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A B S T R A C T   

Patients aged ≥65 years not only account for the majority of patients with atrial fibrillation (AF) and venous 
thromboembolism (VTE), they are also at a higher risk of morbidity, mortality, and undertreatment than younger 
patients. Several age-related physiological changes with effects on drug pharmacokinetics/− dynamics and blood 
vessel fragility as well as the higher prevalence of geriatric conditions such as frailty, multimorbidity, poly-
pharmacy, fall risk, dementia, and malnutrition make older persons more vulnerable to disease- and 
anticoagulation-related complications. Moreover, because older patients with AF/VTE are underrepresented in 
oral anticoagulation (OAC) trials, evidence on OAC in older adults with AF/VTE is mainly based on subgroup 
analyses from clinical trials and observational studies. A growing body of such limited evidence suggests that 
direct oral anticoagulants (DOACs) may be superior in terms of efficacy and safety compared to vitamin K an-
tagonists in older persons with AF/VTE and that specific DOACs may have a differing risk-benefit profile. In this 
narrative review, we summarize the evidence on epidemiology of AF/VTE, impact of age-related physiological 
changes, efficacy/safety of OAC, specifically considering individuals with common geriatric conditions, and 
review OAC guideline recommendations for older adults with AF/VTE. We also propose a research agenda to 
improve the evidence basis on OAC older individuals with AF/VTE, including the conduct of advanced age- 
specific and pragmatic studies using less restrictive eligibility criteria and patient-reported health outcomes, 
in order to compare the effectiveness and safety of different DOACs, and investigate lower-dose regimens and 
optimal OAC durations in older patients.   

1. Epidemiology 

About one of six persons aged ≥65 years is treated with oral anti-
coagulants (OACs) [1]. The most common reasons for OAC therapy are 
atrial fibrillation (AF) and venous thromboembolism (VTE), which 
represent almost 90 % of indications for OAC [2]. The incidence of both 
new AF and VTE increases with age, probably due to structural fibrotic 
changes in the atria induced by age-related cardiomyocyte loss and the 
exposure to comorbidities on one hand [3], and age-related endothelial 
dysfunction, venous stasis, and hypercoagulability on the other [4]. 
About 85 % of patients with AF and two-thirds of those with VTE are 
aged ≥65 years [5,6]. 

Older patients with AF and VTE have a worse prognosis compared to 
their younger counterparts [7,8]. The incidence of ischemic stroke/ 
systemic embolism (SSE) increases from 0.75 events/100 patient-years 
in patients with AF aged <65 years to 2.2 events/100 patient-years in 
those aged ≥75 years [7]. Patients with AF aged ≥65 years have a 1.4- 
fold increased risk for OAC-related major bleeding (MB) [9], and those 

aged ≥80 years an approximately 2-fold increased risk for intracranial 
hemorrhage (ICH) compared to younger patients [10]. Similarly, pa-
tients with VTE aged ≥65 years and those aged ≥80 years carry an about 
2-fold higher risk of MB and fatal bleeding, respectively [8,11]. The 
initiation of OAC within 12 months of AF diagnosis in persons aged ≥65 
years has increased from 20 % to 33 % between 2010 and 2020 
following the introduction of safer and easy-to-use DOACs [12]. How-
ever, older age, frailty, multimorbidity, falls/fall risk, and cognitive 
impairment/dementia are common reasons for OAC non-initiation/ 
discontinuation, and OAC use remains suboptimal in older adults with 
AF and VTE [12–14]. 

2. Age-related physiologic changes 

Age is characterized by several physiological organ changes, which 
may impact pharmacokinetics/− dynamics of OACs (Table 1). Skeletal 
muscle mass, reflected by the total body weight, decreases with age, 
with a reduction in total body water content by 10–15 % until the age of 
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80 years and a relative increase of body fat [15]. DOACs are hydrophilic 
drugs and their volume distribution may decrease and their plasma 
concentration increase as muscle mass declines [16]. A body weight 
below <50–60 kg in healthy volunteers or patients with AF seems to 
result in up to 27 % higher apixaban [17,18] and 40 % higher edoxaban 
plasma levels [19,20], while the impact on rivaroxaban and dabigatran 
levels appears clinically negligible [21–24]. A phase II study in patients 
with AF treated with edoxaban showed a statistically significantly 
increased bleeding risk in patients weighing ≤60 kg vs. >60 kg [25]. 
Thus, a body weight ≤ 60 kg is a dose reduction criterion for apixaban 
and edoxaban [17,19]. Body weight is also independently associated 
with warfarin clearance [26]. 

All DOACs are to varying degrees renally eliminated (dagibatran 
>80 %, edoxaban 50 %, rivaroxaban 33 %, apixaban 25 %) [27]. 
Rivaroxaban and apixaban are also metabolized by cytochrome P450 

(CYP) 3A4 enzymes in the liver/gut [27], whereas VKAs are primarily 
metabolized by CYP2C9 (warfarin, acenocoumarol) or CYP2C9/3A4 
(phenprocoumon) (Table 2) [28]. The glomerular filtration rate declines 
by 25–50 % from the ages of 20 to 90, due to progressive glomerulo-
sclerosis [15]. There is ample evidence that kidney function predicts 
DOAC exposure in older adults [29]. Severe renal impairment, defined 
as a creatinine clearance (CrCl) <30 ml/min, is associated with 
increased DOAC plasma levels, ranging from +44 % for apixaban to 
about +500 % for dabigatran, corresponding to their extent of renal 
elimination [17,19,21,23]. Thus, all DOACs have dose reductions based 
on renal function or are contraindicated below a given CrCl threshold 
(Table 2). 

Liver size decreases by 25–35 % and liver blood flow by about 40 % 
in old age [15], leading to a reduction in first-pass and oxidative phase I 
metabolism [30]. As the pharmacokinetics of DOACs, except for rivar-
oxaban, are not affected in patients with moderate hepatic impairment 
[31], an age-related decrease in liver function is unlikely to be clinically 
relevant. Hepatic warfarin clearance may also decline with age [32]. 

Because older persons are more likely to have comorbid conditions, 
including renal and hepatic diseases, as well as polypharmacy [33,34], 
determining whether age-related physiologic changes per se increase 
OAC drug levels is challenging. Phase I studies in healthy volunteers 
indicate that exposure to rivaroxaban (+41 %) [27], apixaban (+32 %) 
[35], and dabigatran (+40–60 %) [36] is higher in healthy older adults 
than in the young, which was attributed to the age-related reduction in 
renal function. After accounting for renal function, age has no inde-
pendent effect on edoxaban exposure in healthy volunteers [37]. Evi-
dence from the RE-LY AF trials shows that patients aged ≥75 years have 
a 68 % higher trough dabigatran concentration than those aged <65 
years, and that dabigatran exposure is significantly associated with 
bleeding risk [38]. 

It is well known that the sensitivity to warfarin increases with age, 
possibly due to a reduced activity of the vitamin K redox recycling 
system in older individuals [39]. Thus, individuals aged >70 years have 
about 20 % lower warfarin dose requirements to achieve an interna-
tional normalized ratio (INR) in the therapeutic range than those aged 
<50 years [40]. In patients who are aged >70 years, the often-suggested 
warfarin initiation dose of 5 mg/d may be excessive for 82 % of women 
and 65 % of men [41]. 

Age-related tissue and blood vessel changes may also result in an 
increased fragility/vulnerability and a greater risk of bleeding in older 
adults. The prevalence of cerebral leukoaraiosis, amyloid angiopathy, 
and cerebral atrophy rises with age and is associated with an increased 
risk of spontaneous and traumatic ICH, including subdural hematoma 
[12,42]. Reduced colonic motility and changes in the colonic wall may 
lead to diverticular disease, while a higher prevalence of H. pylori in-
fections with subsequent atrophic changes in the gastric mucosa may 
result in peptic ulcer disease – both common sources of gastrointestinal 
bleeding in older individuals [12,43,44]. 

3. OACs in older patients 

DOACs are the recommended first-line therapy for AF/VTE, while 
VKAs are considered as the treatment of choice for specific indications, 
including mechanical heart valves, moderate/severe mitral stenosis, 
end-stage renal failure, and the antiphospholipid antibody syndrome 
[45–47]. Older patients are overproportionally excluded from OAC tri-
als due to co-morbidities, co-medications, or simply advanced age, and 
such excluded patients have an increased MB risk [48,49]. In a cohort of 
993 patients aged ≥65 years with acute VTE, 25 % would have been 
excluded from key VKA trials and 43 % from key DOAC trials [49]. 
Similarly, when applying the eligibility criteria of key AF trials to 83,898 
patients representative of the AF population in the UK, 32–49 % would 
have been excluded from study participation [50]. In pivotal phase III 
trials evaluating DOACs for acute or extended VTE treatment, the pro-
portion of patients aged >75 years was only 9–16 % [27], whereas it 

Table 1 
Age-related physiologic changes/geriatric conditions with potential impact on 
OAC or outcomes in older adults.  

Age-related physiologic changes Potential impact on OAC or outcomes 

Decrease in skeletal muscle mass and 
total body water by 10–15 % until 
age of 80 years  

• Increased plasma concentrations of 
apixaban and edoxaban if body weight 
is low (<50–60 kg)  

• Increased risk of MB with edoxaban if 
body weight is ≤60 kg  

• Decreased hepatic clearance of warfarin 
Decline in glomerular filtration rate by 

25–50 % from ages 20 to 90 years  
• Increased plasma concentrations of 

dabigatran > edoxaban > rivaroxaban 
> apixaban, especially if CrCl <30 ml/ 
min 

Decrease in liver size by 25–35 % and 
blood flow by 40 % in old age  

• Effect on DOAC plasma concentrations 
negligible if less than moderate 
(rivaroxaban) or severe hepatic 
dysfunction (apixaban, edoxaban, 
dabigatran)  

• Reduced warfarin clearance 
Reduced activity of the vitamin K redox 

recycling system  
• Increased warfarin sensitivity with 

about 20 % lower warfarin dose 
requirements 

Increased prevalence of cerebral 
leukoaraiosis, amyloid angiopathy, 
and cerebral atrophy  

• Increased risk of ICH 

Increased prevalence of diverticular 
and peptic ulcer disease  

• Increased risk of gastrointestinal 
bleeding   

Geriatric conditions Potential impact on OAC or outcomes 

Frailty  • Increased risk of thromboembolic events, MB, and 
overall mortality in patients 

Multimorbidity  • Decrease in OAC control  
• Increased risk of SSE, MB, and overall mortality in 

patients with AF  
• Increased risk of recurrent VTE and MB in patients 

with VTE 
Polypharmacy  • Decrease in OAC control  

• Increased risk of drug-drug interactions (e.g., with 
antiplatelet agents)  

• Increased risk of SSE, MB, and overall mortality in 
patients with AF  

• Increase of risk of MB in patients with VTE 
Fall risk  • Small increase in absolute risk of fall-related bleeding 

(controversial) 
Cognitive impairment/ 

dementia  
• Decrease in OAC adherence/control  
• OAC may reduce risk of cognitive impairment/ 

dementia in patients with AF  
• Increased risk of fatal pulmonary embolism and 

significant bleeding in patients with VTE 
Malnutrition  • Increased risk of SSE, MB, and overall mortality in 

patients with AF 

Abbreviations: AF, atrial fibrillation; CrCl, creatinine clearance; DOAC, direct 
oral anticoagulant; ICH, intracranial hemorrhage; MB, major bleeding; OAC, 
oral anticoagulation; SSE, stroke/systemic embolism; VTE, venous 
thromboembolism. 
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varied from 35 to 40 % in AF trials [51]. Thus, older patients are un-
derrepresented in guideline-defining OAC trials, the results of which 
may not necessarily be generalizable to the older adults. 

3.1. Atrial fibrillation 

The evidence for the efficacy/safety of DOACs vs. VKAs in older 
patients with AF relies mostly on subgroup analyses from randomized- 
controlled trials (RCTs) and observational studies (OSs) that were not 
specifically designed to investigate outcomes in older persons [52]. 
Thus, the results must be interpreted with caution. To decrease the 
threat to internal validity posed by lack of power and confounding, 
meta-analyses of RCT subgroups and adjusted risk estimates from OSs 
may be the best method to study the effect of DOACs vs. VKAs in older 
patients with AF. One of the most recent and largest study-level meta- 
analysis of 5 RCT subgroups and 27 high-quality OSs using nationwide 
databases and adjusted/matched data included 547,419 patients aged 
≥75 years with AF [53]. Compared to VKAs, DOACs reduced the risk of 
SSE (OSs: HR 0.87, 95%CI 0.81–0.94; RCTs: RR 0.82, 95%CI 0.67–0.96), 
ICH (OSs: 0.47, 95%CI 0.37–0.57; RCTs: 0.47, 95%CI, 0.31–0.63), and 
to a lesser degree MB (OSs: 0.87, 95%CI 0.77–0.98; RCTs: 0.89, 95%CI 
0.66–1.12). In another meta-analysis including 22 RCTs/OSs enrolling 
440,281 AF patients aged ≥75 years, DOACs were associated with a 
lower risk of SSE (HR 0.79, 95%CI 0.70–0.89) and ICH (HR 0.46, 95%CI 
0.38–0.58) compared to VKAs, whereas no differences were found for 
overall MB (HR 0.94, 95%CI 0.85–1.05) [54]. A recent study-level meta- 
analysis of 11 RCT subgroups found that older patients with AF treated 
with DOACs may also potentially have a lower mortality risk than those 

treated with VKAs (HR 0.89, 95%CI 0.77–1.02) [55]. 
Because head-to-head comparisons of different DOACs are lacking, 

several study-level network meta-analyses have indirectly compared the 
efficacy/safety of individual DOACs in patients aged ≥75 years with AF 
[56–59]. In general, efficacy in terms of SSE prevention was comparable 
across DOACs [56–58], but both apixaban and edoxaban were associ-
ated with a lower risk of MB compared to dabigatran (both doses) and 
rivaroxaban, with a comparable MB risk observed between edoxaban 
and dabigatran 110 mg [56,58,60]. No significant differences in MB 
were shown between apixaban and edoxaban or between dabigatran 
and rivaroxaban [56,58–60]. Apixaban ranked best among the various 
DOACs in terms of safety and either first or second in terms of efficacy in 
three network meta-analyses [56,58,59]. In the ELDERCARE-AF trial 
that compared a once-daily dose of 15 mg of edoxaban vs. placebo in 
984 patients aged ≥80 years with AF who would not have qualified for 
standard OAC (i.e., CrCl 15–30 ml/min., history of MB, low body weight 
≤ 45 kg, concomitant antiplatelet therapy, etc.), low-dose edoxaban was 
associated with a significant 66 % risk reduction in SSE and a 87 % 
(albeit statistically not significant) risk increase in MB [61], a benefit 
that was also maintained in frail patients [62]. In a network meta- 
analysis of patients aged ≥80 years with AF, edoxaban and apixaban 
ranked first and second, respectively, in terms of net clinical benefit 
among the various DOACs [63]. 

Unexpectedly, the recent FRAIL-AF trial showed that switching from 
VKAs to DOACs in frail older patients with AF resulted in more clinically 
relevant bleedings (HR 1.69, 95%CI 1.23–2.32) without reducing 
embolic events (HR 1.26, 95%CI 0.60–2.61) [64]. Hence, for older 
adults with AF who have been on long-term VKA treatment, it may be 

Table 2 
Dose adjustment for DOACs and VKAs for treatment of AF and acute VTE.   

Apixaban Edoxaban Dabigatran Rivaroxaban VKAs 

Pharmakokinetics 
Half-life, hours 8–15 9–14 12–142 9-13 8-1606 

Metabolism/ 
transport 

CYP3A4/P-pg Minimal (CYP3A4)/P-gp Glucuronidation (to active 
metabolites)/P-gp 

CYP3A4/P-pg CYP2C9/ 
3A4 

Renal elimination, % 25 50 >80 33 0  

AF 
Standard dose 2 × 5 mg 1 × 60 mg 2 × 150 mg 1 × 20 mg INR 2–3 
Reduced dose 2 × 2.5 mg 1 × 30 mg 2 × 110 mg 1 × 15 mg INR 2–3 
Indications for 

reduction 
If ≥2 of the following:   

• Age ≥ 80 years  
• Body weight ≤ 60 kg  
• Serum creatinine ≥133 

μmol/l 

If ≥1 of the following:   

• CrCl 15–50 ml/min  
• Body weight ≤ 60 kg  
• Concomitant use of potent 
P-gp inhibitor1 

If ≥1 of the following:3   

• CrCl 30–50 ml/min  
• Age ≥ 80 years  
• Concomitant use of moderate P-gp 

inhibitor4  

• Increased bleeding risk 

If CrCl 15–50 ml/min –  

Acute VTE 
Standard dose First 7 days: 2 × 10 mg 

After: 2 × 5 mg 
First 5 days: LMWH 
After: 1 × 60 mg 

First 5 days: LMWH 
After: 2 × 150 mg 

First 3 weeks: 2 × 15 
mg 
After: 1 × 20 mg 

INR 2–3 

Reduced dose None 1 × 30 mg None5 None INR 2–3 
Indications for 

reduction 
– If ≥1 of the following:   

• CrCl 15–50 ml/min  
• Body weight ≤ 60 kg  
• Concomitant use of potent P-gp 

inhibitor1 

– – – 

Abbreviations: AF, atrial fibrillation; CrCl, creatinine clearance; INR, international normalized ratio; LMWH, low-molecular-weight heparin; P-gp, P-glycoprotein; 
VKAs, vitamin K antagonists; VTE, venous thromboembolism. 

1 Potent P-gp inhibitors: e.g., cyclosporine, dronedarone, erythromycin, ketoconazole. 
2 CrCl <30 ml/min: 28 h. 
3 United States: 2 × 75 mg if CrCl 15–30 ml/min. 
4 Moderate P-gp inhibitors: e.g., amiodarone, quinidine, verapamil. 
5 Some countries (e.g., Switzerland, Canada) recommend dose reduction: 2 × 110 mg if age ≥ 80 years or if at higher risk of bleeding (age ≥ 75 years with ≥1 risk 

factor for bleeding). 
6 Acenocoumarol: 8–11 h, phenprocoumon: 110–160 h, warfarin: 25–60 h. 
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reasonable to consider its continuation, particularly among those with 
well-controlled INRs (i.e., >70 % time in the therapeutic range) and no 
adverse effects [65]. 

3.2. Venous thromboembolism 

There are no RCTs designed to compare the efficacy/safety of DOACs 
vs. VKAs or specific DOACs in older patients with acute VTE, and the 
best available evidence mainly relies on subgroup analyses of RCTs and 
OSs [66–69]. In a study-level meta-analysis of six phase III trials, the 
subgroup of patients aged ≥75 years treated with DOACs had a lower 
risk of recurrent VTE than those treated with VKAs (RR 0.56, 95%CI 
0.38–0.82), a result not observed in patients below the age of 75 years 
[66]. DOACs were also associated with a lower risk of MB than VKAs in 
patients aged ≥75 years (RR 0.49, 95%CI 0.25–0.96), just as they were 
in younger patients [66]. Two large population-based OSs showed 
similar efficacy/safety profiles of DOACs vs. VKAs in older patients with 
acute VTE [68]. Whether older patients with cancer-related VTE benefit 
from DOAC treatment is currently unclear. In a nationwide OS with 
propensity matching, DOACs were associated with a somewhat lower 
risk of recurrent VTE requiring hospitalization than warfarin, with 
similar risks of MB and mortality in cancer patients aged ≥75 years 
during chemotherapy [70]. In subgroup analyses of RCTs, apixaban or 
edoxaban did not offer any clinical benefits over dalteparin in patients 
aged ≥65 years with cancer-associated VTE [71,72]. In a study-level 
network meta-analysis of RCTs comparing rivaroxaban, apixaban, and 
edoxaban in the subgroup of patients aged ≥75 years with acute VTE, all 
DOACs were similarly effective, but edoxaban showed a higher risk for 
clinically relevant bleeding than rivaroxaban and apixaban [57]. 

In VTE extended treatment trials comparing DOACs with placebo, 
aspirin, or reduced DOAC doses, patients aged >75 years treated with 
DOACs usually had significantly lower VTE recurrence rates when 
compared with placebo but not compared with active controls (aspirin 
or reduced DOAC dose) [27]. Bleeding risks did not differ significantly 
by treatment arm in older patients. In one large population-based OS, 
apixaban was associated with a lower bleeding risk compared to 
warfarin during extended OAC in older patients with VTE but in another 
this was not the case [67,69]. 

Determining the optimal treatment duration for older patients re-
mains a challenge, with a delicate balance between the risk of bleeding 
and recurrent VTE both during and after OAC therapy. While the risk of 
MB was consistently demonstrated to be higher in older individuals, it 
remains controversial whether the risk of recurrent VTE after dis-
continuing OAC is also elevated in older patients [27]. A cost-utility 
analysis showed that a 3-month OAC duration with warfarin was less 
costly and more effective than longer-duration strategies in patients 
aged ≥80 years with unprovoked VTE, but the results were influenced 
by the risk of MB (which is lower for DOACs) [73]. Many clinical 
bleeding risk scores (HEMORR2HAGES, ATRIA, HAS-BLED, OBRI, 
Kuijer, ACCP, VTE-Bleed, Seiler) do not perform well in older patients 
with AF/VTE, with the areas under the receiver operating characteristic 
curve for MB varying between 0.47 and 0.70 [74,75]. Clinical prediction 
rules developed to identify patients with unprovoked VTE who may not 
require extended OAC have either not been specifically validated in 
older adults (Men continue and HERDOO2) or lack discriminative power 
in older patients (updated Vienna Prediction Model) [76]. Current 
guidelines do not provide age-specific recommendations for OAC 
duration, but they indirectly consider age by advising against extended 
OAC in individuals with unprovoked VTE who are at a high risk of 
bleeding [46,77,78]. 

In summary, limited evidence indicates that DOACs as a drug class 
appear to be more effective and safer than VKAs for treating both AF and 
acute VTE in older persons. Even more limited data suggest that apix-
aban and edoxaban might have a better risk-benefit profile than rivar-
oxaban or dabigatran in older adults. 

4. OAC in common geriatric conditions 

Several common geriatric conditions, including frailty, multi-
morbidity, polypharmacy, fall risk, cognitive impairment/dementia, 
and malnutrition are associated with a worse prognosis in older persons 
with AF or VTE (Table 1). Evidence on OACs for treating AF/VTE in 
patients with such geriatric conditions is essentially based on subgroup 
analyses from RCTs and OSs and must be cautiously interpreted. 

4.1. Frailty 

About one in ten persons aged ≥65 years suffers from frailty [79], 
defined as “a clinically recognizable state of increased vulnerability 
resulting from aging-associated decline in reserve and function across 
multiple physiologic systems” [79]. Its clinical phenotype is character-
ized by weight loss, muscular weakness, and a low physical activity 
[80,81]. Some degree of frailty is very common in older adults with AF 
(up to 80 %, depending on the definition) or acute VTE (about 60 %) and 
is associated with an increased risk of OAC-related bleeding and mor-
tality in patients with AF/VTE [81–83]. 

In a post-hoc analysis of the ENGAGE AF-TIMI 48 RCT [84], edox-
aban was associated with similar efficacy to warfarin in every frailty 
category, and a lower risk of bleeding than warfarin in all but those with 
severe frailty. In a meta-analysis of patients with AF, frail individuals 
had an about 1.5-fold higher risk of stroke and MB, and an about 6-fold 
higher risk of overall mortality compared to non-frail individuals [85]. A 
low physical activity level is associated with a 2-fold increased risk of 
MB in patients aged ≥65 years with acute VTE [86]. Frailty also nega-
tively affects OAC prescription/maintenance in AF [87]. In an OS using 
nationwide data from 71,638 anticoagulated frail patients with AF, 
DOACs, particularly apixaban followed by edoxaban, had better benefit- 
risk profiles than VKAs [88]. Another OS including 653,412 Medicare 
beneficiaries with AF who initiated use of dabigatran, rivaroxaban, 
apixaban, or warfarin, suggested that only apixaban was associated with 
lower rates of a composite endpoint of death, ischemic stroke, or MB 
among frail patients compared to warfarin (HR 0.73, 95%CI 0.67–0.80) 
[89]. Based on US MarketScan claims data from 10,754 frail patients 
with AF, rivaroxaban (HR 0.68, 95%CI 0.49–0.95), but not apixaban or 
dabigatran, was associated with a reduced risk of SSE, with similar MB 
risks compared to warfarin [90]. Other OSs suggest that specific DOACs 
may be more effective (rivaroxaban, apixaban) and safer (apixaban) 
than warfarin for preventing recurrent VTE [91,92]. 

Almost no studies evaluated patient-reported outcomes, such as 
home time, health-related quality of life, and function. In an OS of 
136,551 Medicare beneficiaries with AF, apixaban was associated with 
increased home time and lower rates of clinical events than rivaroxaban 
or warfarin, especially in those with frailty [93]. 

4.2. Multimorbidity 

The prevalence of multimorbidity, defined as the presence of at least 
two chronic morbidities, rises with age [33], and about 3 out of 4 pa-
tients aged ≥65 years with AF or acute VTE are multimorbid [94,95]. 
Many of these morbidities represent risk factors for AF-/VTE-related 
complications as well as bleeding [75,96–98]. The most common clin-
ical risk factors for bleeding in AF/VTE include older age, active cancer, 
anemia, thrombocytopenia, renal impairment, history of prior bleeding, 
(uncontrolled) hypertension, and cerebrovascular disease [75,96–98]. 

In multimorbid older patients with AF, the number of comorbidities 
is inversely associated with the time spent in the therapeutic INR range 
[99]. Moreover, multimorbid older patients with AF have an about 2.5- 
fold increased risk of SSE and MB and an about 2-fold higher risk of 
death than those without multimorbidity [94,99]. Similarly, multi-
morbidity is associated with a decreased OAC quality and an about 1.5- 
fold increased risk of recurrence and MB in older patients with VTE [95]. 

In an OS using propensity-matched insurance claims data from 
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155,959 multimorbid patients with AF, apixaban and rivaroxaban were 
associated with a lower risk of SSE compared to warfarin (− 37 % and −
30 %, respectively) [100]. Apixaban (− 39 %) and dabigatran (− 25 %) 
were also associated with a lower risk of MB. In another propensity- 
matched OS using data from 85,365 multimorbid Medicare recipients 
with AF, apixaban (− 37 %) and rivaroxaban (− 30 %) were associated 
with a lower risk of SSE than warfarin. Apixaban was associated with a 
lower risk of SSE and MB than dabigatran or rivaroxaban [101]. 

4.3. Polypharmacy 

Polypharmacy, defined as the use of ≥5 medications [102], is present 
in about a third of patients aged ≥65 years with AF and in about half of 
patients with acute VTE [94,103,104]. Older patients with poly-
pharmacy who are treated with VKAs spend less time in the therapeutic 
INR range than those without polypharmacy [103,105]. In individuals 
aged ≥65 years with AF/VTE, polypharmacy is associated with an about 
1.3- to 1.8-fold increased risk of MB [103,104,106], and with an 
increased risk of SSE and overall mortality in patients with AF 
[104,106]. Possible underlying mechanisms are pharmacological in-
teractions, its association with multimorbidity, and falls [103,104]. 
Drug-drug interactions are responsible for around 60 % of hemorrhagic 
adverse drug events in older patients treated with OACs [107]. One of 
the most common and potentially reversible interaction in older patients 
is the additive bleeding risk of antiplatelet therapy and nonsteroidal 
anti-inflammatory drugs [108]. About one third of older patients anti-
coagulated for AF/acute VTE receive concomitant antiplatelet treatment 
[109]. The combination of DOACs or warfarin with antiplatelet therapy 
results in an about 1.5- to 4-fold increased risk of MB in patients with 
AF/VTE [109–111]. 

In a study-level meta-analysis of 12 studies (9 OS, 3 subgroups from 
RCTs) including 767,544 patients and a nationwide OS including 
167,847 patients with AF and polypharmacy, use of DOACs was asso-
ciated with an about 20–30 % reduced risk of SSE and ICH compared to 
VKAs, with a less marked reduction in MB [106,112]. Between-DOAC 
comparisons indicated the lowest MB risk with apixaban [106]. In 
subgroup analyses from the Hokusai-VTE (edoxaban) and EINSTEIN- 
VTE (rivaroxaban) trials, clinically relevant bleeding rates did not 
differ between DOAC and warfarin in patients with polypharmacy 
[113,114]. 

4.4. Fall risk 

About half of patients aged ≥65 years with AF/acute VTE have an 
increased risk of falls [115,116], and the presence of AF itself may in-
crease the fall risk [117]. Falls and the fear of fall-related bleeding are 
the most common reason to refrain from OAC [74,118]. However, 
whether falls (or minor head injury) convey a higher risk of MB and ICH 
in anticoagulated older patients remains controversial 
[74,115,119–123], and the increase in the absolute risk of fall-related 
bleeding is small [124]. Consequently, the risk of falls is included only 
in two bleeding risk scores, the HEMORR2HAGES and the ACCP score 
[75]. Overall, in patients with AF, the risk of SSE and the benefit from 
OAC appears to outweigh the risk of bleeding in patients with a high fall 
risk [124,125], and falls should only rarely be a contraindication to OAC 
[126]. According to the 2016 ACCP guidelines [78], patients aged >65 
years with VTE with frequent falls have a high risk of bleeding and may 
not be candidates for extended OAC (>3 months). 

In a study-level meta-analysis of 10 studies (5 OS, 5 subgroups from 
RCTs) of patients with AF who were at risk of falls, DOACs were 
significantly more effective in preventing SSE (− 18 %) and safer 
regarding ICH (− 47 %) than VKAs [127]. In a nationwide OS including 
18,947 patients with AF at risk of falls, DOACs were associated with a 
lower risk of SSE (− 30 %) and mortality (− 17 %) than warfarin, with 
comparable bleeding risks [128]. Apixaban was associated with a lower 
MB risk than the other DOACs. In a retrospective cohort, falls resulted in 

− 30 % bleeding complications and − 40 % ICH in patients under DOACs 
compared to VKAs [129]. 

4.5. Cognitive impairment/dementia 

About a third of patients aged ≥65 years with AF suffer from 
cognitive impairment/dementia [116]. Evidence indicates that AF is a 
risk factor for developing cognitive impairment/dementia independent 
of clinical stroke, possibly due to cerebral microinfarctions [130]. While 
OAC use and higher OAC quality appear to decrease the risk of dementia 
in older patients with AF [131], those with dementia treated with 
warfarin have a poorer OAC control [132]. Dementia itself may also 
negatively impact patient OAC adherence in AF [133], which may 
deteriorate patient outcomes [134]. In patients with VTE, dementia is 
associated with an increased risk of fatal pulmonary embolism and 
significant bleeding [135,136]. 

In a large OS assessing the comparative effectiveness and safety of 
specific OACs in 1,160,462 propensity score-matched patients aged ≥65 
years with or without dementia, those with dementia using warfarin (HR 
1.5, 95%CI 1.3–1.7), dabigatran (HR 1.5, 95%CI 1.2–2.0), and rivar-
oxaban (HR 1.3, 95%CI 1.1–1.5) showed a higher risk of a composite 
endpoint of stroke or MB compared to apixaban users [137]. In a study- 
level meta-analysis of five OS including 21,962 patients with AF and 
dementia, DOAC therapy was associated with a lower risk of all-cause 
mortality (HR 0.79, 95%CI 0.68–0.92) compared to warfarin, without 
significant differences in the risk for ischemic stroke or MB [138]. A 
nationwide OS including 237,012 persons with AF suggested that 
DOACs, especially apixaban and edoxaban, may have a protective effect 
on the development of dementia compared to VKAs (HR 0.91, 95%CI 
0.85–0.98) [139]. 

4.6. Malnutrition 

Older adults are at risk of malnutrition, which can be explained by 
their higher rate of comorbidities and impairments [140]. Almost half of 
patients with AF aged ≥80 years have some degree malnutrition, which 
was shown to be independently associated with an increased risk of MB 
(SHR 1.29, 95%CI 1.02–1.64), ischemic stroke (SHR 1.37, 95%CI 
1.10–1.69), and overall-mortality (SHR 1.36, 95%CI 1.24–1.49) [140]. 
According to an OS [141], the incidence of MB in adults ≥80 years with 
AF and moderate malnutrition was increased when treated with 
warfarin compared to those without or mild malnutrition (12.1/10 vs. 
0.6/100 person-years, p < 0.01), but not when treated with DOACs (1.6/ 
100 vs. 0.8/100 person-years, p = 0.54), possibly due to a poorer INR- 
control in malnourished patients. 

5. Current recommendations for treating AF and VTE in the 
older adults 

Both general and geriatric guidelines recommend DOACs over VKAs 
for the treatment of both AF and VTE (Table 3) [45,46,65,77]. Given the 
possibly higher risk of MB with rivaroxaban and dabigatran in older 
adults compared to apixaban and edoxaban, the American Geriatrics 
Society has added them to their list of potentially inappropriate medi-
cations that should be used with caution in patients aged ≥75 years 
[65]. 

Dose reductions based on age are recommended for two DOACs for 
AF, dabigatran and apixaban (Table 2). In patients aged ≥80 years, the 
recommended dose reduction for dabigatran is from 2 × 150 mg to 2 ×
110 mg daily [23,45]. As advanced age, low body weight, and reduced 
CrCl individually have only a modest effect on apixaban exposure, a 
dose reduction from 2 × 5 mg to 2 × 2.5 mg daily is only warranted if at 
least two risk factors (age ≥ 80 years, weight ≤ 60 kg, or creatinine 
≥133 μg/l) are present [17,45]. There is no evidence indicating that 
rivaroxaban or edoxaban require a dose reduction based on advanced 
age alone. In older adults, a lower warfarin starting dose of ≤5 mg is 
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recommended because of their greater sensitivity to warfarin [28,77]. 

6. Future research 

Almost no specific treatment trials exist in older adults who are also 
underrepresented in existing landmark OAC studies. As a result, there is 

a paucity of age-specific OAC guideline recommendations/statements 
(Table 3) and trial results from younger, healthier individuals are 
extrapolated to older, sicker patients. To increase the generalizability of 
study findings to the older population and considering that the risk- 
benefit profile of specific DOACs may differ in older patients, there is 
a need for advanced age-specific, pragmatic prospective, especially 
randomized studies with less restrictive eligibility criteria, including 
patients with common geriatric conditions such as frailty. Future studies 
should directly compare the effectiveness and safety of different DOACs, 
evaluate risks and benefits of lower-dose regimens, and investigate the 
optimal OAC durations in older patients with different risk profiles (e.g., 
after unprovoked or cancer-related VTE) (Table 4). Especially compar-
ative RCTs are necessary. As older persons may value independence over 
longevity, these studies should not only evaluate traditional morbidity 
and mortality but also patient-reported health outcomes, such as health- 
related quality of life and function, and active life expectancy (e.g., 
home time) [142]. Such comparative effectiveness research would not 
only provide an evidence base for specific OAC recommendations for 
older adults with AF/VTE, but would also help identify subgroups of 
older patients who would particularly benefit from OAC and those who 
would not. A next step towards this goal could be the foundation of a 
consortium/working group (e.g., under the leadership of the Interna-
tional Society of Thrombosis and Haemostasis) to establish a research 
agenda for OAC therapy in older adults, including the identification of 
specific research questions and the definition of study designs and 
appropriate outcome measures. On a regulatory level, potential mea-
sures such as the mandatory inclusion of a sufficient sample size of older 
patients in OAC studies or the requirement of funding/conducting post- 
marketing studies in older persons treated with OAC should also be 
discussed. 

7. Conclusions 

Although the majority of patients with AF/VTE are older adults at 
increased risk of SSE and bleeding, specific treatment trials are scarce, 
resulting in a notable underrepresentation of older adults in landmark 
OAC trials and practice guidelines. A growing body of evidence from 
RCT subgroups and OSs indicates that DOACs as a drug class may be 

Table 3 
Recommendations/statements in contemporary key AF/VTE practice guidelines 
regarding OAC use in patients with advanced age, frailty, multimorbidity, fall 
risk, or cognitive impairment/dementia.  

Guidelines Recommendations/statements 

AF 
ACC/AHA 2023 [143]  • Long-term OAC is contraindicated in the context of 

serious bleeding related to recurrent falls when cause of 
falls is not felt to be treatable. 

ACCP 2018 [144]  • In frail patients and those at high risk of falls, an 
individual risk assessment needs to be undertaken prior 
to OAC initiation.  

• The benefits of ischemic stroke reduction generally 
outweigh the risk of harm from serious bleeding with 
OAC use.  

• In patients with cognitive impairment or dementia, OAC 
should only be withheld if there is no available caregiver 
who can guarantee medication adherence. 

CCS 2020 [145]  • OAC should be prescribed for most frail older patients 
with AF (strong recommendation; moderate-quality 
evidence). 

ESC 2020 [45]  • Frailty, comorbidities, and increased risk of falls do not 
outweigh the benefits of OAC.  

• DOACs appear to have a better overall risk-benefit profile 
compared with warfarin in older and frail patients. 

NICE 2021 [146]  • Do not withhold OAC solely because of a person’s age or 
their risk of falls (age is factored into the [ORBIT] 
bleeding risk score and falls are rarely a cause of major 
hemorrhage). The benefits/harms [of OAC] should be 
discussed with the person.  

VTE 
ACCP 2021 [47]  • No specific recommendation/statement 
ASCO 2023 [147]  • No specific recommendation/statement 
ASH 2020 [46]  • No specific recommendation/statement 
ASH Cancer 2021 

[148]  
• No specific recommendation/statement 

ESC 2019 [77]  • Warfarin may be started at a dose ≤5 mg in older 
patients. 

ESMO 2023 [149]  • No specific recommendation/statement 
ESVS 2021 [150]  • No specific recommendation/statement 
ITAC-CME 2022 

[151]  
• No specific recommendation/statement 

NICE 2020, update 
2023 [152]  

• No specific recommendation/statement 

THANZ 2019 [153]  • No specific recommendation/statement  

AF and VTE 
AGS 2023 [65]  • Avoid starting warfarin as initial therapy for the 

treatment of nonvalvular AF/VTE unless alternative 
options [DOACs] are contraindicated or there are 
substantial barriers to their use. 

• Avoid rivaroxaban for long-term treatment of non-
valvular AF/VTE in favor of safer OAC alternatives.  

• Use caution in selecting dabigatran over other DOACs (e. 
g., apixaban) for long-term treatment of nonvalvular AF/ 
VTE. 

Abbreviations: ACC, American College of Cardiology; ACCP, American College 
of Chest Physicians; AF, atrial fibrillation; AGS, American Geriatrics Society; 
AHA, American Heart Association; ASCO, American Society of Clinical 
Oncology; ASH, American Society of Hematology; CCS, Canadian Cardiovas-
cular Society; DOACs, direct oral anticoagulants; ESMO, European Society of 
Medical Oncology; ESC, European Society of Cardiology; ESVS, European So-
ciety for Vascular Surgery; ITAC-CME, International Initiative on Thrombosis 
and Cancer; NICE, National Institute for Health and Care Excellence; OAC, oral 
anticoagulation; THANZ, Thrombosis and Haemostasis Society of Australia and 
New Zealand; VTE, venous thromboembolism. 

Table 4 
Goals, design characteristics, and themes of potential future studies on antico-
agulant therapy in older adults.  

Study goals Study characteristics and study ideas  

• To increase the generalizability of study 
findings to older patients  

• To provide an evidence base for specific 
OAC recommendations in terms of OAC 
intensity and duration for older patients 
with AF/VTE  

• To help identify subgroups of older 
patients for whom OAC therapy is 
beneficial (or not)  

• Study characteristics:  
• Enrolment of older adults, such as 

persons aged ≥65 years, the very old 
(80+), or the oldest old (85+)  

• Pragmatic, prospective, and 
preferably randomized design, with 
less restrictive eligibility criteria 

• Use of patient-reported health out-
comes (e.g., health-related quality of 
life, active life expectancy, function)  

• Study ideas:  
• Direct comparison of the 

effectiveness and safety of different 
DOACs in older patients, including 
specific subgroups (e.g., frail 
patients)  

• Direct comparison of effectiveness 
and safety of lower-dose vs. normal- 
dose regimens in older patients  

• Direct comparison of effectiveness 
and safety different OAC durations in 
older patients, including patients 
with different risk profiles (e.g., after 
unprovoked or cancer-related VTE) 

Abbreviations: AF, atrial fibrillation; DOACs, direct oral anticoagulants; OAC, 
oral anticoagulation; VTE, venous thromboembolism. 
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more effective and safer than VKAs in older persons with AF/VTE and 
may have a positive effect on cognitive function in patients with AF. The 
available evidence also suggests that apixaban and edoxaban might have 
the most favorable risk-benefit profile among DOACs in older adults 
including those with typical geriatric conditions such as frailty, multi-
morbidity, polypharmacy, fall risk, cognitive impairment/dementia, 
and potentially also those with malnutrition. In older and frail patients 
with AF, there is currently no evidence of benefit for switching OAC 
from VKAs to DOACs and even some evidence of an increased bleeding 
risk. Advanced age-specific and pragmatic comparative effectiveness 
studies using patient-reported outcomes are needed to expand our 
knowledge on optimal OAC strategies in the growing population of older 
multimorbid patients with AF/VTE. Considering patient specific char-
acteristics, treatment decisions should be tailored to the individual, and 
shared decision making with evaluation of the potential outcomes of 
both continuing and discontinuing OAC, as well as consideration of in-
dividual preferences should be encouraged. 
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[86] E. Ferrazzini, M. Méan, O. Stalder, A. Limacher, N. Rodondi, D. Aujesky, 
Incidence and clinical impact of bleeding events in older patients with acute 
venous thromboembolism, Blood Adv. 7 (2) (2023) 205–213. 

[87] V. Perera, B.V. Bajorek, S. Matthews, S.N. Hilmer, The impact of frailty on the 
utilisation of antithrombotic therapy in older patients with atrial fibrillation, Age 
Ageing 38 (2) (2009) 156–162. 

[88] M. Grymonprez, M. Petrovic, T.L. De Backer, S. Steurbaut, L. Lahousse, Impact of 
frailty on the effectiveness and safety of non-vitamin K antagonist oral 
anticoagulants (NOACs) in patients with atrial fibrillation: a nationwide cohort 
study, European Heart Journal - Quality of Care and Clinical Outcomes 10 (1) 
(2023) 55–56. 

[89] D.H. Kim, A. Pawar, J.J. Gagne, L.G. Bessette, H. Lee, R.J. Glynn, et al., Frailty 
and clinical outcomes of direct oral anticoagulants versus warfarin in older adults 
with atrial fibrillation: a cohort study, Ann. Intern. Med. 174 (9) (2021) 
1214–1223. 

[90] B.K. Martinez, N.A. Sood, T.J. Bunz, C.I. Coleman, Effectiveness and safety of 
apixaban, dabigatran, and rivaroxaban versus warfarin in frail patients with 
nonvalvular atrial fibrillation, J. Am. Heart Assoc. 7 (8) (2018) e008643. 

[91] C.I. Coleman, A.G.G. Turpie, T.J. Bunz, J. Beyer-Westendorf, Effectiveness and 
safety of rivaroxaban versus warfarin in frail patients with venous 
thromboembolism, American Journal of Medicine. 131 (8) (2018), 933-8.e1. 

[92] J.D. Guo, P. Hlavacek, L. Rosenblatt, A. Keshishian, C. Russ, J. Mardekian, et al., 
Safety and effectiveness of apixaban compared with warfarin among clinically- 
relevant subgroups of venous thromboembolism patients in the United States 
medicare population, Thromb. Res. 198 (2021) 163–170. 

[93] K.J. Lin, D.E. Singer, D. Ko, R. Glynn, M. Najafzadeh, S.B. Lee, et al., Frailty, home 
time, and health care costs in older adults with atrial fibrillation receiving oral 
anticoagulants, JAMA Netw. Open 6(11):e2342264-e (2023). 

[94] A. Kotalczyk, Y. Guo, Y. Wang, G.Y.H. Lip, Investigators obotCR., Impact of 
multimorbidity and polypharmacy on clinical outcomes of elderly chinese 
patients with atrial fibrillation. Journal of, Clin. Med. 11(5):1370 (2022). 

[95] N. Lange, M. Mean, O. Stalder, A. Limacher, T. Tritschler, N. Rodondi, et al., 
Anticoagulation quality and clinical outcomes in multimorbid elderly patients 
with acute venous thromboembolism, Thromb. Res. 177 (2019) 10–16. 

[96] T.-F. Chao, C.-E. Chiang, Y.-H. Chan, J.-N. Liao, T.-J. Chen, G.Y.H. Lip, et al., Oral 
anticoagulants in extremely-high-risk, very elderly (>90 years) patients with 
atrial fibrillation, Heart Rhythm 18 (6) (2021) 871–877. 

[97] M.A. De Winter, H.R. Büller, M. Carrier, A.T. Cohen, J.-B. Hansen, K.A. 
H. Kaasjager, et al., Recurrent venous thromboembolism and bleeding with 
extended anticoagulation: the VTE-PREDICT risk score, Eur. Heart J. 44 (14) 
(2023) 1231–1244. 

[98] J.L.I. Burggraaf, N. van Rein, F.A. Klok, S.C. Cannegieter, How to predict 
recurrent venous thromboembolism and bleeding? A review of recent advances 
and their implications. Polish, Arch. Intern. Med. 133 (5) (2023). 

[99] M. Proietti, M.A. Esteve-Pastor, J.M. Rivera-Caravaca, V. Roldán, I.R. Rabadán, 
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