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ABSTRACT
Thromboembolic events are a common risk in adults with atrial �brillation, those with 
previous cerebrovascular accidents and undergoing emergency or elective surgeries. 
The widespread availability of antithrombotic agents and differing guidelines contribute 
to practice variations and increased risk of complications and deaths. The objective of 
this review was to investigate the extent of overuse and underuse of antithrombotics for 
primary or secondary prevention as measured by deviation from prescribing guideline 
recommendations. We conducted a systematic review of Medline and EMBASE for 
quantitative articles published between 2000 and 2021 and used a modi�ed version of 
the Hoy�s risk of bias assessment tool. Here we report evidence from the past decade 
about wide practice variations in hospitals and primary care, and discuss clinician and 
patient-driven determinants of non-adherence to guidelines. Finally, we summarise 
implications for practice, identify enhanced ways of measuring overuse and underuse, 
and propose potential solutions to the measurement challenges.
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INTRODUCTION
Overdiagnosis [1] and overtreatment, low-value care [2], and unnecessary medical care [3] 
have been increasingly recognised in the medical literature [4] in recent years. These terms refer 
to the administration of a test, treatment or procedure when the consequences of doing so are 
not warranted, the treatment does not clearly bene�t the patient [5], generates unsustainable 
healthcare costs, decreases healthcare quality, potentially induces demand, or deviates 
from and exceeds guideline recommendations without a clinically justi�ed explanation [6]. 
Conversely, underuse denotes the lack of testing or provision of an effective treatment when 
clinically indicated [7]. Both overuse and underuse can potentially cause unintended harm.

The concepts of antithrombotic (oral and injectable anticoagulants, and antiplatelets) overuse 
and underuse � de�ned later in the methods section � have previously been debated and 
remain controversial [8, 9] and investigated in primary studies of individual medications and 
speci�c conditions across settings [10, 11]. Thromboembolic events are prevalent in adults with 
atrial �brillation (AF), those with previous cerebrovascular accidents and patients undergoing 
emergency or elective surgeries. The wider availability of antithrombotic agents and multiple 
updates of guidelines contribute to practice variations that can increase complications 
and deaths. However, to our knowledge there are no systematic syntheses of deviation 
from guidelines on antithrombotic use. This may partly be due to the diversity of available 
medications, accepted practices across countries, and discretionary exemptions to indications. 
While it is acknowledged that clinical guidelines do not �t all purposes or cover all situations 
or patient types, they are designed to play a role in minimising practice variation [12] and 
supporting high standards of quality care by updating recommendations as  evidence becomes 
available [13]. The objective of this review was to investigate the extent of contemporary 
overuse and underuse of antithrombotics for primary or secondary prevention as measured by 
deviation from prescribing guideline recommendations. 

METHODS
This review follows the reporting recommendations of PRISMA 2020 [14]. As our intention 
was to draw a population-wide pro�le of the extent of the problem, our focus was groups of 
medications for single or multiple conditions, and single medications for groups of conditions. 
We chose guideline adherence to clinical guidelines as a proxy measure of overuse and underuse 
in this study due to the international acceptance by health organisations that they provide 
best available information to guide good quality of care and prevent harmful interventions 
[15]. This manuscript is a sub-study of an umbrella project examining population-wide overuse 
and underuse of prescribing for cardiovascular diseases whose protocol was not registered. 
Estimates of overuse and underuse of anti-hypertensive and cholesterol-lowering medications 
will be reported elsewhere. 

INCLUSION CRITERIA

The target population (P) was adult patients in any setting (e.g. hospital, primary care, or 
community). Eligible interventions (I) were prescribing or deprescribing of antithrombotics (i.e. 
anticoagulants or antiplatelet agents) administered by any route for primary or secondary 
prevention of either thromboembolic events or management of bleeding complications. 
Comparators (C) were not always included as included studies were trials and beyond. Outcome 
(O) of interest was objectively measured adherence against explicitly stated and referenced 
guidelines whether international, national or regional. Articles were eligible if they reported at 
least one of the indicators (overuse or underuse) where objective outcomes were measured in 
quanti�able ways. In intervention studies that aimed to increase guideline adherence, we did 
not limit to those who used STOPP/START criteria but accepted any method of investigating the 
outcome in relation to the guideline, and only reported baseline outcome data that re�ected 
usual practice. Eligible quantitative study (S) designs included: retrospective record reviews, 
prospective cohorts, interventional studies whether samples were randomly assigned or not, 
time series, before-after studies, cross-sectional surveys or audits, and secondary analyses of 
disease registries.   
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EXCLUSION CRITERIA

Excluded were articles using a guideline non-adherence de�nition which combined both overuse 
and underuse in a single estimate; having self-reported measures (e.g. clinician surveys of 
perceived guideline adherence, patient- reported doctor recommendations); failing to mention 
reference guideline or using internally developed but unpublished guideline. Conference 
abstracts without suf�cient information to assess risk of bias, case studies, study protocols 
without data, qualitative consultations of perceived inappropriateness, commentaries, and 
editorial pieces were ineligible.   

SEARCH STRATEGY

Our search strategy targeted published English language literature from Medline and EMBASE 
databases from January 2000 to May 2021 to re�ect recent and current practice involving new 
generation oral anticoagulants. The umbrella search strategy included the terms �guideline,� 
�adherence� and  �prescribing� among others (details in Supplement 1, Table S1.1), was designed 
jointly by the team based on clinical experience, and subsequently re�ned by our information 
specialist JC using polyglot tool [16], word frequency counter, and de-duplicator from the 
internally developed and tested systematic review accelerator [17].

SCREENING AND DATA EXTRACTION

Subsets of title, abstract and full text screening was conducted by paired authors independently 
(LC, MC, OB, LH, MO, TH) with discordances resolved by discussion using the disputatron tool [17]. 
A purpose-built data extraction template including author, publication year, country, sample 
size, study design, setting, target conditions/guideline topic, and study population was used. 
Estimates of overuse and underuse were extracted by paired authors (LC, MC, LH, OB) either 
from the text or tables, and the accuracy of data extraction double checked and con�rmed by 
the statistician (MJ) who subsequently built forest plots. Drivers of overuse and underuse as 
well as potential solutions were extracted by the lead author (MC) from the discussion sections 
of eligible papers to enhance the context of our discussion.  

OUTCOME DEFINITIONS 

Our primary outcome was the estimate of percentage overuse or underuse or equivalent terms 
(excess, under-adherence, underutilisation, overprescribing, non-compliance -if stated the 
direction, etc). Overuse was de�ned as follows: prescribing when not clinically indicated (e.g., 
CHADS2 score = 0), excess dose/duration, or inappropriate or unnecessary administration route 
(e.g., IV or subcutaneous medication when an oral alternative would have suf�ced). Underuse 
was de�ned as non-prescribing when recommended by the guideline such as CHADS2 score � 
2, or lower than recommended dose or shorter duration according to the guidelines used as 
gold standard. Outcomes were expressed as a percentage of patients managed with or without 
anti-thrombotics out of eligible patients for prescribing or non-prescribing.

DATA SYNTHESIS 

Estimates of overuse and underuse are presented, where possible, as reported by the 
published authors, predominantly as mean percentages with 95% con�dence intervals. When 
this information was not reported but absolute numbers for numerators and denominators 
were presented in the text or tables, we calculated mean percentages with 95% con�dence 
intervals. If the study included an intervention, only pre-intervention data were reported. Given 
the heterogeneity of study designs, populations, guidelines and outcome measurements, 
subgroup analysis by setting, region or clinical indication was limited to narrative description. 
No attempt was made to impute missing data or conduct sensitivity analyses. Forest plots were 
produced separately for overuse and underuse for ease of visualization, but no meta-analysis 
was undertaken. Reported �ndings followed the synthesis without meta-analysis guideline [18].  

RISK OF BIAS

Given the anticipated inclusion of trials, cross-sectional and cohort studies, risk of bias was 
based on  Hoy�s published 10-item tool for assessing prevalence studies [19]. We modi�ed 
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the version by using the checklist with the exception of items 5 and 9 which were not directly 
relevant to our research question. 

Paired reviewers (LC, MC, OB, LH, MO) independently assessed each study completing the 
template with six key questions for all eligible study designs (Supplement 1, Table S1.2). Two 
senior authors (TH, MC) assisted in resolving risk of bias discrepancies. Trained academics 
not members of the overuse research team (LA, MB, EL in acknowledgment) also assisted 
occasionally in the resolution of risk of bias if agreement could not be achieved and senior 
reviewers were unavailable. 

RESULTS
STUDY SELECTION

Twenty-one contemporary studies (published between 2008 and 2021) met the inclusion 
criteria. They were conducted in 14 countries across four continents (Europe/UK, n = 11, North 
America, n = 5, Australia n = 3, and Asia, n = 2) and involved a total of 167,287 participants. 
Figure 1, the PRISMA diagram shows details of the selection process). 

STUDY CHARACTERISTICS

Study designs included 14 retrospective record reviews [20�33], 6 cohort studies [34�39] and 1 a 
case-control [40] (see Table 1). Four studies focused on overuse, 5on underuse, and 12 on both. 
Information derived predominantly (n = 18) from hospitalized patients or disease registries, 
with only three studies in primary care. The clinical context included preventive use in atrial 
�brillation (AF, n = 8), perioperative bridging (n = 5) and treatment of various conditions (stroke, 
venous thrombosis, myocardial infarction, excess anticoagulation, trauma management; n = 8). 

RISK OF BIAS ASSESSMENT

Across the studies, risk of bias was generally low in terms of the inclusion criteria matching the 
guideline�s target population, provision of a clear and acceptable case de�nition, and objective 
data extraction methods (Figure 2).

Figure 1 PRISMA diagram for 
selection of eligible studies.
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However, in some studies, there was a high risk of selection bias from use of either convenience 
sub-samples, or unclearly presented selection methods where not all potentially eligible 
patients were included, incomplete response or �nal outcome ascertainment of >20%, and 
non-inclusion of full census, consecutive patients, or random subject selection. Six studies did 
not report the extent of missing follow-up data. No selective reporting was observed as most 
studies measured a single primary outcome.

SYNTHESIS OF RESULTS
OVERUSE ESTIMATES

Large variation in the rates of antithrombotic overuse was observed across geographic regions 
with studies from Asia reporting the lowest levels of overuse (1.3�7.6%) [27, 33], followed 
by Australia (24.1�42.9%) [20, 23�24], and Europe (1.4�72.0%) [21, 25, 28�30, 33, 36�40],  
through to the highest variation in North America (6.6�73.0%) [26, 31�32, 34�35]. No clear 
time trend of increasing or decreasing overuse was observed over the period of the studies 
(2008�2020). Estimates in 10 (of 17) studies had narrow con�dence intervals due to moderate 
to large sample sizes (Figure 3).

Figure 2 Risk of bias across the 
included studies (N = 21).

Figure 3 Estimates of 
overuse of antithrombotic 
interventions across clinical 
settings (N = 17 studies).






















