 3).

Discussion
The present research is one of the first to assess self-reported adherence to antithrombotic therapy using the 12-item ARMS 
among patients attending at least one appointment in a multidisciplinary Thrombosis Service. Adherence to antithrombotic 
therapy was high (88%). Multivariable linear regression showed that patients with post-graduate education had lower 
adherence to antithrombotic treatment compared with those with elementary education. Patients with prior antithrombotic 
agent use for >5 years had lower adherence to antithrombotic medications compared to patients with <1 year.

A number of methods have previously been used to measure adherence in patients on various medications, including those 
on antithrombotic agents. Of those, the self-reported adherence measure presents a practical way to assess adherence because 
of its low cost. Self-reported adherence has reliably predicted clinical outcomes and appears to be the most practicable 
approach to assessing adherence to antithrombotic treatments in real-world settings where a considerable number of patients 

Table 1 Mean Responses to the Items on Adherence to Refills and Medications Scale (ARMS)

No. Item Mean ± SD

1 How often do you forget to take your medicine? 1.33 ±0.52

2 How often do you decide not to take your medicine? 1.07 ± 0.35

3 How often do you forget to get prescriptions filled? 1.07 ± 0.35

4 How often do you run out of medicine? 1.08 ± 0.27

5 How often do you skip a dose of your medicine before you go to the doctor? 1.05 ± 0.22

6 How often do you miss taking your medicine when you feel better? 1.05 ± 0.22

7 How often do you miss taking your medicine when you feel sick? 1.05 ± 0.22

8 How often do you miss taking your medicine when you are careless? 1.20 ± 0.41

9 How often do you change the dose of your medicines to suit your needs (like when you take more or less pills than 
you are supposed to)?

1.05 ± 0.22

10 How often do you forget to take your medicine when you are supposed to take it more than once a day? 1.18 ± 0.40

11 How often do you put off refilling your medicines because they cost too much money? 1.05 ± 0.24

12 How often do you plan ahead and refill your medicines before they run out? 1.81 ± 1.12

Note: Reproduced from Kripalani S, Risser J, Gatti ME, Jacobson TA. Development and evaluation of the Adherence to Refills and Medications Scale (ARMS) among low 
literacy patients with chronic disease. Value in Health 2009;12(1):118–123.25 

Abbreviation: SD, Standard deviation.
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are expected to be on DOACs.27–29 While several validated instruments on self-reported adherence exist in literature, the 
ARMS has been demonstrated to be reliable in chronic disease populations, and has good performance characteristics even 
among low-literacy patients.25 In addition, the ARMS has correlated strongly with the Morisky Medication Adherence Scale 

Table 2 Relationship Between Patient Characteristics and Adherence to Antithrombotic 
Therapy

Patient Characteristics Adherent (n = 481*, 
88.1%)

Non-Adherent (n = 65*, 
11.9%)

p-value

Sex

Male 247 (45.48) 30 (5.52)
0.574

Female 231 (42.54) 35 (6.46)

Age

< 30 2 (0.37) 2 (0.37)

0.032
30–49 58 (10.66) 7 (1.29)

50–69 231 (42.46) 38 (6.99)

>70 188 (34.56) 18 (3.30)

Education

Elementary 93 (17.19) 14 (2.59)

0.906Secondary 66 (12.19) 42 (7.77)

Post-secondary 318 (58.78) 8 (1.48)

Antithrombotic Therapy

DOACs 270 (50.00) 27 (5.00)

0.224

Warfarin 89 (16.48) 13 (2.41)

Low molecular weight heparin 23 (4.26) 4 (0.74)

Antiplatelet 16 (2.96) 2 (0.37)

No longer on antithrombotic 

therapy

78 (14.44) 18 (3.33)

Antithrombotic Therapy Duration (years)

< 1 129 (23.89) 21 (3.89)

0.6051–5 226 (41.85) 27 (5.00)

>5 121 (22.41) 16 (2.96)

Patient Satisfaction

Very satisfied 88 (16.12) 11 (2.01)

0.199

Satisfied 320 (58.61) 41 (7.51)

Dissatisfied 59 (10.81) 13 (2.38)

Very dissatisfied 14 (2.56) 0 (0.00)

Notes: Adherent; ARMS Score ≤ 16. Non-adherent; ARMS Score > 16. *Not all sections total 546 as not all patients 
answered all sociodemographic survey questions.
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(MMAS)30 and has demonstrated good internal consistency and test–retest reliability.25 The 12-item ARMS has recently been 
used to assess adherence to anticoagulants and its predictors in NVAF.29 The ARMS has several advantages over other 
methods of evaluating adherence, including its ease of use, quick administration, and low-cost approach to measuring 
adherence in busy ambulatory care settings.

The majority of patients (88%) in the present study were adherent to antithrombotic therapy measured by the ARMS. 
Our self-reported adherence estimate differed from previous studies27–29 conducted in similar patient populations. The 
adherence to antithrombotic agents seen in our study is higher than that of a Canadian study of 500 consecutive 
outpatients with VTE or NVAF,28 which reported that 56.5% of participants were adherent using a validated 4-item 
MMAS.28 In addition, the adherence rate in the present study was higher than previous research by Rossi et al,27 Chen 
et al29 and Zhao et al,31 which were cross-sectional studies of consecutive outpatients diagnosed with NVAF. According 

Table 3 Multivariate Linear Regression Showing Factors Associated 
with Adherence to Antithrombotic Therapy in Patients Attending 
a Multidisciplinary Thrombosis Service

Patient Characteristics Medication Adherence

β-Coefficient P-value

R2 0.0252 0.006

Age (years)

< 30 Reference

30–49 −0.0131 0.142

50–69 −0.0123 0.158

≥70 −0.0158 0.073

Education

Elementary school Reference

Secondary school 0.0016 0.536

Post-secondary education 0.0039 0.048

Antithrombotic Therapy

Antiplatelet Reference

DOAC 0.0060 0.173

Warfarin 0.0052 0.257

Low molecular weight heparin 0.0062 0.252

No longer on antithrombotic therapy 0.0082 0.109

Antithrombotic Therapy Duration (years)

Less than 1 year Reference

1–5 years 0.00078 0.669

More than 5 years 0.0047 0.0244

Patient Satisfaction

SAPS score 0.00026 0.109

Abbreviations: SAPS, Short Assessment of Patient Satisfaction; DOAC, Direct oral 
anticoagulant; LMWH, Low molecular weight heparin.
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to Rossi et al, 73.8% of the patients were adherent to anticoagulants.27 Zhao et al reported a non-adherence rate of 32.3% 
with the use of a validated 8-item MMAS,31 while Chen et al showed relatively less non-adherence to anticoagulants 
using a validated 8-item ARMS29 in NVAF patients seen at tertiary centers.

Our study demonstrated a significant association between higher levels of education and lower adherence to 
antithrombotic medications. A number of previous studies have shown no association,27–29,32 while others have demon-
strated positive33–35 or negative36 associations between educational level and medication adherence. Our results are in 
line with the findings of Jaam et al’s study which reported a significant association between higher education and lower 
medication adherence with a validated ARMS in diabetes.36 A recent study also showed a marginal but significant 
association between higher education and nonadherence to medications.37 Higher level of education has been shown to 
be associated with greater rates of postponing medication taking and reducing doses of prescribed medications38 and 
could plausibly explain the results seen in our study.

Our multivariate linear regression showed a significant but marginal association between prolonged duration of 
antithrombotic therapy and lower adherence to treatment. Patients who had taken antithrombotic treatment for >5 years 
were more likely to have lower adherence compared with those who had <1 year of antithrombotic therapy. This finding 
is consistent with a cross-sectional study conducted by Miyazaki et al.39 Miyazaki et al examined the association between 
medication adherence and illness perceptions, and further explored the factors associated with poor medication adherence 
in patients diagnosed with NVAF receiving DOACs using the MMAS-8.39 Miyazaki et al reported a significant 
association between the longer duration of DOAC exposure and poor medication adherence.39 Conversely, previous 
studies, which assessed medication adherence and its predictors using the pharmacy claims data, appear incongruent with 
our findings. Feng Lai et al40 and Salmasi et al18 have recently demonstrated a significant association between the longer 
duration of therapy and the adherence to anticoagulants measured using PDC or MPR. A study authored by Manzoor 
et al reported that adherence was lower and worsened over time in patients who were previously anticoagulant naïve, an 
indication that patients with previous experience of anticoagulant use may fare better in terms of adherence to DOAC 
therapy than those who are newly initiated on DOAC therapy.41 However, in the present survey, a significant number of 
patients had used antithrombotic medications for a short duration (<5 years) and may plausibly have been undergoing 
more intensive monitoring with more frequent contact with care providers compared to antithrombotic-experienced 
patients with longer duration of antithrombotic agent use.42

While adherence to antithrombotic treatment within the Thrombosis Service was generally high, marginal but statistically 
significant lower mean adherence was seen in patients with more advanced education and prolonged duration of antithrom-
botic agent use compared to those with elementary school education and <1 year on antithrombotic treatment. Given that 
associations between adherence and high education and longer duration of antithrombotic therapy are marginally significant 
and have not been consistently reported in previous studies,18,27–29,32,39,40 it is unclear what the true significance of these 
findings is. However, it is worth noting that, more advanced education and prolonged duration of antithrombotic therapy 
were not linked to a greater adherence to antithrombotic treatment; and so it may not be safe to assume that patients with 
advanced education or have been on antithrombotic medications for a prolonged period are very adherent to their medication. 
These patient populations may require measures to facilitate ongoing adherence to antithrombotic therapy.

Our study has a number of strengths. First, our study is the largest in terms of sample size to assess self-reported 
adherence to antithrombotic therapy among patients requiring these medications. Second, we used a stringent adherence 
threshold with a comparable cut-off ≥0.9 or 90% for PDC or MPR to evaluate the prevalence of antithrombotic 
medication adherence in the present study.26 Despite the stringent threshold used in the present study, adherence to 
antithrombotic therapy was high. Third, we are among the first to report on adherence to antithrombotic medications in 
patients seen within a specialized multidisciplinary Thrombosis Service. Finally, the use of validated tools to assess 
medication adherence constitutes another strength of the study.

However, there are limitations to note. Given that the present study is observational and cross-sectional, causal 
inferences could not be made. Also, the use of ARMS may overestimate adherence to social-desirability biases common 
to self-reported instruments. However, we adopted strategies to reduce social desirability bias. First, surveys were 
anonymous to avoid pressure on participants to respond in a socially acceptable way. Secondly, we minimized the 
participation in data collection or survey coordination for researchers who were involved in direct patient care at the 
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Thrombosis Service. This was to reduce any impact healthcare provider–patient relationships might have on participants’ 
responses to the survey. Our study may have been subject to recall bias, as some patients may have difficulty 
remembering the details of their encounter, particularly if there was a delay between the clinical encounter and the 
survey receipt. Finally, the study was conducted in a specialist setting, which may limit its generalizability. Nearly half 
(46.8%) of patients did not respond to the survey, and it is unknown if this would change the results. However, previous 
data from patients attending the Thrombosis Service had baseline characteristics (eg, age and sex distribution) similar to 
the population in this study.43 Moreover, our response rate is consistent with or higher than previous research which 
assessed adherence to antithrombotic treatments in patients with thromboembolic conditions using similar methods to 
ours.27–29 Thus, the results may be representative of the patients attending the various clinics of the Thrombosis Service 
and data from those who did not respond to the survey is unlikely to change the results.

Conclusion
Self-reported adherence to antithrombotic therapy was high (88%) in patients managed within a specialized multi-
disciplinary Thrombosis Service. Patients with more advanced education and those with prolonged duration of antith-
rombotic agents were marginally associated with lower adherence to antithrombotic therapy. Further research is required 
to evaluate the impact of model of care on adherence to antithrombotic therapy.
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