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Abstract
Background: Oral anticoagulation (OAC) therapy is essential to avoid venous thromboembolism recurrence, but
drug-adherence sometimes might be poor.
Aim: To describe OAC adherence in patients after acute pulmonary embolism (PE) and to identify risk factors for
non-adherence.
Methods: We prospectively evaluated 324 PE patients (mean age 62.9± 14.3, 51.5% male) after 3, 6, 12 and
24 months, resulting in 1620 study visits. Data were analyzed using multivariable logistic models.
Results: Out of the study population, 19 patients (5.9%) were identified to be non-adherent to OAC therapy.
Significant predictors of non-adherence were a history of stroke and diabetes mellitus (DM) (OR= 6.07, 95% CI
1.58-23.36, P= .027 and OR= 3.46, 95% CI 1.15-10.40, P= .009, respectively).
Conclusion: The adherence rate to OAC is quite high in patients after acute PE, but patients with DM and a history of
stroke should be focused on in order to further improve OAC adherence.
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Introduction
Acute pulmonary embolism (PE) is a common and poten-
tially fatal cardiovascular disorder, which is characterized
by an embolic occlusion of one or more pulmonary arter-
ies. The incidence of PE is estimated to be about 0.5-1
cases per 1000 subjects per year, and increases with
age.1 It is the third most common cause of mortality among
the cardiovascular diseases, after coronary artery disease
and stroke.2

If possible, all PE patients should be treated with an oral
anticoagulation (OAC) therapy. In exceptional cases,
long-term treatment with low molecular weight heparin
(LMWH) is necessary. The duration of OAC is depending
on the underlying cause of PE, individual risk factors and

the risk of recurrence after ending OAC. PE patients re-
lated with a strong, transient provoking risk factor (eg im-
mobilization due to surgery) may end OAC after 3 months
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of treatment. Prolonged treatment is recommended in
cases with ongoing strong risk factors (eg active cancer)
and patients with unprovoked PE.1,3,4

OAC therapy is a safe, effective and convenient treat-
ment for most patients.5 Vitamin K antagonists (VKAs)
have been used for more than 70 years and have been
mainly replaced by the new direct OAC agents
(DOACs). DOACs show a lower risk of bleeding, show
a much shorter half life and have an equal or even higher
efficiency and less inter-individual variability than VKAs.
In addition, no International Normalized Ration (INR)
-controls and dosage adjustments need to be carried out
and there are less interactions with food or other medica-
tions.6 Continuous intake of OAC is very important, as
gaps in treatment can lead to venous thromboembolism
(VTE) recurrence.7 Studies have already shown that mor-
tality and recurrence of VTE increase significantly when
OAC are not taken strictly.8

Despite the convenient, usually well-tolerated and effect-
ive OAC treatment, non-adherence to therapy remains a ma-
jor problem.9 This may be either due to unwanted side effects
of the therapy, carelessness or not being convinced of the
need of treatment. After an acute PE, the therapeutic effect
of OAC on the patients’ symptoms may be very small; some-
times there will be no improvement of symptoms or effect on
wellbeing at all. Furthermore, PE may be diagnosed inciden-
tally and may be completely asymptomatic, so that the need
for therapy may be difficult to understand for patients.

Adherence is defined by the World Health Organization
(WHO) as the extent to which the persons’ behavior corre-
sponds with agreed recommendations from a healthcare
provider.10 This includes the beginning of therapy, imple-
mentation of the therapy regime and continuation or discon-
tinuation of treatment.11 Reduced medication adherence
may have multifactorial reasons, which have been classified
by the WHO into 5 groups: socio-economic factors,
therapy-related factors, patients-related factors, condition-
related factors and health system/health care team-related
factors.10 Recent literature points out that drug adherence
in general is affected by certain factors, such as comorbid-
ity, age, type of medication in use, number of drugs and
complexity of treatment, treatment time, frequency of in-
take, health literacy, employment status and income, socio-
economic status as well as beliefs and satisfaction with ther-
apy.12‐14 In addition, it has been proven that adherence to
OAC therapy is an issue especially in the first 12 months.15

It is therefore crucial to develop strategies that promote pa-
tient engagement during this critical period to maximize
treatment efficacy and minimize the risk of thromboembolic
events. On the other hand, adherence to oral anticoagulation
after acute PE especially beyond a follow-up period of 12
months is sparsely investigated but might be an especially
important issue.

The aim of this study is to describe OAC adherence in
patients after acute PE over a period of 2 years and to

characterize factors that may predict poor drug adherence.
This shall help better understanding whom to focus on in
order to improve the adherence to OAC and the effective-
ness of therapy.

Methods
This single-center, prospective, observational study was per-
formed at the University Hospital of Augsburg. The study
protocol was approved by the ethics committee of the
Ludwig-Maximilians-Universität München on 1. August
2017 (Reference number: 17-378) and was published in
2019.16

Study Population
The study included all consecutive patients >18 years ad-
mitted to the University Hospital of Augsburg with incident
or recurrent confirmed acute PE, diagnosed either by com-
puted tomography (CT) pulmonary angiography or ventila-
tion–perfusion lung scanning. Asymptomatic patients with
unexpected PE on a regular CT were also included.

Data Collection
After the patients have given informed consent, the study
nurses interviewed the participants during their hospital
stay using a standardized questionnaire. These interviews
covered basic demographic information, symptoms on
presentation, predisposing and PE-provoking factors and
comorbidities. In addition, clinical data were collected
from the patients’ medical chart after discharge from
hospital.

Follow-up of the PE Patients
All patients received postal questionnaires after hospital
discharge on a regular basis (in the first year after 3, 6
and 12 months; thereafter every 12 months; we used
data until month 24). The postal questionnaire contained
questions on disease symptoms, comorbidities,
health-related quality of life, dyspnea, major bleeding
complications, recurrent events and healthcare utilization
as well as current medication. Questions about OAC in-
cluded whether it was discontinued and, if so, whether
this was done independently or in consultation with health
care providers.

Outcome Parameters
The primary outcome was the adherence to OAC in pa-
tients with acute PE and whether the therapy was discon-
tinued independently or in consultation with medical
personnel. Patients who unauthorized ended OAC therapy
during the 24 months follow-up were defined as non-
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adherent. Patients, who followed their physician’s recom-
mendations and continued or discontinued treatment, were
defined as adherent. This information was obtained by
self-reported questionnaires.

Statistical Analysis and Assessment Criteria
The demographic and clinical characteristics of the study
population by adherence were shown as either frequencies
and percentages of total or means with standard deviations
(SD). All statistical analyses were conducted using IBM
Statistical Package of Social Science SPSS (Version
29.0.1.0). The chi-square test or Fisher’s exact test were
used to compare adherent and non-adherent patients with
regard to a nominal characteristic. To compare the two pa-
tient groups with regard to a metric characteristic, the t-test
for independent samples was used. If no statistical signifi-
cance could be demonstrated for higher-level groups (eg
recurrent PE during follow-ups, smoking status, employ-
ment status, type of DOAC last taken, start of OAC ther-
apy) no further testing for subgroups was performed. In
case of a significant result, column-wise comparisons
were performed using z-tests adjusting the significance le-
vel by the Bonferroni method. P< .05 was considered stat-
istically significant.

If information on the intake of the OAC was missing
once or inconsistently, but was subsequently continued,
it was assumed that questions on medication intake were
misunderstood and OAC was taken continuously.
Patients who already discontinued OAC before the first
follow-up after 3 months were considered as non-adherent.
If the information about the time of discontinuation was
unrealistic, the data were compared with the source data
and corrected accordingly.

Those variables reaching a P-value < .10 in any of the
bivariate analyses (DM and stroke) were selected as pre-
dictors for the multivariable logistic regression models.
Furthermore, we selected the variables age, sex, employ-
ment and education. A multivariable logistic regression
model was calculated for determining the association be-
tween predictors (independent variables) and non-
adherence (yes/no; dependent variable). We summarized
the categories for educational qualification and occupa-
tion: high school diploma or technical college entrance
qualification= higher education, medium maturity= inter-
mediate education, secondary school leaving certificate or
no degree= lower education. For the employment status
we used the categories retirement, unemployed and others.

Results
Between July 2017 and June 2023, a total of 1862 con-
secutive PE patients were screened. Out of these patients,
436 died in hospital or could not be included due to severe
language barrier, or deteriorated mental status.

Consequently, a total of 1426 eligible patients were iden-
tified. Out of these patients, 475 refused to participate in
the study or were lost before inclusion. We identified
324 patients who completed all 5 follow-up questionnaires
during the 24 months follow-up period, resulting in 1620
study visits suitable for analysis.

Socio-demographic and clinical data are shown in
Table 1. Mean age was 62.9 years (±14.3 years) with 156
(51.1%) male patients. All patients received anticoagulation
therapy during the hospital stay either with heparin (low
molecular or unfractionated) or with OAC. Regarding the
type of OAC, Apixaban (n= 144, 46.2%) was taken most
frequently followed by Rivaroxaban (n= 102, 32.7%),
Edoxaban (n= 42, 13.5%), Phenprocoumon (n= 18,
5.8%), and Dabigatran (n= 4, 1.3%). In 7.9% of the pa-
tients, the type of OAC has been changed during the 24
months follow-up and in 52 patients (16.5%) the dosage
has been reduced. Regarding the time of discontinuation
for all 324 patients, 12 patients (3.7%) canceled OAC at
3 months, 21 (6.5%) at 9 months, 54 (16.7%) at 12 months
and 23 (7.1%) at 24 months.

Non-adherence
Nineteen patients (5.9%) were considered as non-adherent,
305 patients (94.1%) were defined as adherent. In the ad-
herent group, 91 patients (29.8%) discontinued treatment
in consultation with medical staff and 214 patients
(70.2%) took OAC continuously over the 2 years
follow-up. Regarding the time of discontinuation for the
non-adherent patients, 7 patients (36.8%) canceled OAC
at 3 months, 3 (15.8) at 9 months, 4 (21.1%) at 12 months
and 5 (26.3%) at 24 months.

For the 19 non-adherent patients, information regarding
the type of anticoagulation taken is only available for 12 pa-
tients. Regarding the type of OAC which was taken by the
non-adherent patients, treatment with Rivaroxaban (n= 6,
50.0%) was discontinued most frequently followed by
Apixaban (n= 4, 33.3%), Edoxaban (n= 1, 8.3%) and
Phenprocoumon (n= 1, 8.3%).

Predictors of Non-adherence
Patients with diabetes mellitus (DM) or a history of stroke
unauthorized discontinued OAC therapy significantly
more often compared with PE patients without these co-
morbidities (P= .027 and P= .009, respectively). The
risk of discontinuation was 6 times higher for patients
with stroke (OR= 6.07, 1.58-23.36 95% CI) compared
to patients without stroke. Furthermore, patients with
DM had a 3.5 times higher risk of non-adherence com-
pared to patients without diabetes (OR= 3.46,
1.15-10.40 95% CI). Neither age nor occupational situ-
ation nor educational status showed a significant effect
on the risk of treatment discontinuation (Table 2).
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Table 1. Socio-demographic and Clinical Characteristics in PE Patients Overall and Stratified by OAC Adherence.

Characteristics
Overall
n= 324

Adherent
n= 305

Non adherent
n= 19 P-value

Age (years) 62.9 (±14.3) 62.9 (±14.5) 62.5 (±12.4) .898
Body weight (in kg)
n= 309 (adherent: n= 290, non-adherent: n= 19)

88.3 (±22.6) 88.6 (±22.9) 84.1 (±16.7) .407

BMI (kg/m2)
n= 309 (adherent: n= 290, non-adherent: n= 19)

29.6 (±7.0) 29.7 (±7.2) 28.5 (±4.5) .481

Male, n (%) 167 (51.5%) 156 (51.1%) 11 (57.9%) .568
DVT at the time of diagnosis of PE, n (%) 77 (23.8%) 73 (23.9%) 4 (21.1%) 1.00
History of surgery during follow-ups, n (%)
n= 323 (adherent: n= 304, non-adherent: n= 19)

104 (32.2%) 99 (32.6%) 5 (26.3%) .572

History of PE
Recurrent PE during follow-ups, n (%)
n= 323(adherent: n= 304, non-adherent: n= 19)

1.00

No PE 308 (95.4%) 289 (95.1%) 19 (100.0%)
With OAC 11 (3.4%) 11 (3.6%) 0 (0.0%)
Without OAC 4 (1.2%) 4 (1.3%) 0 (0.0%)
Major bleeding during follow-ups, n (%)
n= 323 (adherent: n= 304, non-adherent: n= 19)

5 (1.5%) 4 (1.3%) 1 (5.3%) .263

Comorbidities, n (%)
Cancer 46 (14.2%) 45 (14.8%) 1 (5.3%) .493
MI
n= 320 (adherent: n= 301, non-adherent: n= 19)

5 (1.6%) 4 (1.3%) 1 (5.3%) .265

Stroke
n= 320 (adherent: n= 301, non-adherent: n= 19)

19 (5.9%) 15 (5.0%) 4 (21.1%) .020

Diabetes mellitus
n= 322 (adherent: n= 303, non-adherent: n= 19)

45 (14.0%) 39 (12.9%) 6 (31.6%) .035

COPD
n= 319 (adherent: n= 300, non-adherent: n= 19)

34 (10.7%) 32 (10.7%) 2 (10.5%) 1.00

Depression
n= 319 (adherent: n= 300, non-adherent: n= 19)

45 (14.1%) 43 (14.3%) 2 (10.5%) 1.00

Chronic heart failure
n= 314 (adherent: n= 295, non-adherent: n= 19)

16 (5.1%) 16 (5.4%) 0 (0.0%) .610

Peripheral artery disease
n= 319 (adherent: n= 300, non-adherent: n= 19)

10 (3.1%) 9 (3.0%) 1 (5.3%) .464

Smoking status, n (%) .374
Never smoker 184 (56.8%) 176 (57.7%) 8 (42.1%)
Former smoker 120 (37.0%) 111 (36.4%) 9 (47.4%)
Current smoker 20 (6.2%) 18 (5.9%) 2 (10.5%)
Employment status, n (%)
n= 323 (adherent: n= 304, non-adherent: n= 19)

.238

Working full time 88 (27.2%) 81 (26.6%) 7 (36.8%)
Working part time 33 (10.2%) 33 (10.9%) 0 (0.0%)
Retirement 166 (51.4%) 158 (52.0%) 8 (42.1%)
Parental, maternity leave 2 (0.6%) 2 (0.7%) 0 (0.0%)
In education 4 (1.2%) 4 (1.3%) 0 (0.0%)
Housewife, Houseman 22 (6.8%) 19 (6.2%) 3 (15.8%)
Unemployed 8 (2.5%) 7 (2.3%) 1 (5.3%)
Education, n (%)
n= 321 (adherent: n= 302, non-adherent: n= 19)

.860

High school diploma 78 (24.3%) 72 (23.8%) 6 (31.6%)
Technical college entrance qualification 23 (7.2%) 21 (7.0%) 2 (10.5%)
Medium maturity 92 (28.7%) 87 (28.8%) 5 (26.3%)
Secondary school leaving certificate 120 (37.4%) 114 (37.7%) 6 (31.6%)
No degree 2 (0.6%) 2 (0.7%) 0 (0.0%)
Others 6 (1.9%) 6 (2.0%) 0 (0.0%)
Type of DOAC last taken, n (%)
n= 312 (adherent: n= 300, non-adherent: n= 12)

.638

(continued)
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Discussion
The aim of this study was to describe the prevalence of
OAC non-adherence and to identify factors that may pre-
dict non-adherence to OAC in survivors of acute PE.

Medication adherence is a complex process influenced
by several factors. Adherence to long-term therapy for
chronic diseases has been shown to be only around 50%
in developed countries.9 Even today, medication adher-
ence remains a problem. Systematic reviews and
meta-analyses of adherence studies from 2010 to 2020, in-
cluding 27 million patients with hypertension, showed that
the global prevalence of non-adherence to antihyperten-
sive medications ranged from 27% to 40%.17

When treating acute health problems, adherence to ther-
apy is usually higher, but in chronic diseases,
drug-adherence is described to decrease dramatically after
the first 3 months of treatment.18 Especially in OAC ther-
apy, non-adherence is reported to be a major problem, as
the lack of direct and apparent benefits from
VTE-prophylaxis may lead to a lack of motivation to con-
tinue therapy.19 In addition, long-term treatment may im-
pede drug-adherence.

In our study, 5.9% of PE patients were identified to be
non-adherent to OAC therapy over a 24-months follow-up
period. This shows a quite high adherence rate and proves
a strong level of compliance with regard to OAC therapy
2 years after PE. On the other hand, we found significant
predictors of non-adherence, such as DM and a history
of stroke. This is in so far remarkable, as patients with
these comorbidities are normally used to monitor their dis-
eases and to take medication, and they should be aware of
the long-term consequences of not taking their medication
consistently. Although the number of patients might be
small, these are the patients to focus on and monitor
much closer.

Among stroke patients, non-adherence has shown to be
associated with factors such as advanced age, male sex,
smoking status, amount of prescribed drugs per day, be-
liefs about medication and overuse, possible side effects
and health literacy scores.20‐22 About 25% of all ischemic
strokes are cardio-embolic in nature and here, atrial fibril-
lation (AF) is the most common cause.23 AF is a clinical
condition that also requires OAC therapy. In a
meta-analysis of 30 studies, up to 30% of AF patients
were non-adherent and thus, were more likely to suffer
from stroke.24 This might, at least in part, explain the
higher rate of non-adherence among stroke patients. Risk
factors for non-adherence to OAC in AF were shown to
be minority race, male sex, alcohol use, low physical

Table 1. Continued.

Characteristics
Overall
n= 324

Adherent
n= 305

Non adherent
n= 19 P-value

Apixaban 144 (46.2%) 140 (46.7%) 4 (33.3%)
Dabigatran 4 (1.3%) 4 (1.3%) 0 (0.0%)
Edoxaban 42 (13.5%) 41 (13.7%) 1 (8.3%)
Enoxaparin 1 (0.3%) 1 (0.3%) 0 (0.0%)
Rivaroxaban 102 (32.7%) 96 (32.0%) 6 (50.0%)
Phenprocoumon 18 (5.8%) 17 (5.7%) 1 (8.3%)
Tinzaparin 1 (0.3%) 1 (0.3%) 0 (0.0%)
Change of OAC, n (%)

n= 315 (adherent: n= 300, non-adherent: n= 15)
25 (7.9%) 25 (8.3%) 0 (0.0%) .618

Reduction of OAC dosage, n (%)
n= 315 (adherent: n= 300, non-adherent: n= 15)

52 (16.5%) 52 (17.3%) 0 (0.0%) .144

Data are presented as means± SD for continuous variables and as counts with percentage of total for categorical variables.
Abbreviations: BMI, Body mass index; DVT, deep vein thrombosis, PE, pulmonary embolism; DOAC, direct oral anticoagulant; OAC, oral
anticoagulation; MI, myocardial infarction.

Table 2. Association Between Characteristics (Independent
Variables) and non-Adherence (Dependent variable).
Multivariable Logistic Regression Model.

Characteristics OR 95% CI P-value

Age 1.01 [0.97; 1.06] .576
Sex=male 1.64 [0.55; 4.89] .375
Stroke 6.07 [1.58; 23.36] .009
Diabetes Mellitus 3.46 [1.15; 10.40] .027
Employment status .341

Retirement 0.65 [0.16; 2.75] .562
Unemployed 2.86 [0.28; 29.36] .377
Others 2.54 [0.45; 14.18] .289

Education .270
Mid Level 1.27 [0.35; 4.66] .720
High Level 2.67 [0.76; 9.34] .124

n= 315, adherent: n= 296, non-adherent: n= 19.
OR, odds ratio, 95%CI, 95%-confidence interval for odds ratio. sex
reference category= female, stroke reference category= no stroke,
diabetes mellitus reference category= no diabetes mellitus, employment
status reference category= full time/part time, education reference
category= low level education.
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activity or poor mental health, unmarried status, poor sleep
quality, presence of arterial hypertension, older age, for-
getfulness and medication concerns, OAC intake twice
daily and DM.7,19,25,26

Patients with DM sometimes show very poor adherence
to therapy. A recent meta-analysis of 156 studies revealed
that only 54% of patients with type 2 DM were adherent to
prescribed therapies.27 The most frequent reasons for non-
adherence are forgetfulness and fear of side effects.27 In
DM, non-adherence was associated with younger age, pos-
sibly due to the fact that older patients might be more
aware about long term consequences of chronic diseases.
Some studies indicated that women might be less adherent
than men to DM therapies.28

Possibly due to the small number of non-adherent PE
patients in our study, we were not able to find any signifi-
cant predictors of non-adherence in terms of age, gender or
other socio-economic factors.

Our study is one of very few observational cohort studies
in PE patients with a long-term follow-up and benefits from
the prospective assessment of outcomes. However, we ad-
mit that our study has also some limitations. First, adher-
ence was determined using self-reported questionnaires
and, therefore, might be confounded by a recall bias.
While this method is practical, it is susceptible to bias, par-
ticularly among patients with stroke or diabetes, who may
experience cognitive, visual, or comprehension difficulties.
This is especially relevant given that these comorbidities
emerged as significant predictors of non-adherence. It re-
mains unclear whether the observed associations reflect
true differences in behavior or misreporting due to these
challenges. Future studies should consider incorporating
other objective measures of adherence, such as pharmacy
refill records, electronic prescription data, or direct support
and monitoring by trained personnel. These approaches
could help ensure more accurate assessments and strengthen
the validity of findings related to medication adherence.
Second, we identified only very few non-adherent PE pa-
tients in our study. Due to this small sample size, it might
be difficult to reach statistical significance, and we might
have underestimated predictors of non-adherence, so that
our results should be seen as exploratory and hypothesis
generating In addition, and for the same reason, the point es-
timates resulting from the regression models showed limited
accuracy, which is reflected in wide 95% CI. A larger sam-
ple size could remedy this. Another limitation is the single
center design of the study; however, the University Hospital
Augsburg provides healthcare for a population of more than
546 500 inhabitants, whose sociodemographic characteris-
tics have been shown to be highly representative for the
German population.29

In summary, our study reports a quite high adherence
rate to OAC and proves a strong level of compliance
with regard to DOAC therapy over a 24-months follow-up
period after acute PE. Our observations are in agreement

with other studies, identifying DM and a history of stroke
as significant predictors of low adherence to OAC.
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