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In this discussion section we will summarise the main results of this thesis and possible 
implications of the findings, discuss methodological considerations and focus on future 
perspectives in the AT-AGE study.

In chapter 2 we provided an overview of the available publications (up to 2010) on the 
effect of conventional risk factors as well as age-specific risk factors for venous throm-
bosis in the older population. Many conventional risk factors for venous thrombosis 
established in the young and middle-aged population appeared to increase the risk of 
thrombosis in the older population as well. Previous reports showed that immobilisation 
by hospital admission, malignant diseases, heart failure and genetic mutations ((factor 
V Leiden (FVL, rs6025) and prothrombin 20210A mutation (PT20210, rs1799963)) are risk 
factors for venous thrombosis in older individuals. As the prevalence of acquired risk fac-
tors is higher in the older than in the younger population we found higher population 
attributable risks (PAR). However, it must be noted that most risk estimates in the older 
population were based on studies with a small sample size or on subgroup analyses. 
Furthermore, only a limited number of studies concerning age-specific risk factors such 
as functional decline and endothelial dysfunction have been published. So, there was 
limited knowledge regarding risk factors for venous thrombosis in the older popula-
tion. In order to study the effect of conventional and age-specific risk factors for venous 
thrombosis in the older population, the “Age and Thrombosis, Acquired and Genetic risk 
factors in the Elderly” (AT-AGE) study was performed. The AT-AGE study is a population 
based case-control study among individuals aged 70 years and older for whom home 
visits were performed. [1]

In chapter 3 we demonstrated that short-term immobility at home, e.g., due to minor 
injuries or infections, is a risk factor for venous thrombosis in the older population (2- to 
5-fold increased risk). Furthermore, we illustrated that also hospitalisation is a major risk 
factor in older individuals, similar as in the young and middle aged individuals. Recent 
hospital discharge was identified as a risk factor, as the risk of venous thrombosis within 
two weeks after hospitalisation was still increased up to 15-fold. Surgery and plaster 
cast increased the risk of thrombosis up to 7-fold and fractures increased the risk up to 
13-fold. We demonstrated that the relative contribution of in-hospital immobility and 
out-hospital immobility to the incidence of venous thrombosis is high. Preventive drugs, 
i.e., thrombosis prophylaxis with low-molecular weight heparin is frequently given to 
older individuals during hospitalisation. [2] Our results indicate that extended thrombo-
prophylaxis after discharge may be beneficial. This notion is supported by results from 
the EXCLAIM trial, which included individuals aged 75 years and older. [3] Prolonged du-
ration of treatment after discharge reduced thrombosis rates (absolute difference in the 
30 days thrombosis rate −4.2% [95% CI: −6.5-2.0]) but this came at the cost of increased 
bleeding rates (30 days event rate: 0.5-0.8%). Prolonged use of thromboprophylaxis may 
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be justified in older individuals who are at particularly high risk of venous thrombosis 
in whom the benefit of treatment will outweigh the risk of major haemorrhage. Future 
studies need to carefully examine for which patients and risk circumstances the balance 
of treatment would be beneficial.

In chapter 4 we showed that genetic risk factors also play a role in the risk of venous 
thrombosis in older individuals. Factor V Leiden (FVL, rs6025) and the prothrombin 
20210A mutation (PT20210, rs1799963) increased the risk of thrombosis 1.5 to 2-fold 
in the older population. Also a positive family history of venous thrombosis remained 
associated with an increased risk of venous thrombosis in 70 years and older individuals 
(OR 2.3, 95% CI 1.6-3.3) These results indicate that genetics play a role in the etiology of 
venous thrombosis in older people, and that the effect is not limited to the young.

In chapter 5 and 6 we showed that age-specific risk factors are relevant in the devel-
opment of thrombosis. Venous stasis, a risk factor for thrombosis described already by 
Virchow, can be present due to diminished venous function or a damaged venous wall, 
causing venous insufficiency. Clinical features of venous insufficiency increased the risk 
of thrombosis in individuals aged 70 years and older. Varicose veins were associated 
with a 1.6-fold increased risk of venous thrombosis, and both a leg ulcer and leg oedema 
increased the risk of thrombosis 3-fold. The combination of these three clinical features 
showed a 10-fold increased risk of thrombosis compared to none of the clinical features. 
These increased risks could not be explained by the presence of other major risk factors 
of thrombosis in the older population, such as recent hospitalisation and surgery. We 
showed in chapter 6 that an impaired functional status, more specifically the disability 
to perform activities of daily living, having an impaired mobility, having a sedentary life, 
or an impaired hand grip strength were associated with a 2- to 4-fold increased risk of 
thrombosis. Therefore, in the older population not only short term immobility due to 
hospitalisation and minor injuries, (chapter 2), but also a long term state of decreased 
mobility and functioning was shown to increase the risk of thrombosis.

methodoloGiCAl ConsiderAtions of the At-AGe study

In the AT-AGE study we achieved high participation rates in cases (69%) and control 
subjects (73%) for questionnaires combined with blood sampling at first visit (chap-
ter 3). In chapter 7 we demonstrate that performing home visits rather than inviting 
participants to a study centre is an effective approach to increase the participation rate 
of older patients in research studies. Home visits enabled us to conduct an extensive, 
structured interview and to obtain a blood sample. We were able to visit less mobile 
individuals which diminished the threshold for participating. However, immediate pro-
cessing of blood samples in the laboratory is not feasible when conducting home visits. 
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For this reason we determined optimal sample handling, i.e., blood sample storage time 
and temperature prior to centrifugation with regard to the measurement of coagulation 
factor levels at a later stage in the study (chapter 8). We concluded that determina-
tion of coagulation factor levels was reliable when blood samples were stored at room 
temperature for up to 2.5 hours.

In the AT-AGE study, individuals with an active malignancy were excluded. Exclusion 
of individuals with an active malignancy preserved internal validity, as we anticipated 
that control subjects with an active malignancy would be less likely to participate in 
a research study than cases who suffered from a malignant disease. Moreover, selec-
tion bias was a potential problem due to recruitment of cases in the Netherlands via 
anticoagulation clinics, which only treat patients with vitamin K antagonists. Since 2007, 
patients with venous thrombosis and a malignancy are increasingly using low-molecular 
weight heparin injections instead of vitamin K antagonists, which would have led to an 
undersampling of venous thrombosis patients with a malignancy. [2]

In each case-control study there is a chance of recall bias. The risk of recall bias is not 
similar for all risk factors in our study. A risk factor such as a history of oedema of the 
legs in DVT patients probably has a higher chance to be affected by recall bias than 
the presence of more severe diseases such as leg ulcera. We performed standardised 
interviews by trained personnel, instead of a questionnaire by mail, which enabled us to 
clarify the questions for each participant, and determine more precisely the presence of 
risk factors in cases and control subjects. With this we reduced the chance of recall bias 
occurring in the AT-AGE study.

Relative risks found in etiological research within the older population tend to be 
lower than relative risks found in a younger population, due to the higher baseline risk 
of diseases in the older population. To be able to compare the relative influence of a risk 
factor on the incidence of venous thrombosis between the younger and the older popu-
lation, we assessed the population attributable risk (PAR). This enabled us to identify risk 
factors for venous thrombosis that exhibit major consequences on a population level, 
albeit with a mild relative risk of thrombosis.

future PersPeCtiVes

Multimorbidity is frequently present in the older population, and therefore it would be 
useful to evaluate within the AT-AGE study population, the role of the medical history 
of diseases in the older individuals. For example, it could be hypothesised that arterial 
disease, lung disorders such as chronic obstructive pulmonary diseases (COPD), chronic 
kidney disease, or hypothyroidism influence the risk of thrombosis in older individuals. 
Recent analyses in the AT-AGE study show that individuals with COPD have a 1.8-fold 
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increased risk of thrombosis compared with individuals without COPD (CI95 1.1-2.9: 1.1-
2.9). (Karasu et al, manuscript in preparation) Furthermore, it is currently not known what 
the effect is of multimorbidity on the risk of thrombosis, i.e., is interaction between these 
risk factors present? More insight into medication use as a potential risk factor or as a 
preventive factor for thrombosis in the older population is needed, as polypharmacy is 
frequently present in the older population. For instance, the potential protective effect 
of statin use on thrombosis risk in the older population could be determined. With age, 
plasma levels of many hemostatic factors are increasing, such as of fibrinogen, FVIII, FVII, 
D-dimer and homocysteine. [4,5] With the AT-AGE study we will gain insight in the role 
of these elevated levels of coagulation factors and the risk of venous thrombosis in the 
older population. In the younger population a venous thrombotic event most frequently 
presents itself as a DVT, whereas in the older population PE is more frequently diagnosed. 
[6] PE and DVT have long been thought to have the same etiology. However, recently 
it was shown that risk factors for DVT and PE sometimes differ. [7] The Factor V Leiden 
paradox is the well-established notion that this genetic variant affects predominantly 
the risk of DVT and not of PE. Lung disorders such as pneumonia and COPD, however, 
are risk factors for PE, but have little or no effect on DVT in the middle-aged population. 
A similar difference was recently demonstrated in the 70 years and older population of 
the AT-AGE study (COPD: ORPE 2.5, 95%CI: 1.4-4.3; ORDVT 1.0, 95%CI: 0.5-2.1). (Karasu et al, 
manuscript in preparation) In older individuals it would be interesting to define more risk 
factors specifically for PE, as PE is more common and is associated with higher mortality 
rates as compared to DVT. [6]

Follow up of the participating patients in the AT-AGE study has taken place one 
year after the thrombotic event when we revisited the patients and obtained data 
from questionnaires and a blood sample. With these data, we will able to evaluate the 
prevalence and severity of the post-thrombotic syndrome in patients aged 70 years 
and older. Furthermore, the effect of the occurrence of venous thrombosis on the qual-
ity of life within older individuals can be evaluated. It will be interesting to perform 
additional follow-up of the AT-AGE study patients and focus on the recurrence risk of 
thrombosis, the development of co-morbidities, and the mortality risk after thrombosis 
at higher age.

In a separate project, patients with deep venous thrombosis of the leg (n= 76) and 
control subjects (n=97) of the AT-AGE study are included to study the process of ageing 
of the venous valves (valve thickness and function) and the risk of venous thrombosis 
(BATAVIA study). (Karasu et al, manuscript in preparation) These subjects underwent an 
ultrasound examination of the venous valves in the popliteal veins.

In general, future research should focus on the use of preventive measures of venous 
thrombosis within the highest risk groups in the older people. In this thesis we indicate 
that extended thromboprophylaxis might be beneficial in older individuals who are at 
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high risk of thrombosis. However, the risk of major hemorrhage needs to be taken into 
account. The role of direct oral anticoagulant (DOAC) drugs within specific risk groups 
can be explored. These DOACs are used as thromboprophylaxis in orthopedic surgery. 
However, beneficial effects on prevention of venous thrombosis in the older popula-
tion are currently unknown. The ADOPT trial showed that apixaban was associated with 
more major bleeding events than enoxaparin in middle aged and older people (>40 
years). [8] Moreover, an antidote is not yet available. Other medications that have been 
suggested to prevent thrombosis are aspirin and statins. Aspirin may be a good option 
for prevention in the older population. [9] The preventive effect is lower than that of 
low molecular weight heparin and oral anticoagulants; however, the bleeding risk is 
low. If further research confirms the protective effect of statins, this would be, if well-
tolerated by the patients, an elegant alternative in the prevention of thrombosis in the 
older population. [10,11] The effect of preventive measures for thrombosis other than 
medication, such as compression stockings, frequent ambulation, or the use of electrical 
calf muscle stimulation are important targets of future research in the older population. 
For now, physicians could advise patients with in and out-of-hospital immobility to walk 
a few times per day, or to perform exercises of the calf muscles even while being bedrid-
den, to prevent stasis. [12]

Currently,’ the primary care rule’, a clinical decision rule, is used to rule out DVT in 
primary care together with the point of care D-dimer assay. [13] Recently, it was found 
that in older patients the primary care rule showed a higher failure rate than in younger 
patients. [14] This might indicate that other predictors of thrombosis are present and 
needed in the older individuals. It would be interesting to investigate the addition of 
age-specific risk factors, such as functional impairment, short-term immobility at home, 
or minor injuries in order to improve the clinical decision rule in the older population.

ConClusions

Venous thrombosis will lead to increasing medical and economic burdens in the near 
future, given the worldwide growth of the older population. Determining risk factors 
of thrombosis specific in older individuals provides insight in opportunities to prevent 
thrombosis in this age group. Research studies in older individuals are challenging; 
however, we showed that performing home visits rather than inviting participants to 
a study centre can be an effective approach to increase the participation rate of older 
patients. In this thesis we showed that conventional risk factors such as immobilisation 
due to hospital admission and also immobility at home, due to for instance infection 
and minor injury, increase the risk of venous thrombosis also in 70 years and older 
individuals. We report the presence of age-specific risk factors: venous insufficiency and 
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functional impairment. The relative contribution of these risk factors to the incidence 
of venous thrombosis in this population is high. We identified new high risk groups in 
older people, e.g., recent hospital discharge in which preventive measures could be 
of special interest. In the upcoming years the AT-AGE study will provide information 
on additional risk factors for venous thrombosis in the older population. With further 
identification of risk factors and high-risk groups within the older population we can 
put effort into research focusing on adaptation of diagnostic rules and the safe use of 
preventive measures.
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