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Direct oral anticoagulants (DOACs), such as apixaban, dabigatran, rivaroxaban, 
and edoxaban, offer alternatives to warfarin that do not require routine serum 
level monitoring. Several clinical trials have shown that DOACs are as effec-

tive as, and at times safer than, warfarin.1-12 These medications may not always replace 
warfarin as first-line therapy because warfarin has an antidote and a method of routine  
serologic monitoring through the international normalized ratio (INR). However,  
DOACs have fixed doses that do not change along with vitamin K dietary intake,  
although sometimes renal function must be monitored. Dabigatran is the only DOAC 
with an antidote, idaricuzumab, that is approved by the US Food and Drug Administra-
tion.13,14 Antidotes for the other DOACs are currently in clinical trials.15 Monitoring of 
serum levels for dabigatran via the hemoclot thrombin inhibitor and ecarin clotting time 
assays are not widely available.16 
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Context: Direct oral anticoagulants (DOACs) may be as effective as, and at times 
safer than, warfarin. Because DOACs do not require regular serum level monitor-
ing, patients’ interaction with the health care system may be reduced. To the authors’ 
knowledge, although studies have evaluated warfarin adherence, few studies have 
evaluated the real-world adherence to DOACs. 

Objective: To evaluate whether a difference exists between medication adherence of 
patients taking DOACs vs patients taking warfarin. 

Methods: The electronic medical records of the Anticoagulation Clinic database at 
Mayo Clinic in Scottsdale, Arizona, were reviewed. Inclusion criteria were adults 
taking DOACs and a matching cohort taking warfarin between January 1, 2011, and 
December 30, 2013. The Morisky Medication Adherence Scale-8 item, a validated 
medication adherence tool, was used to evaluate adherence in both cohorts, and the 
qualitative covariates were analyzed using ordinal logistic regression.

Results: Of 324 surveys that were sent, 110 patients (34.0%) responded. Most patients 
took DOACs for atrial fibrillation, and few took DOACs for venous thromboembo-
lism. Overall, 60 of 66 patients (90.9%) in the DOAC group and 42 of 44 patients 
(95.5%) in the warfarin group reported medium or high adherence. Difference in 
adherence scores between the 2 groups was not statistically significant (P=.8). 

Conclusion: Similar adherence was noted between DOACs and warfarin regardless 
of the frequency of serum level monitoring. 
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ence score, the Morisky Medication Adherence Scale-8 
item (MMAS-8), among US patients who took DOACs 
and compare their results with a similar cohort that took 
warfarin. We hypothesized that more frequent health 
care visits and acute DOAC monitoring via the INR 
would increase medication adherence. 

Methods
We reviewed electronic medical records in the Anti-
coagulation Clinic database at Mayo Clinic in Scott-
sdale, Arizona, to identify all patients who took a 
DOAC between January 1, 2011, and December 30, 
2013. Patients aged 17 years or younger and patients 
who were pregnant were excluded. An equivalent 
number of patients who took warfarin were also in-
cluded for comparison. The project was reviewed 
and approved by the institutional review board at 
Mayo Clinic.
	 A 20-question survey that included the MMAS-8 was 
mailed to all consecutive patients who took a DOAC or 
warfarin within this period. Patients were asked to an-
swer multiple-choice questions about what type and du-
ration of anticoagulant medication they were taking, why 
they were taking this medication, what method they used 
to remember to take medication, missed dosage, risks 
and complications, and demographic characteristics. The 
validated MMAS-8 score was used to evaluate adher-
ence to the medication. Patients are considered to have 
low adherence with scores less than 6, medium adher-
ence with scores of 6 to 7, and high adherence with a 
score of 8.44-46 
	 The first round of surveys was mailed in July 2014, 
and the second round was mailed in August 2014. Pa-
tients who did not respond via mail were contcted via 
telephone between September 2014 and January 2015. 
Survey mailings and telephone interviews were con-
ducted by the Survey Research Center at Mayo Clinic. 
Patients were also excluded if they declined to partici-
pate, could not be reached, were medically unable to 
complete the survey, did not complete the Health Insur-
ance Portability and Accountability Act of 1996 consent 

	 The INR monitoring required with warfarin therapy 
enables an interaction between patients and the health 
care system that may promote warfarin adherence. The 
International Normalized Ratio Adherence and Genetics 
study17,18 looked at factors affecting nonadherence to 
warfarin among 111 patients and found that the lack of 
adherence ranged between 20% and 30% during 1 year. 
Of all patients, 40% were adherent 80% of the time or 
less, and 15% were adherent 50% of the time or less.17,18 
In general, medication adherence is higher in clinical 
trials than in everyday use, and still, trials average an 
adherence rate of 43% to 78%.19,20 Although studies have 
evaluated warfarin adherence, to our knowledge, few 
studies21,22 have evaluated the real-world adherence to 
DOACs. 
	 The DOAC trials estimate that warfarin nonadher-
ence ranges from 22% to 58%.17,18,23-28 This finding is 
concerning because 34% to 43% of patients taking war-
farin have levels outside the therapeutic range.29,30 Sev-
eral observational studies have linked a number of risk 
factors to warfarin nonadherence, including younger age, 
male sex, lower stroke risk, poor cognitive function, 
poverty, and poor health literacy.24,31-34 Physicians can be 
culpable as well by not following guidelines35 or by 
giving alternating doses, which further decreases adher-
ence.36 In general, patients have a poor knowledge base 
about taking warfarin.37

	 Several researchers have voiced concern over ad-
herence to DOACs.38-40 Many of the DOAC clinical 
trials did not report adherence rates; when reported, the 
adherence rates were higher than with warfarin.21,22,41 
One retrospective study of 3 centers in Sweden com-
pared the adherence to dabigatran with adherence to 
warfarin and found that adherence to dabigatran was 
not notably different from warfarin in regard to safety 
and efficacy.42 Another study of adherence based on 
medication fill dates and the days of supply on phar-
macy claims with median follow-up of 1.1 years noted 
that adherence was slightly higher with DOACs 
(47.5%) than with warfarin (40.2%).43 
	 In the present study, we aimed to retrospectively 
evaluate adherence using primarily a validated adher-
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less than .05 was considered statistically significant. All 
statistical analyses were performed in SAS software 
(version 9.4; SAS Institute, Inc).

Results
A total of 324 patients were identified who were taking 
DOACs (Figure). Of the 324 patients, 192 (59.3%) were 
excluded. Of the 132 patients who responded, 19 
(14.4%) were no longer taking DOAC, 2 (1.5%) did not 
answer any MMAS-8 questions, and 1 (0.7%) did not 
answer the additional qualitative questioning, leaving 
110 patients for further data analysis. Of the 110 study 

form, or died before the survey was issued. Further ex-
clusion criteria included patients who no longer took a 
DOAC and those who did not answer any MMAS-8 
questions and additional qualitative reasoning. 
	 Data were summarized by frequency and analyzed 
with the Fisher exact test, unpaired t test, or Pearson χ2 
test, as appropriate. Multivariate regression was per-
formed to determine whether type of anticoagulant and 
cost, depression, anxiety, complexity in tracking medica-
tions, delay in prescription refills, or intentional stopping 
of medication had affected adherence. These data were 
synthesized to help determine medication adherence, 
education, and complications of DOAC use. A P value of 

132 patients responded

324 patients screened for eligibility

192 patients excluded
◾	 80 declined to participate
◾	 64 could not be reached
◾	 26 did not complete HIPAA consent
◾	 18 died before survey was issued
◾	 4 medically unable to complete survey

22 patients excluded from final analysis
◾	 19 no longer taking DOAC
◾	 2 did not answer MMAS-8 questions
◾	� 1 did not answer additional qualitative 

questioning

66 patients taking direct oral anticoagulants 
included in the final analysis

44 patients taking warfarin 
included in the final analysis

Figure.
Diagram illustrating flow of patients through study. Abbreviations: DOAC, direct oral 
anticoagulant; HIPAA, Health Insurance Portability and Accountability Act of 1996;  
MMAS-8, Morisky Medication Adherence Scale-8 item.
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patients, 66 (60%) were taking a DOAC and 44 (40%) 
were taking warfarin. Most patients had been taking an 
anticoagulant for more than 3 months, with 63 of 66 in 
the DOAC group (95.5%) and 43 of 44 in the warfarin 
group (97.7%). Patients who took a DOAC had a mean 
(SD) age of 70.1 (8.6) years, and 47 (71.2%) were men. 
Patients who took warfarin had a mean (SD) age of 68.3 
(10.3) years, and 26 (59.1%) were men. No difference in 
adherence was found regarding age (P=.33), sex 
(P=.21), or prescribed oral anticoagulant medication 
(P=.65) (Table 1). 
	 Between the DOAC group and the warfarin group, no 
difference was found in techniques patients used to re-
mind themselves to take their medication. In both groups, 
most patients used a pill sorting box or remembered to 
take medication without a reminder (Table 1). Overall, 
58 of 66 patients (87.9%) in the DOAC group and 42 of 
44 patients (95.5%) in the warfarin group showed good 
health literacy when asked if they knew what to do if 
they missed a dose. Most patients said they were aware 
of the risks of missing a dose and cited the most frequent 
reasons for missed medications as “sometimes forget-
ting” (25 [22.7%]) and “feeling hassled” (13 [11.8%]). In 
contrast, 91 patients (82.7%) reported never or rarely 
having difficulty remembering to take their medication; 
15 (13.6%), difficulty once in a while; and 3 (2.7%), 
sometimes having difficulty. One patient reported usu-
ally having difficulty remembering his or her medica-
tions. Of 110 patients, 15 (13.6%) reported living alone, 
108 (98.2%) reported a high school education or higher, 
and 92 (83.6%) reported a combined annual income of 
more than $35,000. 
	 Atrial fibrillation was the most common reason for 
taking an anticoagulant (82 [74.5%]). Notably more pa-
tients were taking a DOAC (56 of 66 [84.8%]) than 
warfarin (26 of 44 [59.0%]) for atrial fibrillation 
(P=.003). Overall, 8 of 66 patients (12.1%) were taking 
a DOAC for deep vein thrombosis compared with 10 of 
44 (22.7%) who were taking warfarin (P=.19). In addi-
tion, 4 of 66 patients (6.0%) were taking a DOAC for 
pulmonary embolism compared with 10 of 44 (22.7%) 
who were taking warfarin. 

	 Thirty-five of 66 patients (53%) in the DOAC group 
and 14 of 44 patients (32%) in the warfarin group were 
taking an additional anticoagulant. The most common 
additional medication was aspirin, followed by clopido-
grel, ticagrelor, and dipyridamole (Table 1). The survey 
asked about bleeding complications but not whether dual 
or triple anticoagulants were taken during these events. 

Medication Adherence

The DOAC group showed high adherence, which could 
be explained by patients’ perception of the importance of 
anticoagulants compared with other medications, such as 
those for hypertension or diabetes. The difference be-
tween the DOAC and warfarin groups’ adherence ratings 
was not statistically significant (P=.67) (Table 2). No 
statistical significance was found in adherence scores 
among the different DOACs (P=.22) (Table 3). 

Discussion
Osteopathic physicians are trained to consider the whole 
patient when approaching health care. Medication adher-
ence can play a large role in health outcomes and thus 
should be considered during patient education. Most  
patients in the present study who took DOACs had  
adherence scores similar to patients taking warfarin. No 
statistically significant difference was found between the 
2 groups in adherence scores with an effect size or mean 
of 0.54. No statistically significant difference in adher-
ence was found regarding age, sex, prescribed oral anti-
coagulant medication, method of reminder, addition of 
anticoagulant, bleeding complications, and DOAC edu-
cation (ie, knowledge of missed dose). Most of the pa-
tients in the present study had a high school education or 
higher, knew what to do when they missed their medica-
tions, and had a mean combined income level of $35,000, 
all of which have been shown to positively affect adher-
ence levels.47

	 Notably more patients took DOACs for atrial fibrilla-
tion and more patients took warfarin for pulmonary em-
bolism than for other conditions. Possible explanations 
include physicians’ familiarity with the DOACs and their 
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Table 1. 
Characteristics of Patients Taking Direct Oral Anticoagulants (DOACs) or Warfarin (N=110)a

	 DOAC	 Warfarin	  

Variable	 (n=66)	 (n=44)	 P Valueb

Age, y, mean (SD)	 70.1 (8.64)   	 68.3 (10.29)	 .33c

Sex, Men	 47 (71)	 26 (58)	 .21

Taking This Medication for >3 mo	 63 (97)	 43 (98)	 .65

Reason for Taking Medication	  	

  Atrial fibrillation	 56 (85)	 26 (59)	 .003

  Deep vein thrombosis	 8 (12)	 10 (23)	 .19

  Pulmonary embolism	 4 (6)	 10 (23)	 .017

  Prevention of blood clot from hip or knee surgery	 0	 0	  

  Other	 13 (20)	 18 (41)	 .019

Time Took Medication, %			   .25d

  >90	 61 (94)	 44 (100)	

  70-89	 3 (5)	 0	

  50-69	 1 (2)	 0	

Method Used to Remember to Take Medication 

  Alarm or timer	 5 (8)	 4 (9)	 >.99

  Written reminder	 0	 1 (2)	 .40

  Pill sorting box 	 41 (62)	 24 (55)	 .44

  I just remember to take	 30 (45)	 21 (48)	 .85

  Someone keeps track for me	 4 (6)	 3 (7)	 >.99

  Decided to stop taking	 4 (7)	 1 (2)	 .20

“Do you know what to do if you miss a dose?”	  	   	 .39d

  No	 3 (5)	 1 (2)	  

  Yes	 58 (88)	 42 (95)	  

  Don’t know	 5 (8)	 1 (2)	  

Aware of Risk of Missing a Dose	 65 (98)	 42 (95)	 .56

Complications	 8 (12)	 9 (21)	 .29

  Deep vein thrombosis	 0	 1 (2)	 .40

  Stroke	 0	 0	

  Gastrointestinal bleeding	 1 (2)	 2 (5)	 .56

  Coughing up any blood	 0	 0	  

  Other	 7 (11)	 9 (20)	 .17

“Do you also take any of the following medications?”	  

  Aspirin	 18 (28)	 11 (26)	 .83

  Clopidogrel	 4 (7)	 1 (2)	 .65

  Ticagrelor	 4 (7)	 0	 .15

  Dipyridamole	 4 (7)	 0	 .15

  Other	 5 (9)	 2 (5)	 .70

a	 Data are given as No. (%) unless otherwise indicated.
b	 P values were calculated using the Fisher exact test unless otherwise indicated.
c	 P value was calculated using the unpaired t test. 
d	 P values were calculated using the Pearson χ2 test.
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Table 2. 
Adherence Rating and MMAS-8 Scores  
of Patients Taking a DOAC vs Warfarin (N=110)

	 DOAC	 Warfarin	  

Variable	 (n=66)	 (n=44)	 P Value

Adherence Rating, No. (%)	  	   	 .67

  Low adherence 	 6 (9)	 2 (5) 	

  Medium adherence	 21 (32)	 15 (34)	  

  High adherence	 39 (59)	 27 (61)	  

MMAS-8 Score, mean (SD)	 7.38 (0.90)   	 7.43 (0.80)   	 .80

Abbreviations: DOAC, direct oral anticoaguant; MMAS-8, Morisky Medication Adherence 
Scale-8 item.

health literacy and a lower income, and 65% of patients 
had been taking warfarin for more than a year; these 
factors reportedly lead to poor adherence.19,24 Avila et al23 
also used the 4-item MMAS in Brazil to measure war-
farin adherence and found that 39% of patients had high 
adherence, 58% had medium adherence, and 3% had low 
adherence. More than 90% of surveyed patients had high 
and medium adherence, with time taking anticoagulation 
therapy and medication cost as factors in INR stability.23 
Studies of warfarin using a medication bottle cap that can 
record occurrence and time of bottle opening and phar-
macy refill tracking found nonadherence to be 20% to 
21%.17,27 For DOACs, many trials did not analyze adher-
ence. Two trials of dabigatran reported 94% to 98% ad-
herence,48,49 and another trial for rivaroxaban reported 
94% adherence.50 

Limitations

The survey in the present study had low rates of partici-
pation and recall bias. In the study by Davis et al,47 pa-
tients completed surveys during office visits and had a 
higher participation rate than the current study’s 
mailing and telephone survey approach. Possible expla-
nations for the current study’s low participation include 
patients’ privacy concerns or confusion about the 
Health Insurance Portability and Accountability Act of 
1996 consent form, time commitment, or forgetting to 
complete the survey in the requested time frame. Our 
anticoagulation clinic serves an older population (me-
dian age, 68-70 years), and some patients have 2 ad-
dresses in different climate zones. These factors may 
explain why 64 patients could not be reached by mail or 
telephone. In the current study, we measured medica-
tion adherence by survey because our population filled 
their prescriptions at many pharmacies in many loca-
tions; thus, the funding and time were limitations for 
medication refill monitoring. 

Conclusion
We found no statistically significant difference between 
adherence to DOACs and warfarin. Although this study 

indication or comfort level prescribing them to manage 
atrial fibrillation vs pulmonary embolism. Patients treated 
for atrial fibrillation are often assigned to long-term anti-
coagulation therapy, and patients treated for deep vein 
thrombosis or pulmonary embolism may be taking an 
anticoagulant on a temporary or a long-term–to-lifelong 
basis. Lifelong anticoagulation therapy may also have an 
effect on adherence because the number of patients ad-
hering to medication use has been shown to decrease over 
time. Osterberg and Blaschke19 reported reduced adher-
ence after 3 months of anticoagulation. 
	 The present study reported a moderate adherence rate 
of 32% and 34% in the DOAC and warfarin groups, re-
spectively, and a high adherence rate of 59% and 61%. 
To the authors’ knowledge, no universal standards have 
been defined for medication adherence, and previous 
studies have individualized definitions of adherence. 
Some studies25,26 have reported rates of 34% to 43% of 
INR levels outside the normal range. Davis et al47 used 
the 4-item MMAS to survey 52 patients at a large inner 
city hospital and found that more than half of the respon-
dents reported an income less than $10,000. Half of the 
respondents had adequate adherence, but of these re-
spondents, 73% had poor anticoagulation control, which 
was arbitrarily defined as less than 70% of INR levels in 
the therapeutic range. The respondents also had low 
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RECORD1 Study Group. Rivaroxaban versus  
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doi:10.1056/NEJMoa0800374
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was not powered for significance, the small effect size 
adds weight to this result being generalizable. Overall, 
our patients’ reported adherence rates were higher than 
those reported in a previous MMAS study51 on warfarin 
adherence. We suspect that this difference in adherence 
rates may be accounted for by differences in health lit-
eracy and income levels, as well as duration taking anti-
coagulant medication. 
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