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Purpose. The impact of a pharmacist-led direct oral anticoagulant (DOAC) 
service on prescription appropriateness and patient adherence was simul-
taneously evaluated. 

Methods. In this retrospective analysis, patients age 18 years or older for 
whom a DOAC was prescribed from September 20, 2013, through Decem-
ber 31, 2014, were identified through electronic medical record review of 
all DOAC prescriptions within the University of Michigan Health System. 
Patients had their DOAC therapy managed by a pharmacist-led DOAC 
service or by their physician (usual care). Primary endpoints included the 
percentage of patients who had appropriate DOAC therapy prescribed at 
baseline and at follow-up appointments at 3–6 months. Secondary end-
points included mean medication possession ratios (MPRs). 

Results. A total of 258 patients were included in the study, with 129 in 
each group. Patients in the pharmacist-led DOAC service were significant-
ly more likely to have an appropriate combination of DOAC and dosage 
prescribed for their indication at baseline compared with the usual care 
group (p = 0.009), a finding that persisted at follow up (p = 0.016). There 
was no significant difference between groups in the number of patients 
determined to have an appropriate DOAC prescribed for an approved indi-
cation (independent of dose) in the pharmacist-led service (95.3%) versus 
usual care (93.0%) at baseline. Patients in the pharmacist-led service had 
a greater mean adjusted MPR compared with the usual care group (p = 
0.0014) over a median follow-up period of 248 days. 

Conclusion. A pharmacist-led DOAC service increased appropriate dos-
ing of DOACs at baseline and follow up as well as patient adherence to 
therapy.
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Direct oral anticoagulants (DOACs), 
including dabigatran, rivaroxa-

ban, apixaban, and edoxaban, repre-
sent novel alternatives to vitamin K 
antagonists.1 These medications are 
attractive choices for both physicians 
and patients because of their predict-
able pharmacokinetics, fixed-dose 
regimens, lack of routine monitoring 
requirements, and fewer drug–drug 
interactions compared with warfarin. 
However, these anticoagulants are not 
without their own unique features and 
risks, including required dosage ad-

justments for renal function, weight, 
and age and the lack of a routine mon-
itoring parameter to ensure patient 
adherence with therapy.2-6

Despite recently expanded indi-
cations for the use of DOACs, there 
is currently a paucity of literature ad-
dressing the best approach to initiate 
and oversee therapy with these agents. 
Most studies have explored small 
groups of patients who were pre-
scribed a single DOAC, usually without 
a true comparison group. These studies 
have revealed frequent inappropriate 
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prescribing of DOACs and poor adher-
ence to DOAC therapy.7-9 Most recently, 
a large multisite study involving 67 
Veterans Affairs medical centers found 
that specific pharmacist-led activities 
were associated with greater adherence 
to dabigatran.10 However, the impact of 
a pharmacist-led DOAC service on ap-
propriate prescribing and medication 
adherence has not been assessed using 
all available DOACs with a comparison 
group that did not involve pharmacist 
interventions. 

We aimed to determine if a 
pharmacist-led DOAC service based 
in an outpatient anticoagulation man-
agement service (AMS) would allow for 
an increased percentage of patients to 
be initiated and continued on the cor-
rect dosage of a DOAC appropriate for 
their indication. In addition, we inves-
tigated the impact of this pharmacist-
led service on patient adherence.

Background

Beginning in 2013, any provider 
could refer a patient to the AMS for 
pharmacist assessment of appropri-
ate DOAC prescribing and ongoing 
monitoring. The AMS pharmacists 
review the medical record and then 
contact the patient by phone to verify 
appropriate DOAC prescribing (drug 
selection, dosing, and duration of 
treatment). Pharmacists assess labo-
ratory results (e.g., serum creatinine 
for renal function monitoring) at the 
time of referral and may order addi-
tional laboratory tests, if needed, un-
der the referring provider’s authority. 
Pharmacists may make recommen-
dations for changes to DOAC therapy 
(drug selection, dosing, and duration 
of treatment) directly to the referring 
provider through the electronic medi-
cal record (EMR) system or by page. 
Changes are enacted by the pharma-
cists after approval from the referring 
provider. Pharmacists also educate 
the patient about the medication and 
assess medication affordability. Two 
weeks after the initial contact, pa-
tients receive a follow-up phone call at 
which time adherence is verified and 
questions are answered. Three to 6 

KEY POINTS
•	 Clinical pharmacists are well 

positioned to provide recom-
mendations regarding the most 
appropriate direct oral antico-
agulant (DOAC) and dosage, 
promote patient understanding 
of DOAC therapy, and empha-
size the importance of medica-
tion adherence.

•	 Patients referred to a 
pharmacist-led DOAC service 
were more commonly initiated 
and continued on the correct 
dosage of a DOAC appropriate 
for their indication compared 
with patients managed outside 
of the DOAC service.

•	 This is the first study to simul-
taneously evaluate the impact 
of a pharmacist-led service 
on prescribing and adherence 
associated with the use of 3 
DOACs at a large academic 
medical center.

months later, pharmacists contact the 
patient again to assess for medication 
adherence, answer any questions, and 
assess renal function. Ongoing phone 
calls occur every 3–6 months as need-
ed while the patient remains on DOAC 
therapy. Patients receiving DOAC ther-
apy are not required to be referred to 
this service, as providers can prescribe 
and monitor DOAC therapy on their 
own within the health system.

Methods

Study design. This was a single-
center, retrospective, observational, 
matched cohort analysis of patients 
for whom a DOAC was prescribed by 
a provider within the University of 
Michigan Health System. The study 
protocol was reviewed and approved 
by the university’s institutional review 
board. Patients for whom a DOAC was 
prescribed from September 20, 2013, 

through December 31, 2014, were 
identified through EMR review of all 
DOAC prescriptions within the health-
care system. At the time of the study 
inclusion dates, edoxaban was not yet 
approved by the Food and Drug Ad-
ministration (FDA) and therefore was 
not included in our analysis. Records 
of DOAC prescriptions dispensed were 
obtained directly from community 
pharmacies. All data extracted from 
patient charts for our study popula-
tion were blindly audited by a second 
member of the study team to verify 
accuracy. Disagreement was resolved 
through discussion and consensus or 
through consultation with the senior 
investigator.

Study population. Patients age 18 
years or older who participated in an 
encounter with a pharmacist as part of 
the AMS DOAC service between Sep-
tember 20, 2013, and December 31, 
2014, were included in the interven-
tion group. This group was matched 
1:1 with a group of patients who had 
DOAC therapy initiated by their physi-
cian during the same time period but 
did not participate in the pharmacist-
led DOAC service (“usual care group”). 
These patients did not have any medi-
cation review at the time of DOAC ini-
tiation or during the follow-up period 
with an outpatient anticoagulation 
pharmacist; rather, their care was 
managed solely by their prescribing 
provider. The usual care group was 
matched with the intervention group 
based on the DOAC prescribed, indi-
cation for anticoagulation, age, and 
prescriber specialty (cardiology or 
noncardiology) using coarsened exact 
matching. Coarsened exact matching 
aims to reduce imbalance of specified 
covariates between a treated group 
and a matched control group.11 Addi-
tional patient characteristics that were 
not available before the study (e.g., 
race, renal function, specialty of pre-
scribing clinician, medical comorbidi-
ties) were abstracted from the EMR 
after 1:1 matching. Any patient who 
was initially prescribed a DOAC by a 
provider outside of our health system 
or younger than age 18 years was ex-
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cluded from the study. Patients receiv-
ing hemodialysis were not included in 
the study. Patients in the DOAC service 
were required to have at least 1 phone 
visit with a pharmacist.

Patients were required to have 
taken a DOAC for at least 3 months 
to be included in the medication pos-
session ratio (MPR) analysis. Patients 
were excluded from the MPR analysis 
if their DOAC prescription was never 
filled based on their pharmacy records 
despite the notation of an active pre-
scription in the EMR.	

Outcomes. The primary outcome 
was the percentage of patients with 
appropriate DOAC therapy prescribed 
at baseline and 3–6-month follow-
up appointments. Appropriateness 
of therapy was defined as DOAC use 
for an indication approved by FDA 
at a dose appropriate for the indica-
tion and adjusted for decreased renal 
function or the use of concomitant 
P-glycoprotein or cytochrome P-450 
isozyme 3A4 inhibitors or induc-
ers.2-4 The secondary outcome was the 
mean MPR. MPRs were calculated as 
the ratio of the days supply of DOAC 
possessed to the total number of days 
elapsed since the DOAC prescription 
was written. 

Statistical analysis. Categorical 
data were compared using chi-square 
tests and logistic regression. Continu-
ous data were compared using Stu-
dent’s t test and linear regression. Nor-
mally distributed data were described 
using mean ± S.D. Non-normally dis-
tributed data were described using me-
dian values with interquartile ranges. 
Unadjusted analyses were performed 
using chi-square tests. Adjusted odds 
of appropriate medication regimens 
were assessed using multivariable lo-
gistic regression models, including en-
rollment in the pharmacist-led service, 
baseline renal function, and cardiolo-
gist as the prescribing provider.

Results

A total of 1,512 patients were ini-
tially identified in the EMR. After 
coarsened exact matching was per-
formed, 258 patients were included in 

the study: 129 in the pharmacist-led 
DOAC service group and 129 in the 
usual care group. Overall, the groups 
were well balanced in terms of base-
line characteristics (Table 1). After 
matching, a significant difference be-
tween groups remained for race and 
DOAC initiated in the emergency de-
partment or during hospitalization. 

Appropriate drug and dosage 
selection. Patients in the pharmacist-
led DOAC service were significantly 
more likely to receive the appropri-
ate DOAC and dosage for their in-
dication at baseline compared with 
the usual care group (93% versus 
79.1%; adjusted odds ratio [OR], 3.0; 
p = 0.009; Figure 1). The majority of 
patients with inappropriate DOAC 
use were those who did not meet the 
dosage-reduction criteria for the pre-
scribed DOAC (Table 2). This finding 
persisted at 3–6-month follow-up 
appointments for the pharmacist-
led DOAC service (93.7%) versus the 
usual care group (81.1%) (adjusted 
OR, 2.92; p = 0.016). There was no 
statistically significant difference 
in terms of the number of patients 
determined to have an appropriate 
DOAC prescribed for an FDA-approved 
indication in the pharmacist-led 
DOAC service (95.3%) versus the 
usual care group (93.0%) at baseline 
(adjusted OR, 1.18; p = 0.771). 

Medication adherence. MPR 
data were available for 171 patients 
(66.3%) (95 in the pharmacist-led 
DOAC service, 76 in the usual care 
group). There were significant differ-
ences between patients with and with-
out available MPR data, including in-
dication, age, inpatient or emergency 
department initiation, cardiology pre-
scriber, and malignancy history (Table 
3). The median length of follow up was 
248 days. 

After adjusting for inpatient or 
emergency department initiation of 
a DOAC, cardiology prescriber, sex, 
race, DOAC indication, age, and medi-
an income, the mean MPR was 91.8% 
in the pharmacist-led DOAC service 
group compared with 79.3% in the 
usual care group (p = 0.0014) 

Discussion
Patients referred to a pharmacist-

led DOAC service were more com-
monly initiated and continued on 
the correct dosage of a DOAC appro-
priate for their indication compared 
with patients managed outside of the 
DOAC service, with the difference at-
tributable to the appropriateness of 
dosing. In addition, referred patients 
received ongoing education and sup-
port, which could have led to the im-
proved DOAC adherence that was 
seen in this cohort. As the medica-
tion experts of the interprofessional 
healthcare team, clinical pharmacists 
are well positioned to not only provide 
recommendations regarding the most 
appropriate DOAC and dosage given 
patient-specific data but also provide 
motivational interviewing and pa-
tient counseling to promote patient 
understanding of DOAC therapy, en-
sure patient awareness of potential 
adverse events, and emphasize the 
importance of medication adherence. 
Clinical pharmacists can often spend 
more time on DOAC education than 
their physician colleagues, given the 
medical complexity of many patients 
with an indication for DOAC therapy 
and the limited amount of time for ad-
dressing multiple problems during a 
patient encounter. In addition, phar-
macists and anticoagulation clinic 
staff are able to help with prescription 
assistance programs to ensure afford-
ability of the selected DOAC. To our 
knowledge, this is the first study to si-
multaneously evaluate the impact of a 
pharmacist-led service on prescribing 
and adherence associated with the use 
of three DOACs (dabigatran, rivaroxa-
ban, apixaban) at a large academic 
medical center. 

Similar to our findings, Larock and 
colleagues7 found that 26% of their 
study population received the wrong 
dosage of dabigatran or rivaroxaban. 
This may have significant clinical im-
plications, as not reducing DOAC dos-
ages for decreased renal function may 
increase the risk for bleeding, whereas 
underdosing may increase the risk for 
thrombus formation.
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Overall, patients in the pharmacist-
led DOAC service were more likely to 
have a higher MPR compared with 
usual care patients. Cutler and col-
leagues9 demonstrated that patients 
in a usual care environment for whom 
dabigatran was prescribed had a mean 
MPR of 63%. The authors suggested 
that improved methods for follow-up 
were needed for dabigatran-treated 
patients. In our study, patients in the 
usual care group had a mean adjusted 
MPR of 79.3%, higher than that report-
ed by Cutler and colleagues. However, 
the majority of our patients were tak-
ing rivaroxaban, a once-daily therapy, 
which may promote improved adher-
ence over twice-daily dabigatran. In 
addition, our study had a sizable pop-
ulation taking apixaban, to which pa-
tients may be more adherent despite 
its twice-daily administration because 
it is not associated with the dyspepsia 
seen with dabigatran. These differenc-
es may promote increased rates of ad-
herence in patients taking rivaroxaban 
or apixaban versus dabigatran. 

Baseline education about the im-
portance of medication adherence 

Table 2. Reasons for Inappropriate Dosing of Direct Oral Anticoagulants 
(n = 22)

Reason 
 No. (%) 
Patients

Patient did not meet criteria for dosage reduction 10 (45.5)

Incorrect dose for indication 5 (22.7)

Incorrect frequency of dosing 3 (13.6)

Insufficient duration of initial therapy 1 (4.5)

Dose not approved in the United States (dabigatran 110 mg) 1 (4.5)

Renal dosing adjustment needed 1 (4.5)

Direct oral anticoagulant prescribed in patients with severe renal 
dysfunction 1 (4.5)
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Figure 1. Drug and dose appropriateness measured at baseline and 3–6-month follow-up appointments.

was provided to all patients in the 
pharmacist-led DOAC service group. 
This likely contributed to our finding 
of improved medication adherence 
in the pharmacist-led DOAC service 
group. Pharmacists were also able to 
assist patients in the pharmacist-led 
DOAC service group who had diffi-
culty affording a DOAC by connect-
ing them with prescription assistance 
programs and helping them identify 
the most affordable DOAC given their 

prescription drug insurance. It is un-
clear how many patients in the usual 
care group received assistance with 
medication cost. 

Interpretation of these findings has 
a few notable limitations. First, this 
study was retrospective and performed 
in one institution, which limit external 
generalizability. Second, MPRs provide 
a surrogate marker of patient adher-
ence, and prescription-refill data were 
obtained from community pharma-
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cies rather than insurance claims da-
tabases. MPRs rely on refill history to 
estimate patient adherence. Due to 
variation in patient medication-use 
behaviors at home, MPRs are less ac-
curate predictors of true adherence 
than pill counts or directly observed 
administration. Nonetheless, MPR 
data are commonly used as a measure 
of medication adherence, which al-
lowed us to compare the results of our 
study with those of other published 
works.12,13 In our study population, not 
all patients had available MPR data, 
and many patients’ prescriptions were 
reported as never filled or refilled by 
the pharmacy they were electronically 
sent to as documented in our EMR. 
Third, we depended on community 

Table 3. Baseline Characteristics of Patients Based on Availability of MPR Dataa

Variable
MPR Data Available  

(n = 171)
MPR Data Not Available 

 (n = 87) p 

Male, % patients 56.0 51.0 0.448

Median (IQR) age, yr 67 (59–75) 64 (50–72) 0.006

Race, % patients 0.643

  White or Caucasian 69.6 74.7

  Black or African American 25.2 21.8

  Other 5.2 3.5

Median (IQR) income, $ 59,130 (48,772–75,559) 63,552 (46,356–74,823) 0.956

DOAC initiated by a cardiology provider, % patients 52.0 38.0 0.040

Median (IQR) CHA2DS2-VASc score 2 (2–4) 2 (1–4) 0.238

Known malignancy, % patients 5.3 14.9 0.008

Mean ± S.D. baseline creatinine clearance, mL/min 101.6 ± 45.9 92.4 ± 37.8 0.124

DOAC prescribed, % patients 0.121

  Dabigatran 5.3 8.0

  Rivaroxaban 52.0 62.1

  Apixaban 42.7 29.9

DOAC indication, % patients <0.001

  Atrial fibrillation 76.0 52.9

  VTE treatment 19.9 27.6

  VTE prevention (postoperative) 0 4.6

  Atrial fibrillation and VTE 1.2 3.4

  Other 2.9 11.5

DOAC initiated in the ED or inpatient, % patients 14.0 25.0 0.018
aMPR = medication possession ratio, IQR = interquartile range, DOAC = direct oral anticoagulant, VTE = venous thromboembolism, 

ED = emergency department.

  

pharmacy staff to provide accurate 
and complete medication dispens-
ing histories. Fourth, our institution 
has an inpatient pharmacist-led anti-
coagulation service as well as clinical 
pharmacists who round with our in-
patient care teams. If a patient was ad-
mitted to the hospital and was already 
taking or had been newly initiated on 
a DOAC during our inclusion period, 
he or she may have received education 
regarding the DOAC from an inpatient 
clinical pharmacist before discharge. 
We did match for this characteristic at 
baseline, but the difference between 
groups was significant. Fifth, patients 
may have been hospitalized during 
the course of the study or received a 
DOAC from another source, which 

may have led to an underestimation 
of true medication adherence. Sixth, 
while we reported on the appropriate-
ness of DOAC prescribing and adher-
ence, our study was not powered to 
provide conclusions on the impact of 
a pharmacist-led DOAC service on the 
occurrence of major bleeding or ve-
nous thromboembolic complications. 

Conclusion

A pharmacist-led DOAC service in-
creased appropriate dosing of DOACs 
at baseline and follow up as well as pa-
tient adherence to therapy.
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