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Introduction

Venous and arterial thromboses are leading causes of 
morbidity, mortality and disability worldwide (1). The 
prevention and management of thrombotic disorders 

is  achieved through the use of anticoagulant and 

antithrombotic drugs (2), including heparins (both 

unfractionated or low molecular weight heparin), vitamin 

K antagonists (VKAs; namely warfarin), as well as more 
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Background: Prevention and management of thrombotic disorders is achieved through the use of 
anticoagulant drugs, including heparins, vitamin K antagonists (VKAs; namely warfarin) and the more 
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“warfarin” AND “dabigatran” AND “rivaroxaban” AND “apixaban” AND “edoxaban”. No language or 
geographical restrictions were applied, but the electronic search was limited to the past 30 days from the 
current search date (i.e., between October 5, 2018 and November 5, 2018).
Results: Overall, warfarin (55.0%) yielded the largest number of Google searches among the five oral 
anticoagulants throughout the study period, followed by apixaban (22.5%), rivaroxaban (18.3%), edoxaban 
(4.1%) and dabigatran (0.1%). Thus, warfarin remains the predominantly searched anticoagulant agent 
around the world. Compared to other oral anticoagulant drugs, rivaroxaban was more popular in China and 
in some South-American countries, apixaban was especially popular in some North-European and Latin 
American countries, whilst edoxaban and dabigatran were not often searched for in any country worldwide.
Conclusions: According to our analysis, warfarin remains currently the most popular oral anticoagulant 
agent around the globe, rivaroxaban and apixaban are the second and third most popular, whilst the 
popularity of dabigatran, the original DOAC to be released, appears now very limited, and edoxaban, being 
the latest DOAC to be released, is starting to emerge in relevance.
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recently developed agents, currently defined as direct oral 
anticoagulants (DOACs) (3). This name originates from 
the direct mechanism of action, with these drugs being 
designed to selectively inhibit thrombin (or activated 
factor II; i.e., dabigatran) or activated factor X (FXa; i.e., 
rivaroxaban, apixaban and edoxaban). Beside the specific 
biological activity, these innovative agents differ in many 
other ways from heparins and VKAs. Unlike heparins, 
DOACs are orally administered, and thus represent a 
more comfortable and potentially more compliant means 
for long-term prevention and treatment of thrombosis. 
Unlike warfarin, they are characterized by a much more 
predictable pharmacokinetic response in vivo, which would 
make laboratory monitoring less important, albeit not 
always unnecessary, as compared to the more conventional 
VKAs (4,5). Reliable data also suggests that the overall 
antithrombotic potential of DOACs is globally comparable 
to that of heparins and VKAs, whilst the risk of major and 
minor bleeding seems substantially lower (6). Altogether, 
these findings suggest that DOACs will soon become 
the standard of care for prevention and management of 
nearly all major thrombotic diseases, thus including atrial 
fibrillation, ischemic heart and cerebrovascular diseases, 
peripheral arterial occlusive disease (PAOD) and venous 
thromboembolism, among others (7,8). Nevertheless, VKAs 
and heparins will likely still have a place in treatment and 
prevention of thrombosis in selected clinical situations for 
the foreseeable future.

Google Trends (Google Inc. Mountain View, CA, USA) 
is a freely available web resource aimed at summarizing the 

overall number of Google searches over time and across 
different geographical settings. Thus, the output of Google 
Trends analysis for a given search terms directly reflects 
the volume of Google searched for that same term (9).  
Increasing evidence suggests that analyses of Google 
Trends may be reliably used for estimating the worldwide 
or local popularity—in terms of Google searches—of many 
pathological conditions and drug usage, thus leading the 
way to promote the dissemination of the so-called digital 
epidemiology (10). 

A previous study, published over a year ago, showed 
that the popularity of DOACs searched in Google had 
considerably increased during the past decade, especially 
in certain parts of the world (11). Therefore, this study was 
aimed at using Google Trends to provide an update analysis 
or ‘snapshot’ of the current worldwide popularity of the 
commercially available oral anticoagulant agents.

Methods

An electronic search was carried in Google Trends, 
simultaneously using the search terms “warfarin” AND 
“dabigatran” AND “rivaroxaban” AND “apixaban” AND 
“edoxaban”. No language or geographical restrictions were 
applied, but the electronic search was limited to the past  
30 days from the current search date (i.e., between October 
5, 2018 and November 5, 2018) to enable this ‘snapshot’ 
of current popularity. According to the Google Trends 
algorithm, data were cumulatively arranged according to 
the relative peak of Google searches, where a value of 100 
reflects the highest peak, a value of 50 signifies that the 
search term had half popularity compared to the peak of 
searches, and a value of 0 implies that the term was only 
searched <1% fold than the number of peak searches. The 
study was carried out in accordance with the Declaration of 
Helsinki and under the terms of relevant local legislation.

Results

The results of the Google Trends search are shown in 
Figure 1. Overall, warfarin (55.0%) received the largest  
number of  Google  searches  among the f ive  ora l 
anticoagulants throughout the study period. This was 
followed by apixaban (22.5%) and rivaroxaban (18.3%). A 
much lower number of Google searches was identified for 
edoxaban (4.1%), whilst the number of Google searches for 
dabigatran was minimal (0.1%) compared to those of the 

Figure 1 Results of worldwide Google searches for DOACs. 
DOACs, direct oral anticoagulants. 
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other drugs. The geographical distribution of the worldwide 
Google searches is shown in Figure 2 and basically reflects 
previously presented popularity data. Briefly, warfarin 
remains the predominantly searched oral anticoagulant agent 
around the world. Rivaroxaban was more popular in China 
and in some South-American countries, whilst apixaban 
was especially popular in some North-European and Latin 
American countries. In contrast, edoxaban and dabigatran 
did not currently appear to be popular drugs in any country 
worldwide. The geographical distribution of the worldwide 
Google searches for warfarin, apixaban, rivaroxaban and 
edoxaban is shown in Figure 3. Notably, the number of 
Google searches for dabigatran was so low that Google 
Trends failed to provide any geographical information. The 
15-top areas with the highest Google searches for each oral 
anticoagulant drug (except dabigatran, for which insufficient 
searches were available) is shown in Table 1.

Discussion

The use of oral anticoagulant/antithrombotic therapy 
remains a mainstay in prevention and management of 
many arterial and venous thromboembolic diseases, and 
will likely do so for the foreseeable future. The differential 
use of these drugs has, however, undergone a remarkable 

revolution in the past decade, in particular after the new 
agents, conventionally called DOACs, have been gradually 
introduced into clinical practice. These have several 
advantages to the more conventional coumarin derivatives 
(i.e., the VKAs), which have been previously emphasized, 
and anticipate a brilliant marketing future for DOACs, with 
many more patients to be shifted to short- and long-term 
usage of these drugs.

However, this hypothetical scenario has yet to be fully 
played out, since the results of our update analysis on oral 
anticoagulant treatments reveal that the popularity of 
warfarin still remains particularly high around the world, 
and being cumulatively higher than that of all DOACs 
altogether. As shown in Figure 2 and Table 1, the popularity 
of Warfarin also remains globally widespread, with a 
presence in many countries worldwide. Of interest, VKAs 
represent the oldest, and thus the least expensive of oral 
anticoagulants available. Nevertheless, the popularity of 
VKAs such as warfarin is not just limited to low-income 
or emerging nations, but also includes the USA, Canada, 
Australia and Italy. The popularity of rivaroxaban and 
apixaban is also widespread around the world, with a 
discrete geographical overlap between these two DOACs. 
Unlike these highly popular drugs, dabigatran, the original 
DOAC to be released into the marketplace, now appears 

Figure 2 Geographical distribution of worldwide Google searches for DOACs. DOACs, direct oral anticoagulants. 
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very modest, representing approximately ~0.1% of all 
worldwide Google searches for oral anticoagulant drugs. 
This result is not unexpected, since a previous similar 
analysis, carried out over a 1 year ago, also highlighted 
the incessantly decreasing trend of popularity of this drug 
during the previous 5 years. 

Although a deep analysis of the causes which have led 
to the current scenario is outside the major aim of this 
study, some general hypotheses can be proposed. Warfarin 
has been for long past the standard of care in patients 
needing anticoagulant therapy; this situation was mostly 
due to the fact that no other reliable alternatives had been 
available (12). The commercialization of DOACs has then 
contributed to revolutionize the landscape of anticoagulant 
therapy, but the still broad popularity of warfarin is likely 
attributable to several factors. One possibility is a kind 
of resistance to changes that many physicians have to 
‘experimenting’ with new drugs (13), as well as a lack of 
antidote and lack of clinical experience in reversing any 
new drug’s anticoagulant effects. This might also have 

some basis in the bad press received by the emerging 
DOACs when several adverse cases were presented in the 
popular press, due to over-marketing of these drugs to 
general practitioners as ‘wonder drugs’ that did not need 
monitoring (12). It is likely that DOACs were initially 
over-prescribed, and in some cases given to patients 
who may have had some contraindications (12). Another 
consideration is the still considerably lower cost of warfarin 
compared to DOACs (14,15). This probably explains why 
the popularity of warfarin remains very high in many low-
income or emerging nations such as Ethiopia, Trinidad 
and Tobago, Zimbabwe, South Africa, Cyprus, Jordan 
and Malaysia. It is also worth mentioning here that the 
confidence that many clinicians have in DOACs remains 
frequently lower than with warfarin, a drug with which they 
have become comfortable over the many years of its use 
(16,17). This may be attributable to the fact that warfarin 
therapy necessitates continuous laboratory monitoring (i.e., 
by means of a narrow therapeutic range for prothrombin 
time/international normalized ratio; PT/INR) to assess 

Figure 3 Geographical distribution of the worldwide Google searches for warfarin, apixaban, rivaroxaban and edoxaban.
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its anticoagulant effect and thus preventing insufficient 
dose (and the subsequent enhanced risk of thrombosis) or 
overdose (and the ensuing increased risk of bleeding) (18). 
Regular contact with ‘warfarinised’ patients and the regular 
access to results of laboratory testing would engender 
some confidence in the clinicians in terms of their patient, 
including alleviating safety concerns. In contrast, as routine 
laboratory monitoring of DOACs is normally not required, 
clinicians may be less confident using DOACs, since there 
is limited reliable evidence about the ongoing anticoagulant 
effect of these drugs. Essentially, the ‘proof’ of their efficacy 
becomes the lack of any bleeding or thrombotic event in 
their patient whilst on a DOAC.

Regarding the consistent decrease of popularity of 
dabigatran compared to other DOACs, this may be at least 
partially attributable to the different mechanism of action 
(i.e., direct inhibition of thrombin versus FXa), which 
seemingly attributes a potentially higher anti-thrombotic 
potency to the former drug, but counterbalanced by a 
slightly enhanced risk of bleeding, especially of developing 
gastrointestinal hemorrhages (19,20). Last but not least, 
and unlike the other three DOACs, dabigatran is a prodrug, 
and its blood concentration is more dependent upon renal 

impairment (21). Due to the increasing global burden of 
chronic renal disease (i.e., ~10% for patients with chronic 
kidney disease at ≥ stage 3) (22), the impact of declining 
renal function on DOACs metabolism may also be seen as 
a reasonable explanation for the lower use of Dabigatran 
compared to the other three DOACs. As dabigatran was 
the only DOAC for a number of years to have a known 
antidote, it is somewhat surprising that its use is not favored 
in certain scenarios.

Finally, the still limited popularity of edoxaban in terms 
of Google searches is most likely attributable to the fact that 
this drug is the most recently approved agent among all oral 
anticoagulants, and its gradual worldwide dissemination 
will probably increase in parallel with approval by medical 
regulatory agencies and larger clinical use. For example, 
edoxaban is not yet approved for use in Australia, whilst it 
has only been recently approved in USA (in 2015) and Italy 
(in 2016).

Conclusions

The results of our analysis, based on Google searches for 
establishing the worldwide popularity of oral anticoagulant 

Table 1 Top 15 areas with the highest number of Google searches for four currently marked oral anticoagulant drugs

Rank
Warfarin Apixaban Rivaroxaban Edoxaban

Areas Hits Areas Hits Areas Hits Areas Hits

1 Ethiopia 100 United Kingdom 100 New Zealand 100 United Kingdom 100

2 Trinidad & Tobago 96 Lebanon 62 Cyprus 97 Germany 82

3 Zimbabwe 93 Ireland 55 Oman 76 Ireland 82

4 New Zealand 61 Australia 55 United Kingdom 74 Taiwan 82

5 South Africa 61 Canada 54 Uruguay 72 Italy 80

6 United Kingdom 61 Colombia 52 Singapore 70 South Korea 73

7 Qatar 58 Germany 41 Colombia 67 Austria 58

8 Bahrain 58 Singapore 36 Qatar 63 Spain 58

9 Australia 58 USA 35 Ireland 58 Switzerland 53

10 Cyprus 51 Hong Kong 33 Lebanon 58 Belgium 47

11 Ireland 51 Panama 33 Guatemala 52 Netherlands 45

12 Jordan 51 Netherlands 32 Saudi Arabia 44 Portugal 37

13 Malaysia 45 Saudi Arabia 30 Hong Kong 43 Canada 35

14 Singapore 45 United Arab Emirates 29 Mexico 42 USA 24

15 Czech Republic 45 Ecuador 28 St Helena 38 Thailand 21
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agents, reveals that warfarin remains the most popular oral 
anticoagulant around the globe and that rivaroxaban and 
apixaban are the second and third most popular, whilst the 
popularity of dabigatran appears very limited. Nevertheless, 
this situation will continue to change over time, and we 
would predict increasing popularity of DOACs, especially 
apixaban and rivaroxaban, but also increasing emergence 
of edoxaban, all at the cost of warfarin popularity. Increase 
in use of these new agents is also likely strengthened by the 
introduction of an effective antidote. It seems likely that the 
popularity of dabigatran may not return despite this agent 
being the first DOAC to have an antidote available for 
immediate reversal (23), inasmuch as an antidote has also 
become available for anti-FXa agents (24). 
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