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ABSTRACT 
Background: Previous studies showed that, despite the higher bleeding risk, elderly still benefit 

from anticoagulants if they have a stringent indication. However, due to the relatively low number 

of nonagenarians in these studies, it is unknown whether this also applies to the eldest group of 

patients. 

Objective: To determine how the bleeding and thrombotic risk are related to age in vitamin K 

antagonist (VKA) users over 70 years.

Design: cohort study. 

Setting: Certe Thrombosis Service Groningen, The Netherlands.

Patients: 1109 nonagenarians matched to 1100 octogenarians and 1104 septuagenarians. 

Measurements: The primary outcome was a composite of clinically relevant non-major and major 

bleeds, secondary outcomes included thromboses and quality of VKA control. Hazard ratios (HR) 

were calculated for nonagenarians and octogenarians, compared to septuagenarians. 

Results: Of the 3,313 patients, 713 patients had a total of 1,050 bleeds. The bleeding risk was not 

increased in the octogenarians (HR 1.07; 95%CI0.89-1.27), and mildly increased in the nonagenarians 

(HR 1.26; 95%CI1.05-1.50) compared to the septuagenarians. The location and severity of bleeding 

were the same for all ages. Eighty-five patients developed a thrombotic event. The thrombotic risk 

was higher in the nonagenarians (HR 2.14; 95%CI1.22-3.75) and octogenarians (HR 1.75; 95%CI1.002-

3.05) than in the septuagenarians. VKA control became significantly poorer with rising age. This 

partly explained the increased bleeding risk in the nonagenarians, but most of the increased 

thrombotic risk was not mediated by VKA control. The incidence of thromboses was even higher 

than of major bleeds in the octogenarians and nonagenarians.

Limitations: This study included only patients who were considered eligible for VKA.

Conclusion: Older age, even above 90 years, should in itself not be a reason to withhold anticoagulants. 
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INTRODUCTION
Vitamin K antagonists (VKA) are very effective in the prevention of venous and arterial thrombosis, 

but their major complication is bleeding1,2. Several studies have shown that the bleeding risk 

increases with age3-5. This might be partly explained by poorer VKA control, as this is an important 

determinant of the safety of VKA6-8. Other possible explanations are the increased comorbidity, 

comedication, fall risk, and susceptibility for gastrointestinal bleeds with increasing age9. 

The higher bleeding risk in the elderly makes physicians reluctant to prescribe VKA10,11. However, 

the clinical decision to anticoagulate should be modeled as a balance between the bleeding and 

thrombotic risk. As the latter is also higher in the elderly12, more thrombotic events can be prevented 

by the use of anticoagulants. Consequently, it could very well be that a higher bleeding risk should 

be accepted in favor of less thrombotic events. 

The RIETE registry study showed that venous thromboembolism (VTE) patients over 80 years 

have a higher risk to die from recurrent VTE than from fatal bleeding while on VKA13. Moreover, 

the BAFTA-trial demonstrated that atrial fibrillation (AF) patients over 75 years still benefit from 

anticoagulant treatment14. These data confirm that elderly should be treated with anticoagulants 

if they have a stringent indication. However, it is unclear whether these recommendations can be 

extrapolated to the nonagenarians as well, as they were still underrepresented in these studies. 

Therefore, it is essential to know how the bleeding and thrombotic risk during VKA therapy 

develop after the age of 70 years. This was analyzed in a large cohort study of patients treated with 

VKA at Certe Thrombosis Service Groningen, The Netherlands. 

METHODS
Study design

From the patients treated at Certe Thrombosis Service Groningen between January 2009 and 

June 2012, we selected all nonagenarians (≥90 years). We formed two cohorts; one of newly 

referred patients (inception cohort) and one with all other patients (long-term cohort). We used a 

matched cohort design to include all information of the nonagenarians, at the same time limiting 

the total number of patients to enable thorough adjudication of endpoints. Every nonagenarian 

was randomly matched to one octogenarian (80 -89 years) and one septuagenarian (70-79 years).

Matching was based on whether the patient belonged to the inception or long-term cohort, and on 

the date that the study follow-up started for that individual patient. There were no exclusion criteria. 

Data collection

Patient and treatment characteristics were collected from the computerized records of the 

Thrombosis Service. These included, age, sex, type of VKA, date of referral to the Thrombosis Service, 

indication, INR values, dates of INR measurements, therapeutic range, and mean number of tablets 

per day. Furthermore, the physicians of the Thrombosis Service prospectively registered all bleeding 

events, thrombotic events, permanent treatment discontinuations at Thrombosis Service Groningen 
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(including migration), and deaths. Also, a letter with the request for additional information was 

routinely sent to the general practitioner in case of death, or if there was any indication of stroke 

or major bleeding. Subsequently, strokes were classified into hemorrhagic/ischemic/unspecified. 

In addition, it was registered if death was caused by bleeding, VTE, stroke or myocardial infarction. 

The therapeutic range for the treatment of AF and VTE was INR 2.0-3.5, as routinely applied in the 

Netherlands 15. Individual patients could have a therapeutic range of INR 2.5-4.0 if they were treated 

for another indication, or if their therapeutic range was raised by their treating physician. 

As this study concerns retrospective research, no further Institutional Review Board approval 

was needed according to Dutch law. All data were entered into a password-protected database. 

Protection of a patient’s identity was guaranteed by assigning study-specific unique patient 

numbers.

Outcome definition

The primary endpoint was a composite of clinically relevant non-major and major bleeds. The 

secondary endpoints were major bleeds including hemorrhagic stroke, death related to bleeding 

or thrombosis, thrombotic events (myocardial infarction, ischemic and unspecified stroke, and 

VTE), permanent treatment discontinuation due to bleeding problems, and quality of VKA control 

(individual time in the therapeutic range (iTTR) and variability of INRs (variability)). 

Clinical events were adjudicated by two experienced physicians (HK, AC) who were blinded 

to age. In case of doubt a third physician (MP) was consulted. Major bleeds were fatal bleeding, 

symptomatic bleeding in a critical organ, bleeding causing a fall in hemoglobin level of ≥20 g/L, 

and/or bleeding leading to transfusion of ≥2 units blood16.  Clinically relevant bleeds were bleeding 

events that did not meet the criteria for major, but did lead to a medical intervention, unscheduled 

contact with a physician and/or cessation of anticoagulant therapy. Strokes and ‘deaths related 

to bleeding or thrombosis’ were adjudicated according to the registry of the Thrombosis Service, 

as these events were already prospectively adjudicated by their physicians. VTE and myocardial 

infarction were adjudicated based on the information in the patient record, which included data 

on the indications for VKA, interventions, hospital admissions, and changes in medication. Whether 

permanent discontinuation of VKA was related to bleeding problems was received from the general 

practitioner, and adjudicated accordingly. Individual time in the therapeutic range was calculated 

by the method of Rosendaal, based on the patient specific therapeutic range (INR 2.0-3.5 or 2.5-

4.0)17. Variability, the degree to which INRs differed from the previous INR, was determined by the 

formula of Cannegieter7. 

Statistics

We described the baseline characteristics stratified by age group. The relation of age with the 

time to first event was analyzed using Cox models, septuagenarians being the reference group. 

Follow-up ended at permanent treatment discontinuation, death or June 2012, whichever came 
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first. For all endpoints, subgroup analyses for the inception and long-term cohort were performed. 

For the primary endpoint, also subgroup analyses with respect to the indication for VKA (AF and 

VTE), sex and the target range were performed. In addition, we determined whether the potential 

relation between age and the bleeding and thrombotic risk was mediated by VKA control. Lastly, we 

compared the incidence of major bleeds and thromboses within age groups. 

RESULTS
Patient characteristics

Of the 26,089 patients who were treated between January 2009 and June 2012 at Certe Thrombosis 

Service Groningen, 1,109 were ≥ 90 years. Of these patients, 385 (35%) belonged to the inception 

cohort and 724 (65%) to the long-term cohort. All nonagenarians were 1:1:1 matched to 1,100 

octogenarians (80 - 89 years) and 1,104 septuagenarians (70 – 79 years), thus matching failed for 14 

patients. The long-term patients had a median treatment duration at start of study of 4.7 years. As 

expected, with rising age the proportion of females increased (Table 1). AF was the most prevalent 

indication for all ages. Only a small proportion (16%) of patients had the higher therapeutic range of 

INR 2.5-4.0. This proportion decreased with age. 

Table 1: Patient characteristics by age group 

70-79 years 80-89 years ≥ 90- years

No. of patients 1104 1100 1109

Mean age in years 75.1 84.4 92.6

Female no. (%) 458 (41) 651 (59) 810 (73)

Primary indication for VKA no. (%)

     -  Atrial fibrillation 704 (64) 786 (71) 795 (72)

     -  Venous thromboembolism 148 (13) 124 (11) 136 (12)

     -  Myocardial infarction/ coronary disease 68 (6) 43 (4) 30 (3)

     -  Heart failure 24 (2) 21 (2) 21 (2)

     -  Valve disorder 57 (5) 34 (3) 14 (1)

     -  Stroke/TIA without AF 18 (2) 23 (2) 18 (2)

     -  Arrhythmia other than AF 19 (2) 11 (1) 22 (2)

     -  Prophylaxis 10 (1) 15 (1) 23 (2)

     -  Other 56 (5) 43 (4) 50 (5)

Therapeutic range no. (%)

     -  INR 2.0-3.5 856 (78) 918 (83) 1001 (90)

     -  INR 2.5-4.0 248 (22) 182 (17) 108 (10)

Acenocoumarol no. (%) 1063 (96) 1069 (97) 1085 (98)

Percentages may not total 100 because of rounding. 
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Comparison of bleeds between age groups

The 713 patients (22%) with at least one bleed had in total 986 clinically relevant non-major and 

64 major bleeds (Table 2). The event rate per 100 patient years was based on all 1050 bleeds, and 

was lowest for the septuagenarians 14.8 (95% confidence interval [CI] 13.3 – 16.4), followed by the 

octogenarians 16.7 (CI 15.0 – 18.4) and highest in the nonagenarians 18.1 (CI 16.2 – 20.2). Bleeds 

were most often localized at the skin (31%), nose (21%), urogenital tract (18%) and gastrointestinal 

tract (16%), which was the same for all ages. 

In line with the somewhat higher event rate, nonagenarians had a mildly increased bleeding 

risk (hazard ratio [HR] 1.26; CI 1.05-1.50), as compared to septuagenarians. The bleeding risk of the 

octogenarians (HR 1.07; CI 0.89-1.27) was comparable with the septuagenarians. Outcomes of the 

several subgroup analyses regarding sex, indication, treatment duration and target range, did not 

differ essentially from the main analysis (Table 3). 

Table 2: Clinical endpoints 

70-79 years 80-89 years ≥ 90 years

No. of patients 1104 1100 1109

Years of observation 2386 2264 1769

Total number of bleeding events  (major) 353 (22) 377 (22) 320 (20)

     -  Skin 89 (0) 120 (0) 118 (1)

     -  Nose 67 (0) 79 (0) 70 (0)

     -  Urogenital tract 77 (0) 67 (1) 41 (1)

     -  Gastrointestinal tract 59 (6) 59 (7) 54 (12)

     -  Conjunctiva 18 (0) 17 (0) 15 (0)

     -  Lung 10 (0) 15 (1) 11 (1)

     -  Intracranial 11 (11) 10 (10) 5 (5)

     -  Others 22 (5) 10 (3) 6 (0)

Total number of thrombotic events 20 33 32

     -  Ischemic stroke 8 10 14

     -  Unspecified stroke 1 7 10

     -  VTE 1 0 2

     -  Myocardial infarction 10 16 6

Total number of deaths 172 272 482

     - Death, related to bleeds or thromboses 18 18 36

            - Due to  a bleed 11 12 12

            - Due to a thrombosis 7 6 24

Number of permanent discontinuations 10 20 23

due to bleeding problems
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The occurrence of major bleeding (HR 1.20; CI 0.65-2.22), and fatal bleeding (HR 1.32; CI 0.58-

3.01) was not significantly higher in the nonagenarians than in the septuagenarians. Bleeding events 

led more often to discontinuation in the octogenarians (HR 2.07; CI 0.97-4.42) and nonagenarians 

(HR 2.83; CI 1.34-5.95) than in the septuagenarians.

Table 3: Cox regression models for bleeds, including subgroup analyses

80-89 years * ≥ 90 years *

HR 95% CI HR 95% CI

Total cohort 1.07 0.89 – 1.27 1.26 1.05 – 1.50

- Inception cohort 0.99 0.69 – 1.40 1.13 0.80 – 1.61

- Long-term cohort 1.09 0.89 – 1.34 1.30 1.05 – 1.60

- Male 1.26 0.99 – 1.61 1.71 1.30 – 2.24

- Female 0.94 0.72 – 1.23 1.11 0.86 – 1.43

- AF 1.06 0.85 – 1.32 1.37 1.10 – 1.70

- VTE 1.04 0.58 – 1.84 1.52 0.90 – 2.57

- Therapeutic range 2.0-3.5 1.07 0.87 – 1.31 1.33 1.09 – 1.63

- Therapeutic range 2.5-4.0 1.13 0.78 – 1.63 1.00 0.63 – 1.59

HR = hazard ratio; 95% CI = 95% confidence interval
*The reference group is 70-79  years

Comparison of thrombotic events between age groups

There were 85 patients (2.6%) with a thrombotic event, none of them had multiple thromboses. 

The risk of developing a thrombosis was higher in the nonagenarians (HR 2.14; CI 1.22-3.75) 

and octogenarians (HR 1.75; CI 1.002-3.05) than in the septuagenarians. The subgroup analyses 

showed a more pronounced risk in the inception cohort (HR 5.57; CI 1.22-25.4 and HR 5.00;CI 1.10-

22.8, respectively) than in the long-term cohort (HR 1.74; CI 0.93-3.25 and HR 1.38; CI 0.74-2.55, 

respectively). When focusing on the thrombotic events for which VKA are most effective (VTE and 

stroke), the risk estimates of the nonagenarians (HR 3.45; CI 1.66 -7.18) and octogenarians (HR 1.79; 

CI 0.82 – 3.92) did not change essentially. Again, this was more pronounced in the inception (HR 

9.93; CI 1.26 – 78.4 and HR 7.00; CI 0.86 - 56.9, respectively) than in the long-term cohort (HR 2.72; CI 

1.21 – 6.12 and HR 1.20; CI 0.49 – 2.94, respectively). The risk of thrombosis related death was also 

increased in the nonagenarians (HR 4.53; CI 1.94-10.5) compared to the septuagenarians. 

Comparison of VKA control between age groups

The control of iTTR and variability became significantly poorer with rising age (Table 4). A higher 

perceived bleeding risk in the eldest patients could have led to a more cautious anticoagulant 

treatment with a lower target INR and consequently more underanticoagulation. However, the time 

under and above the range remained well balanced, and the mean INR was highly comparable for 

all ages. 
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Adding variability and iTTR to the bleeding model reduced the hazard ratio of the nonagenarians 

from 1.26 to 1.11 (CI 0.92-1.33) (Table 5). Hence part of the bleeding risk in the nonagenarians 

was mediated by poorer VKA control. In contrast, most of the increased thrombotic risk was not 

mediated by VKA control, as the hazard ratio remained 1.85 (CI 1.04-3.27) for the nonagenarians and 

1.64 (CI 0.94-2.87) for the octogenarians after adding VKA control to the Cox model. 

Comparison of the incidence of bleeding and thrombotic events within age groups

In the septuagenarians, the incidence (per 100 patient-years) of major bleeds (0.88; CI 0.56 – 1.33) 

was comparable to the incidence of thrombotic events (0.85; CI 0.53 – 1.28). In contrast, in the 

nonagenarians and octogenarians the incidence of thrombotic events (1.82; CI 1.27 – 2.54 and 1.48; 

CI 1.04 – 2.05, respectively) was higher than that of major bleeds (1.13; CI 0.71 – 1.72 and 0.97; CI 

0.63 – 1.45, respectively). The median follow-up time to the development of a major bleed was 8.6 

months (interquartile range 3.9 – 19.5), and for the thrombotic events 14.5 months (interquartile 

range 6.2 – 23.0).

Table 4: VKA treatment characteristics

70-79 years 80-89 years ≥ 90 years

Mean iTTR 73.5 71.1 66.4

Mean time above the therapeutic range 14.5 15.1 17.4

Mean time below the therapeutic range 12.0 13.7 16.2

Mean INR 2.93 2.90 2.93

Median variability 0.61 0.78 1.01

Mean weeks between INR measurements 2.6 2.5 2.3

Mean number of tablets 2.3 1.9 1.6
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DISCUSSION
We studied the relation between age and bleeding and thrombotic risk in VKA users over 70 years. 

This large cohort study showed that the bleeding frequency was not increased in the octogenarians, 

and only mildly increased in the nonagenarians, compared to the septuagenarians. The severity 

and location of bleeding were the same for all ages. The thrombotic risk of the nonagenarians and 

octogenarians was remarkably higher and more often fatal than in the septuagenarians, especially 

in patients who just started VKA treatment. Additional analyses regarding the role of VKA control 

showed that the increased bleeding risk in the nonagenarians was partly explained by poorer VKA 

control. In contrast, the increased thrombotic risk was mostly independent from VKA control. The 

absolute thrombotic risk outweighed the bleeding risk in the octogenarians and nonagenarians. 

The rate of non-major clinically relevant bleeding was comparable to the ISCOAT-study4. The rate 

of major bleeding events was relatively low in our study, which could be explained by the inclusion 

of a large proportion of long-term users and the relatively broad criteria for major bleeding in some 

of the other studies4,5,13,14. 

We compared three well-defined age groups and showed that the bleeding risk stabilized in the 

octogenarians, and subsequently only mildly increased in the nonagenarians. This was in line with 

the findings of Poli and colleagues, but they compared only two age groups5. Many other studies 

compared patient groups with wide ranges of age13,18, or ended up with too low numbers within 

the strata14. 

Table 5: Multivariable Cox regression models for bleeds and thrombotic events adjusted for VKA 
control   

Bleeds Thrombotic events

HR 95% CI HR 95% CI

Septuagenarians 1.00 – 1.00 –

Octogenarians 1.01 0.85 – 1.21 1.64 0.94 – 2.87

Nonagenarians 1.11 0.92 – 1.33 1.85 1.04 – 3.27

Individual time in the therapeutic range

Q4:  > 84% 1.00 – 1.00 –

Q3:  75 – 84% 1.23 0.99 – 1.53 1.01 0.52 – 1.95

Q2:  61  – 74% 1.00 0.79 – 1.28 1.12 0.57 – 2.22

Q1:  <61 % 1.42 1.09 – 1.83 1.17 0.55 – 2.49

Variability

Q1: < 0.38 1.00 – 1.00 –

Q2: 0.38 – 0.77 1.21 0.97 – 1.52 1.60 0.78 – 3.28

Q3: 0.77 – 2.05 1.38 1.08 – 1.75 2.13 1.02 – 4.45

Q4: > 2.05 1.70 1.31 – 2.19 2.08 0.94 – 4.61

HR=hazard ratio; 95% CI = 95% confidence interval; Q = quartile. 
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The higher bleeding risk of the nonagenarians compared to the septuagenarians became non-

significant after adjustment for quality of VKA control. The higher risk seemed thus partly associated 

with poorer VKA control and partly with age associated fragility. The clearly increased thrombotic 

risk in the octogenarians and nonagenarians persisted after adjustment. It is unlikely that this 

high thrombotic risk was caused by a general lack of efficacy of VKA14. Thus, physicians probably 

prescribed VKA to a selection of patients aged over 80 years with a high thrombotic risk. The higher 

absolute number of thrombotic events than major bleeding events supports this hypothesis. 

One of the limitations of this study was that patients who were considered to have a too high 

bleeding risk to use anticoagulants were, naturally, not included in our study. However, this might 

only have been a problem if physicians could predict the bleeding risk. This can be questioned as 

the predictive value of classical risk factors, such as history of bleeding or falls, proved very limited 

within the group of elderly19. Secondly, results were based on patients who were registered at the 

thrombosis service, thus the selection of patients who did not die or discontinue VKA treatment 

prior to referral to the Thrombosis Service. Thirdly, the cause of some strokes remained unspecified 

despite thorough prospective adjudication. In line with common practice, the unspecified strokes 

were assumed to be ischemic in the analyses. Lastly, inherent to the retrospective design, only data 

previously collected by the Thrombosis Service were available. Fortunately, all bleeding events, 

strokes and deaths are registered prospectively by the Thrombosis Service as mandatory part of the 

Dutch quality system. 

The strengths of this study included the real-life data, the thorough adjudication of endpoints, 

the lack of exclusion criteria, and the large cohort size. The latter enabled us to perform separate 

analyses in the inception and long-term cohort. In this way we could analyze the effect of age in 

two situations: elderly who started to use VKA and in aging patients who were already using VKA. 

Moreover, the inception cohort enabled us to estimate the bleeding risk of VKA initiation without 

survivors bias. The lack of exclusion criteria and the comparable findings in the several additional 

subanalyses endorse the generalisability of our findings. 

Although physicians may believe that the bleeding risk keeps rising with age, we found that 

the risk stabilized in the octogenarians and only mildly increased in the nonagenarians. One of the 

possible explanations is that bleeding risk does constantly rise with age within patients, but that 

the eldest patients are a natural selection of less frail ones: a survivors-cohort. Another explanation 

is that the increased bleeding risk is counterbalanced by extra precautions such as the prescription 

of  proton-pump inhibitors or fall prevention. Irrespective of the underlying mechanism, our data 

suggest that the recommendations to use anticoagulants above 80 years can be safely extrapolated 

to the eldest patients as well. Therefore, older age, even above 90 years, should in itself not be a 

reason to withhold anticoagulants.
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