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Background: Dabigatran, an oral direct thrombin inhibitor, has now been available for 2 years 

in the US for the prevention of stroke in patients with nonvalvular atrial fibrillation, and direct 

Xa inhibitors are also starting to enter the market. Studies examining the effects of new oral 

anticoagulants in health care databases are beginning to emerge. The purpose of this study was 

to describe the validity of early published observational studies on the comparative safety and 

effectiveness of new oral anticoagulants in patients with atrial fibrillation.

Methods: We identified published nonrandomized post-marketing studies (articles or  conference 

abstracts or posters) and critically appraised their internal validity, with a particular focus on 

their ability to control confounding and other biases.

Results: Two full-length journal articles, three conference posters, two conference presentation 

abstracts, and a US Food and Drug Administration analysis form the basis of the early comparative 

effectiveness and safety experience with new oral anticoagulants. Some published studies exhibit 

substantial biases and have insufficient precision for several important endpoints. Several studies 

suffer from biases arising from comparing ongoing users of the older drug, warfarin, who seem 

to tolerate it, to initiators of the new treatment who may have switched from warfarin or have had 

no prior experience with anticoagulants. Analyses tended to not adjust or not adjust adequately 

for confounding, and unsound propensity score application was also observed. Several studies 

introduced selection bias by excluding patients who died during follow-up and by restricting 

the study population to those with continuous database enrollment following cohort entry. We 

describe how these deficiencies can be avoided when studying new drugs.

Conclusion: The first published post-marketing observational studies may not be sufficient 

for decision-makers to assess fully the comparative effectiveness and safety of new oral 

anticoagulants. These studies have methodologic challenges that can be avoided by using sound 

pharmacoepidemiologic design and analysis strategies.

Keywords: anticoagulation, dabigatran, rivaroxaban, warfarin, confounding, epidemiology, 

claims data, new user design, propensity score

Introduction
Optimal clinical practice and coverage decision-making require assessment of the 

effectiveness and safety of new medications relative to existing treatments as soon as 

these new drugs reach the market and as they are used in routine care.1 In a premarket-

ing randomized controlled trial, the direct thrombin inhibitor dabigatran, the first new 

oral anticoagulant to reach the market, was more efficacious than warfarin in reducing 

the risk of stroke when given at a dose of 150 mg twice daily to patients with nonval-

vular atrial fibrillation (hazard ratio 0.66; 95% confidence interval 0.53–0.82).2 There 

was no substantial difference in major bleeding rates comparing dabigatran 150 mg 
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with warfarin (hazard ratio 0.93; 95% confidence interval 

0.81–1.07). The contraindications, narrow therapeutic index 

and need for therapeutic monitoring, and risk of drug–drug 

interactions associated with warfarin make new oral anti-

coagulants appealing.3 However, it is not known how the 

effectiveness and safety of these agents compare in routine 

care settings.

Differences in baseline risks, concomitant drug use, and 

adherence patterns among patients treated in actual practice 

compared with those in randomized trials in controlled 

research environments may hinder the generalizability of 

results from randomized controlled trials to routine care 

settings. Therefore, comparative safety and effectiveness 

information using large health care databases is an important 

complement to large randomized controlled trials to under-

stand better the benefits and risks of new oral anticoagulants 

as they diffuse into the market. These ubiquitous and inex-

pensive data are collected in the routine provision of care 

and can provide the first insights into the use and outcomes 

associated with use of new drugs. There are many challenges 

to assessing the comparative effectiveness and safety of new 

drugs validly as they enter the market.4 For example, patients 

can differ with respect to baseline outcome risks and prior 

treatment patterns, and sparse data can hinder investigators’ 

ability to address these potential sources of bias. As the 

first database study results become publicly available, it is 

imperative to review the methodologic quality of the studies 

from the perspective of sound epidemiologic principles that 

can reduce bias and that should be considered in executing 

such studies.

We sought to identify and evaluate the methodologic rigor 

of early observational studies of the comparative effective-

ness and safety of new oral anticoagulants for the prevention 

of stroke in patients with atrial fibrillation.

Materials and methods
search strategy
We searched PubMed and Web of Science in April 2013 

for nonrandomized comparative studies of new oral 

anticoagulants in patients with atrial fibrillation for the pre-

vention of stroke. Databases were searched from October 

2010, ie, the date on which the first new oral anticoagu-

lant was introduced, using the keywords (“dabigatran” or 

“rivaroxaban”) and (“atrial fibrillation”) and by limiting 

searches to journal articles. In addition, we searched selected 

cardiovascular and outcomes research conference abstract 

volumes (ie, American Heart Association, American College 

of Cardiology, European Society of Cardiology, International 

Society of Pharmacoepidemiology, International Society for 

Pharmacoeconomics and Outcomes Research, and Academy 

Health). We also searched the reference list of each identified 

article and abstract to identify additional potentially relevant 

studies. The focus of this paper is on reviewing the method-

ologic rigor of early studies that health care providers and 

other decision-makers may encounter and use, rather than 

performing a comprehensive systematic review.

study evaluation
We extracted data from the methods sections of the identi-

fied studies. In particular, we abstracted information on the 

study inclusion and exclusion criteria; the study’s ability to 

balance patient characteristics between comparison groups; 

the potential for time-related biases, including immortal time 

bias,5 or violations of principles of temporality, including 

adjustment for intermediate factors during follow-up;6 and 

the likelihood of exposure and outcome misclassification.7 

The authors used their pharmacoepidemiologic expertise 

to interpret these methodologic aspects of each study and 

summarized them in a nonsystematic way. The focus of this 

paper is on methodologic considerations; we did not intend 

to synthesize the findings of the individual studies in a meta-

analysis. Each study is discussed with an attempt to identify 

generalizable conclusions for conducting future health care 

database evaluations of new drugs.

Results
We identified three poster presentations and two abstracts 

from podium presentations at scientific conferences, two 

full-length articles, and a report from the US Food and Drug 

Administration (FDA) using data from the Mini-Sentinel 

project (Table 1). All are cohort studies based on admin-

istrative health care utilization data, although some studies 

do not specify the particular data source used8 or the source 

population.8,9

Conference presentations
The poster presentations suffered from major avoidable 

methodologic shortcomings that compromised their validity. 

The two studies presented at the podium appear to have used 

more methodologically sound approaches.

selection bias
In three studies, the cohort was restricted to patients con-

tinuously enrolled throughout the study period.8,10,11 Such a 

requirement restricts the study population to those patients 

who do not die during study follow-up. This causes selection 
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bias if a treatment is associated with an increased or decreased 

risk of fatal events, since those who have a fatal drug-induced 

event are excluded from the analysis.12

Confounding bias
None of the poster presentations made adjustments for base-

line differences in patient characteristics (eg, age, sex, prior 

events, cardiovascular risk factors, anticoagulant treatment 

history), making confounding bias likely. This potential threat 

to study validity is highest in studies that mixed prevalent 

and new users.

Prevalent versus new users
The studies presented as posters included both prevalent and 

incident users, which likely worsens the confounding bias and 

may affect measures of adherence. Long-time warfarin users 

who enter a study cohort are less likely to switch treatment 

if they have been managed successfully on warfarin in the 

past. Such a “survivor cohort” will more likely select patients 

who do well on their current treatment (Figure 1). Users of 

newly marketed agents are more likely to be starting that 

treatment, with a higher probability of treatment switches 

and treatment failure due to a lack of tolerability shortly after 

starting the new treatment. As discussed below, this can be 

avoided by limiting the study to new users.13–15 Both studies 

available as presentation abstracts focused exclusively on 

new users.11,16

Differential follow-up
A study comparing dabigatran with rivaroxaban considered 

outcomes that occurred between the first filling of an anti-

coagulant and the end of follow-up (late 2012), and reported 

them as risks or cumulative incidences (ie, number of events/

number of subjects).10 However, dabigatran was approved by 

Table 1 summary of study characteristics

Study Source Time period Exposure groups Follow-up Outcomes

Conference posters
nanchanatt  
et al10

horizon Blue  
Cross Blue shield  
of new Jersey

January 2010 to  
December 2012

Dabigatran (n = 4,316)  
Rivaroxaban (n = 1,276)

Not specified gastrointestinal bleed; stroke;  
intracranial hemorrhage;  
adherence

Trask et al9 Medicaid February 2011 to  
september 2012

Dabigatran (n = 42) One year systemic embolic events; adverse  
events; hospitalizations; adherence

Washington  
et al8

health plan (not  
further specified)

november 2011  
to October 2012

Dabigatran (n = 6,766)  
Rivaroxaban (n = 1,870) 
Warfarin (n = 54,494)

Not specified stroke or systemic embolism;  
pulmonary embolism;  
gastrointestinal bleed; intracranial  
hemorrhage; cost

Conference presentations
Thelus et al16 Military health  

care system
november 2010  
to May 2012

Dabigatran (n = 14,297) 
Warfarin (n = 33,548)

One year gastrointestinal bleed; myocardial  
infarction; ischemic stroke;  
intracranial hemorrhage

Charland  
et al11

Claims database  
(not specified)

January 2010 to  
February 2011

Dabigatran (n = 1,090)  
Warfarin (n = 7,072)

4 months stroke or systemic embolism;  
bleeding hospitalizations

Full-length articles
larsen et al19 Danish nationwide  

registries
august 2011 to  
December 2012

Dabigatran (n = 4,978)  
Warfarin (n = 8,936)

10.5 months  
(median)

Primary: stroke, systemic  
embolism, or intracranial bleeds  
secondary: death, gastrointestinal  
bleed, traumatic intracranial bleed  
or major bleed  
Other: myocardial infarction,  
pulmonary embolism,  
hospitalization for any cause

sorensen  
et al18

Danish nationwide  
registries

august 2011 to  
December 2011

Dabigatran (n = 2,726)  
Vitamin K antagonists  
(n = 49,640)

#4 months Thromboembolic events; bleeds

Mini-Sentinel
Mini-sentinel25 Mini-sentinel  

Distributed  
Database (specific  
databases not  
specified)

October 2010 to  
December 2011

Dabigatran (up to n = 24,916  
depending on analysis) 
Warfarin (up to n = 120,977  
depending on analysis)

Up to a mean  
of 109 days  
depending  
on analysis

gastrointestinal bleed;  
intracerebral hemorrhage
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the FDA in October 2010, whereas rivaroxaban was approved 

in November 2012. With a 2010 study start, follow-up for 

dabigatran users will on average be longer than for rivaroxa-

ban users, which will allow more total cases to accrue with 

the treatment that has been available for longer, even if they 

occur at the same rate in both groups. This can be avoided 

by reporting incidence rates and rate ratios rather than risks 

and risk ratios.17 The earlier availability and longer follow-up 

time of dabigatran also results in an increased opportunity for 

treatment switches compared with more recently introduced 

treatments, which may further bias an analysis that simply 

carries forward the first exposure without considering dif-

ferential follow-up time.10

Mixed indication
One study identified subjects by medication use and included 

all indications, ie, atrial fibrillation as well as prophylaxis of 

venous thromboembolism.8 Depending on the distribution of 

indications, results may vary and make interpretation and 

comparison with other studies difficult.

Full-length articles
We identified two published cohort studies based on longi-

tudinal, linked Danish registry data.18,19 Both used clearly 

defined populations and focused on incident events consider-

ing person–time denominators. The study by Sorensen et al 

analyzed a brief period of data during the very early mar-

keting phase of dabigatran between August 22, 2011 and 

December 31, 2011.18 The study illustrates the pitfalls of 

comparing ongoing users of an older drug with new users 

of or switchers to a new drug in nonrandomized studies. 

Of warfarin-exposed patients included in the analysis, 92% 

had used warfarin prior to the start of follow-up and did 

not see a reason to change their treatment (prevalent users). 

However, among dabigatran users, only 31% had previously 

used warfarin while 69% started an oral anticoagulant for 

the first time. Consistent with the bias expected from such 

an approach, the results showed a substantial increase in 

the risk of embolic events among those previously treated 

with warfarin as compared with those who were naïve to 

anticoagulants. The authors acknowledged that multiple 

unrecorded and therefore unadjusted patient risk factors may 

have triggered switching from warfarin to dabigatran,1 and 

more importantly, the absence of complications promotes 

continued warfarin use. The authors conducted a subgroup 

analysis in which they limited the study population to new 

users of either dabigatran or warfarin. As expected, the 

associations changed substantially in the direction suggested 

by randomized trial evidence. The problem of comparing 

prevalent users with switchers without randomization is 

well described, for example, in the rheumatology literature 

(ongoing methotrexate users versus those switching to 

biologic disease-modifying antirheumatic drugs).20 Such 

studies are well intentioned and try to answer a clinically 

relevant question, but randomization is usually necessary to 

obtain valid estimates when focusing on patients who are not 

treatment-naïve. It is widely acknowledged that comparing 

new users of one agent with new users of the comparator 

agent can substantially reduce such bias in nonrandomized 

studies.7,13,14 Finally, the follow-up time in this study was 
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short (up to 4 months), making it difficult to study ischemic 

events that are less frequent and may be affected by antico-

agulation treatment only after several months.

The second Danish study by Larsen et al suffers from an 

ill-implemented propensity score (PS) analysis.19 The goal 

of a PS analysis is to estimate the probability of choosing 

between treatment A and treatment B conditional on all 

observed patient characteristics and then to compare treat-

ment groups by conditioning on this probability, ie, make 

them similar in terms of all predictors that influence treat-

ment choice. In this study, two unconventional decisions 

were made. First, the study contrast was between historical 

warfarin users (2009–2010) and current dabigatran users 

(2010–2011), but the PS was estimated between current 

warfarin users (2010–2011) and current dabigatran users. The 

PS was thus estimated in a population different from that to 

which it was applied, which is inconsistent with the theory of 

PS analyses.21 Estimating a PS in one population and using 

it to control confounding in a separate population does not 

guarantee that, on average, variables used to estimate the PS 

will be balanced between the two treatment groups. Second, 

an important advantage of PS analyses is that they can eas-

ily enable investigators to avoid comparing patients who are 

dissimilar. This can be achieved by trimming on the PS, ie, 

by excluding patients in one group who have a PS value that 

is larger (or smaller) than that of any patients in the com-

parison group,22 or by matching within a defined caliper.21 

If a patient cannot find a subject from the comparison group 

with a PS value within that caliper, then that patient will be 

excluded. However, in the analysis by Larsen et al, no caliper 

was defined and all patients were matched, suggesting that at 

least several patients were matched to those with quite dif-

ferent characteristics, leading to residual confounding within 

matched sets. After matching, substantial differences per-

sisted in important patient characteristics, and the resulting 

adjusted point estimates were quite similar to the unadjusted 

estimates, suggesting that either there was no confounding 

in the first place (which is unlikely) or that confounding was 

not adequately adjusted (more likely).

Both Danish studies used only hospital discharge diagno-

ses to assess patient comorbidities because outpatient diag-

noses are not available in the Danish registries. As a result, 

patients who had not been hospitalized did not contribute any 

diagnoses and likely appeared healthier, even though they 

might have had chronic conditions. If prior hospitalization is 

a determinant of whether patients get one drug over another, 

then this can lead to differential confounder misclassification 

and bias.

analysis of Mini-sentinel data by the FDa
Mini-Sentinel is a pilot program sponsored by the FDA and 

aims to develop an operational framework, data infrastruc-

ture, and methods to perform active monitoring of FDA-

regulated medical products.23 The Mini-Sentinel Distributed 

Database comprises more than a dozen electronic health care 

databases that cover a total of more than 120 million lives.24 

Each data partner converts its data into a common format 

against which standardized queries can be run.

The FDA used this system to analyze several scenarios 

and to estimate rates of gastrointestinal bleeding and 

intracerebral hemorrhage among initiators of dabigatran or 

warfarin.25 Scenarios varied the drug of interest (dabigatran 

or warfarin), new user definition (whether patients had to be 

naïve to warfarin, dabigatran, or both), and duration of the 

washout period for defining new user status. The results for 

each scenario were presented as rates of the outcomes of 

interest during the first treatment episode. Follow-up times 

among new users were largely comparable between treatment 

groups. Rates were stratified by age groups, but no explicit 

direct comparisons between dabigatran and warfarin were 

made within strata. The results enable readers to compare 

event rates between initiators of each drug, either overall 

or within age strata. However, because these rates are not 

adjusted except for age stratification, comparisons may likely 

be confounded.26

Precision of current studies
One study used a total of 42 Medicaid patients with a 

pharmacy claim for dabigatran to evaluate tolerability and 

treatment adherence in a real-world setting.9 The authors did 

not report a measure of precision, such as a 95% confidence 

interval, which would have been extremely wide and would 

have highlighted the substantial uncertainty of the results 

due to chance.

Even the larger studies from Denmark lacked substantial 

statistical power for certain outcomes. The Sorensen study 

included 1,114 patients exposed to dabigatran 150 mg and 

49,640 exposed to warfarin, but only 765 and 4,237 patients 

were initiating treatment. Among anticoagulant-naïve 

patients, only 12 thromboembolic events occurred in 

initiators of dabigatran 150 mg. The Larsen study included 

2,739 initiators of dabigatran 150 mg and 8,936 warfarin 

initiators in the main analysis. While the numbers of strokes 

and deaths permitted fairly precise effect estimation, the 

precision of effect estimates for other outcomes, including 

systemic embolism and intracranial bleeding, was limited. 

The studies using US databases had more subjects enrolled. 
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Still, wide confidence intervals and short follow-up may 

require combing several databases.

Discussion
The early evidence on the comparative safety and effective-

ness of new oral anticoagulants includes several presentations 

at scientific conferences, two full-length journal articles, and 

a report using the Mini-Sentinel data environment. Many 

of these contributions suffer from avoidable methodologic 

shortcomings. Careful consideration of potential biases is 

needed when interpreting data from these studies to inform 

decision-making.4

To guide patients, clinicians, and other decision-makers 

correctly, it is essential to adhere to sound study design and 

analytic choices when generating early evidence on the 

comparative safety and effectiveness of new medications in 

routine care. Fundamental choices that will help to mitigate 

confounding and other biases in the conduct of nonrandom-

ized studies have been well described in the pharmacoepi-

demiologic literature.27 These design and analytic choices 

apply equally to studies comparing new oral anticoagulants 

with warfarin and studies directly comparing new oral 

anticoagulants with each other.

The new user design offers a number of crucial advan-

tages in database studies, which outweigh the loss of pre-

cision by excluding prevalent users. Restricting the study 

population to new users of the drug of interest and new 

users of a comparator agent implicitly ensures that both 

groups were recently evaluated by a physician who decided 

that the underlying condition had reached a state where a 

pharmacologic treatment should be initiated.15 Therefore, 

such patients are likely to be more similar in observable and 

unobservable characteristics than when comparing incident 

users versus nonusers or versus ongoing users of another 

drug. The clear temporal sequence in an incident user design 

ensures baseline covariates at study entry are assessed before 

treatment initiation and not affected by the treatment itself.17 

Identifying two active treatment groups further reduces the 

chances of immortal time bias, a mistake that most fre-

quently emerges if future records are used to define earlier 

exposure status in health care databases, particularly when 

defining a “nonuser” comparison group.5 Because of the 

well defined starting point of inception cohorts, it is possible 

to assess whether and in what form hazards vary over time 

by stratifying on duration of treatment. A new-user design 

avoids under-ascertainment of events occurring soon after 

therapy begins,13 which is particularly useful when study-

ing newly marketed drugs. It avoids comparing populations 

predominantly composed of first-time users of a newly 

marketed drug with a population predominantly composed 

of prevalent users of the old drug.28

Confounding is a particular threat to the validity of 

observational studies, especially when comparing initiators 

of a new drug with initiators of a more established therapy. 

Electronic health care databases often include information on 

many potential confounders or proxies for them.29 Propensity 

score analysis has emerged as a convenient and effective tool 

for adjusting large numbers of confounders, especially when 

outcomes are rare.30 When implemented correctly, the approach 

ensures that the comparisons are made between patients who 

are homogeneous in terms of measured sociodemographics, 

health care utilization characteristics, and medical history, 

including proxies for treatment indication. In an incident user 

cohort design, a PS is the estimated probability of starting 

one medication versus another, conditional on all observed 

pretreatment patient characteristics. It has been shown that the 

estimated PS is better than the true PS for confounding control, 

assuming the correct PS model is known.23,31 

Estimating the PS using logistic regression is straightfor-

ward, and strategies for variable selection are well described.32 

Once estimated, there are several options to utilize the PS 

in a second step to adjust confounding, including stratifica-

tion based on quantiles of the score, regression modeling 

including the PS, or matching on the PS.33 It is essential to 

exclude patients in the extreme PS ranges where there is little 

clinical ambivalence in treatment choice.22 These tails of the 

PS distribution often harbor extreme patient scenarios that 

are not representative of the majority of patients in clini-

cal practice, and keeping them in the analyses may lead to 

less clinically relevant findings.34,35 Exclusion of patients in 

areas of nonoverlap of the PS can be accomplished through 

matching with an appropriately tight caliper or PS adjustment 

after symmetric or asymmetric trimming. In situations where 

exposure is rare, such as in the very early marketing period, 

disease risk scores estimated in a recent historical population 

offer a useful alternative or complementary approach.36–38 

While PSs address only measured confounders, instrumental 

variable approaches can produce unbiased effect estimates 

even in the presence of unmeasured confounders if several 

assumptions are fulfilled.39 Calendar time has recently been 

proposed as an instrumental variable for comparative safety 

and effectiveness studies,40 and may be particularly useful 

in the early  marketing period. However, further work is 

needed to evaluate the performance and utility of instru-

mental variable approaches in this setting, which can be 

characterized by relatively small numbers of patients exposed 
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to the new drug(s) and changes in the characteristics of the 

patients using them over time.

In routine care, patients change or discontinue treatment 

at high rates because they lack a noticeable treatment effect 

or experience early signs of a side effect.41 The stronger the 

association between such nonadherence and the outcome, 

the more an as-treated analysis, which censors at the point of 

treatment discontinuation, will be biased due to informative 

censoring.14 An alternative approach, sometimes called the 

intention-to-treat approach, follows all patients for a fixed 

time period, carrying forward the initial exposure status and 

disregarding any changes in treatment status over time. Such 

an analysis will suffer bias as a consequence of exposure mis-

classification, which increases with a longer follow-up period 

and a shorter average time to discontinuation. In most but 

not all cases, such misclassification will bias effects towards 

the null, similar to intention-to-treat analyses in randomized 

trials.14 Viewed separately, as-treated and intention-to-treat 

analyses trade different biases, but together give a range of 

plausible effect estimates.15

A challenge with the use of administrative data is the 

potential for misclassification of the outcome. Nondifferential 

and independent misclassification of the outcome tends to 

bias the effect estimates towards the null. However, relative 

measures of effect are expected to be unbiased if the speci-

ficity of the disease classification is near perfect and the 

sensitivity is the same among exposure groups. This can 

be achieved by using an outcome definition with a high posi-

tive predictive value.42

Database studies are also vulnerable to time-related biases 

since studies are generally implemented in retrospectively 

collected data. By designing and analyzing the observational 

study as if it were a randomized controlled trial, but without 

the randomization, investigators can avoid conditioning on 

factors that occur during follow-up. For example, including 

all patients in the analysis who are eligible for the cohort 

based on information available only at the time of cohort 

entry avoids this selection bias.

Shortly after a new drug enters the market, studies will 

tend to observe few exposed events. It is important to calcu-

late and present confidence limits around the point estimate 

to provide insight into the uncertainty of the findings due 

to random error. Studies with extremely wide confidence 

intervals require very cautious and tentative interpretation, 

particularly in light of other potential biases, which are not 

incorporated in the confidence intervals. Ideally, an effort 

would be made to continuously grow balanced cohorts of new 

users as data refresh and become more plentiful.1,43,44

Conclusion
Overall, the review of the first set of studies analyzing new 

oral anticoagulants with health care utilization databases 

showed varying quality. Some design choices likely lead to 

substantial biases, but most of the mistakes are avoidable by 

following the standard recommendations for the conduct of 

pharmacoepidemiologic studies using health care databases. 

Despite the availability of large health care databases, there 

was still a lack of precision for most major endpoints at this 

stage. Monitoring systems that will update multivariable 

adjusted point estimates using sequential new-user cohort 

designs may lead the way forward. Taking the results of 

many of the published results at face value may lead to wrong 

conclusions, whether overly optimistic or pessimistic, about 

new oral anticoagulants.
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