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AbstrACt

background

Venous thrombosis incidence increases with age. The role of age-specific risk factors in 
thrombosis etiology at older age, such as functional impairment, is unclear.

objective

Assess the thrombotic risk associated with functional impairment, defined as impaired 
activities of daily living (ADL), impaired mobility, sedentary lifestyle, and low handgrip 
strength.

methods

The AT-AGE study is a two-centre case-control study conducted in the Netherlands and 
the USA (2008-2011). Consecutive cases (n=401) aged 70 years and older with a first-
time deep venous thrombosis in the leg or pulmonary embolism and control subjects 
≥70 years (n=431) without a history of thrombosis were included. Exclusion criteria were 
active malignancy and severe cognitive disorders. Estimations of the risk of thrombosis 
associated with two or more impaired Katz ADL items, inability to walk outside for 15 
minutes, sedentary life style (>20 hours per day) and low handgrip strength (<15%) 
were performed. Odds ratios (ORs) adjusted for age, sex, and study centre with 95% 
confidence intervals (CI95) and population attributable risks (PAR) were calculated.

results

Impaired ADL was associated with a 2.9-fold (CI95 1.6-5.3) increased risk of venous 
thrombosis, impaired mobility with a 3-fold (OR 3.0 (CI95 1.9-4.7)), a sedentary lifestyle 
with a 4-fold (OR 4.0 (CI95 2.5-6.3)) and low handgrip strength with a 2.3-fold (CI95 1.5-
3.4) increased risk of thrombosis. The PARs for ADL disability, inability to walk outside 
for 15 minutes, sedentary lifestyle, and low hand grip strength were 8%, 13% 29%, and 
13%, respectively.

Conclusion

In those over 70 years of age, functional impairments are major risk factors for venous 
thrombosis. Findings may have important implications for awareness of venous throm-
bosis risk by providers caring for older people.
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introduCtion

The incidence of venous thrombosis increases steeply with age. [1] The oldest old have 
a 100-fold increased risk of venous thrombosis compared with young people, thus age 
is one of the most important risk factors. It is unclear why ageing leads to an increased 
incidence of thrombosis, and it is remarkable that few data are available on risk factors 
that are almost exclusively present in older individuals, i.e., age-specific risk factors. [2] 
With ageing a decline in physiological functioning occurs with an increased susceptibil-
ity to functional impairments. Functional impairment predisposes to adverse health out-
comes including death. [3-5] Functional impairment is associated with an inflammatory 
state, which promotes pro-coagulation [6], so functional impairment associated with 
ageing could result in an increased risk of venous thrombosis. Functional impairment is 
also associated with reduced mobility [3] An increased risk of thrombosis with mobility 
impairment would be expected based on the detrimental effects on muscular pump 
function and subsequent stasis of blood flow in the lower extremities. [6]

To study whether impaired functional status is an age-specific risk factor for venous 
thrombosis, we evaluated the associations between impaired functional status, ex-
pressed as disability of activities of daily living (ADL), impairment of mobility, sedentary 
lifestyle, and impaired hand grip muscle strength, and the occurrence of venous throm-
bosis in individuals aged 70 years and older.

methods

A detailed description of the Age and Thrombosis - Acquired and Genetic risk factors in 
the Elderly (AT-AGE) study has been published previously. [7] In brief, AT-AGE is a two-
centre population-based case-control study among individuals aged 70 years and older 
to determine risk factors for venous thrombosis in the older population. Individuals 
aged 70 years and older with a first occurrence of deep vein thrombosis of the leg (DVT) 
and/or pulmonary embolism (PE) were enrolled in the Leiden area (the Netherlands) 
and Burlington (Vermont, United States). Control subjects were randomly selected from 
several primary care practices in the same geographical area as the cases. For both the 
cases and the control subjects, exclusion criteria were the presence of an active malig-
nancy and psychiatric or cognitive disorders that hindered communication during the 
first contact. All participants provided written informed consent and gave permission to 
obtain information about their medical history. The study was approved by the Medical 
Ethical Committee of the Leiden University Medical Centre and by the Committee of 
Human Research of the University of Vermont. In Leiden, 504 cases were invited and 341 
(68%) participated. In Burlington, 115 cases were invited and 62 (54%) participated. Of 
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the 407 invited control subjects in Leiden, 306 (75%) participated, while in Burlington 
127 (65%) of the 196 invited control subjects participated. [7] The index date for the 
cases was defined as the date of diagnosis of the thrombotic event and for control sub-
jects, this was the date of completing the interview. At enrollment, a structured detailed 
interview took place at the participant’s home. The median duration between the index 
date and the home visit for the cases was 5 weeks (range 1–44 weeks), 75% were visited 
within 7 weeks, and 90% were visited within 10 weeks.

We used four instruments during the home visit to ascertain functional status prior to 
the index date. For ADLs we used the Katz Index [8] which includes questions on whether 
the participant was independent in six daily activities by yes/no answers: bathing, dress-
ing, toilet use, transferring in and out of bed, eating, and presence of urinary or bowel 
incontinence. The range of the impairment score can be 0 of 6 (no ADL impairment) to 
6 of 6 (fully ADL impaired). We used two items of the Barthel index to assess impairment 
of mobility; ability to walk outside for 15 minutes and ability to climb stairs. [9] We also 
estimated sedentary lifestyle by querying participants about the percentage of time 
spent sleeping and sitting per day during the two weeks before the index date. [10,11] 
Measurement of hand grip strength was performed twice in the dominant hand using 
a Jamar dynamometer, with the highest result used. [12] Weight was measured with a 
calibrated scale and height was measured. Body-mass index was calculated in kg per 
m². We also obtained information about the presence of other diseases such as a history 
of myocardial infarction and chronic obstructive pulmonary disease, and about other 
risk factors for venous thrombosis including recent hospitalisation, surgery, fracture, 
plaster cast or splint use, and minor injury or immobilisation. [7] A provoked event was 
defined when one of the following conditions was present in the three months before 
the thrombotic event: recent hospitalisation, surgery, fracture, plaster cast or splint use, 
minor injury or immobilisation in the home situation.

Analyses

We included cases and control subjects who completed the interview (401 of the 403 
cases and 431 of the 433 control subjects). Characteristics of the control subjects were 
tabulated by study centre. We estimated the risk of venous thrombosis associated with 
the following expressions of the Katz ADL instrument: ‘yes’ versus ‘no’ to each of the 
6 items of the Katz score, ADL disability present, defined as ≥ two impaired Katz ADL 
items compared to no impairment and for ≥ 3 impairments versus none. Impairment 
of mobility was present if an individual was not able to walk outside for 15 minutes. [9] 
Impairment of mobility was also separately analysed measured by the ability to climb 
stairs. A sedentary lifestyle was analysed by comparing individuals who spent 14 hours 
or less sleeping or sitting (20th percentile in the control subjects) with individuals who 
spent 20 hours or more sleeping or sitting (80th percentile in the control subjects). We 
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also considered tertiles of the hours of sedentary time, with the lowest tertile as the 
reference category. As handgrip strength is sex dependent, we assessed risk by compar-
ing participants below versus above the sex-specific 15th percentile hand grip strength 
in the control group (<26 kg in men, and <16 kg in women). [13,14] We also assessed 
handgrip strength in sex specific tertiles based on the distribution in control subjects.

For all analyses, multivariable logistic regression models were used to estimate the odds 
ratios (ORs) and their 95% confidence intervals (CI95s) as estimates of the relative risk. All 
odds ratios were adjusted for the pre- defined potential confounders, age (continuous), 
sex and study centre. As weight loss is seen as an important marker of functional status, 
[3] further adjustments were made for BMI in three categories, <25kg/m2, 25-30 kg/m2 
and >30kg/m2). Also adjustments were performed for the presence of co-morbidities 
(a history of myocardial infarction, transient ischemic attack, stroke, heart failure, or 
chronic obstructive pulmonary disease). To assess whether the association of functional 
impairment and thrombosis varied within the three BMI groups, we performed stratified 
analyses for all four functional impairments within the three BMI groups. The risk as-
sociated with an impaired functional state was calculated for provoked and unprovoked 
venous thrombosis and DVT and PE separately. To investigate whether an accumulation 
of functional impairments would influence the risk of thrombosis, we calculated the risk 
of thrombosis associated with the number of impairments present (1-4).

To obtain insight into the contribution of impaired functional state to the incidence 
of venous thrombosis in the older population we estimated the population attributable 
risk (PAR) for each of the four functional state entities. The PAR was calculated by pd 
(OR-1)/(OR). In which pd is the prevalence of the risk factor among cases, and OR is the 
adjusted OR. All statistical analyses were performed using SPSS 20 for Windows (SPSS 
Inc, Chicago, Ill).

results

Median age was similar for control subjects in the Netherlands (76 years (range 70-94) 
and the United States (76 years, range 70-96). Distributions of sex and BMI (kg.m−2) were 
also similar between the two centres (Table 1). The prevalence of impaired functional 
status by each of the four measures was low among controls, with sedentary lifestyle 
being the most prevalent. Since no major differences in other variables were observed, 
we combined data from the two centres for all analyses.

The separate Katz ADL items were each associated with venous thrombosis. The 
adjusted ORs for impairment of bathing, getting dressed, toilet use, eating, transferring 
in and out of bed (or chair) and the presence of urinary or bowel incontinence were 
respectively: 2.0 (CI95 1.2-3.2), 3.9 (CI95 1.9-8.2), 16.1 (CI95 2.1-124.9), 5.7 (CI95 0.6-51.1) 



80 Chapter 6

13.9 (CI95 1.8-109.5), and 1.5 (CI95 1.0-2.3). In table 2, the associations of four functional 
impairment entities with venous thrombosis are presented. The risk of thrombosis in-
creased 3-fold (OR 2.9; CI95 1.6-5.3) when two or more impairments were present on 
the ADL score compared with no impairments. Impairment of mobility was associated 
with a 3-fold (CI95 1.9-4.7) increased risk. The risk of thrombosis was up to 4-fold higher 
in individuals with a sedentary lifestyle defined as ≥20 hours of sitting/sleeping than in 
the group of ≤14 hours (OR 4.0; CI95 2.5-6.3). A gradually increasing risk of thrombosis 
was also found across tertiles of hours of sedentary time. Low handgrip strength was 
associated with a 2.3-fold (CI95 1.5-3.4) increased risk of thrombosis.

Functional impairment entities were associated with BMI in the control subjects. Im-
pairment on the ADL score was lowest in the middle BMI group (1.7%) and 3.9% in the 
low, 4.3% in the high BMI group. Impairment of mobility was highest (10.6%) in the high 
BMI group. Impairment of mobility was present in 4.5% in the low BMI group, and 6.9% 
in the middle BMI group. A sedentary lifestyle was present in 17.2% in the low BMI group, 
17.5% in the middle BMI group, and 29.0% in the high BMI group. There was no associa-
tion between BMI and low hand grip strength (low: 13.5%, middle: 10.9%, high: 11.6%).

Additional adjustment for BMI did not alter the associations of any of the four func-
tional impairment measures with thrombosis risk. Stratified analyses by BMI group for all 
four functional impairment entities showed that functional impairment was associated 
with thrombosis in each group. In the lowest BMI group, impairment of the ADL score 
was associated with a 1.9 fold (CI95 0.6-5.4) increased risk, in the middle BMI group and 

table 1. Characteristics of control subjects by center

Controls nl Controls us

number of Participants 306 125

male sex (%) 147 (48) 62 (50)

median Age (range) 76 (70-94) 76 (70-96)

70-75 years (%)
75-80 years (%)
80-85 years (%)
>85 years (%)

126 (41)
90 (29)
61 (20)
29 (10)

49 (39)
39 (31)
24 (19)
13 (11)

median bmi* (range) 26 (17-42) 27 (19-49)

number of kAtZ Adl disability
0 (%)
1 (%)
2 (%)
≥ 3 (%)

253 (86.9)
38 (13)

8 (3)
6 (2)

117 (95.1)
6 (6)
2 (2)
0 (0)

inability to walk outside 15 min (%) 23 (8) 9 (7)

sedentary lifestyle (>20 h/24 h) (%) 138 (12) 18 (14)

impaired hand grip strength (%) 25 (8) 19 (15)

NL= Netherlands, US= United States
* BMI = Body Mass Index kg.m-2;



Functional impairment and risk of thrombosis 81

6

the high BMI group, a risk of 5.9 (CI95 1.7-20.8) and 2.4 (CI95 0.7-8.1) was found. Cor-
responding ORs for impairment of mobility for the three BMI groups were 3.7 (CI95 1.5-
9.1), 3.1 (CI95 1.5-6.5) and 2.2 (CI95 0.9-5.4). For a sedentary lifestyle these ORs were 3.7 
(CI95 2.0-6.6), 3.6 (CI95 2.1-6.2) and 2.8 (CI95 0.9-3.3). A low handgrip strength increased 
the risk of thrombosis in the low BMI group 2.2 fold (CI95 1.0-4.5), 1.6 fold (CI95 0.8-3.3) 
in the middle group, and 2.9 (CI95 1.2-7.0) in the high BMI group.

Associations between the impairments and thrombosis risk were similarly present 
after adjustments for the presence of co-morbidities. (table 2) Functional impairment 
was associated with an increased risk of both DVT and PE. Presence of two or more im-

table 2. Associations of functional impairment with venous thrombosis

functional impairment 
type˦ Cases Controls

or crude
(Ci95)

or adj*
(Ci95)

or adj**
(Ci95)

or adj***
(Ci95)

Adl disability

0 vs ≥ 2 disabilities 50 (14.6) 16 (4.1) 4.0 (2.2-7.1) 2.9 (1.6-5.3) 2.9 (1.5-5.6) 2.7 (1.5-5.2)

Number of disabilities

0 (%) 292 (84.1) 370 (89.4) 1 (ref ) 1 (ref ) 1 (ref ) 1 (ref )

1 (%) 55 (15.9) 44 (10.6) 1.6 (1.0-2.4) 1.3 (0.8-2.0) 1.3 (0.8-2.1) 1.2 (0.7-1.9)

2 (%) 23 (7.3) 10 (2.6) 2.9 (1.4-6.2) 2.1 (1.0-4.7) 2.6 (1.1-6.1) 1.7 (0.7-3.9)

≥ 3 (%) 27 (8.5 ) 6 (1.6) 5.7 (2.3-14.0) 3.9 (1.5-9.8) 3.1(1.1-8.7) 3.9 (1.5-10.3)

impairment of mobility

Walk outside, not able (%) 78 (19.5) 32 (7.4) 3.0 (2.0-4.7) 3.0 (1.9-4.7) 2.9 (1.8-4.7) 2.8 (1.7-4.6)

Climbing stairs, not able (%) 72 (18.0) 29 (6.7) 3.0 (1.9-4.8) 2.4 (1.5-3.9) 2.2 (1.3-3.7) 2.1 (1.3-3.5)

sedentary lifestyle

20th percentile (≤14 h) 42 (10.6) 92 (23.2) 1 (ref ) 1 (ref ) 1 (ref ) 1 (ref )

80th percentile (≥20h) 173 (43.6) 90 (22.7) 4.2 (2.7-6.6) 4.0 (2.5-6.3) 4.4 (2.7-7.2) 4.0 (2.4-6.8)

Tertiles

< 16 h 68 (17.4) 133 (31.5) 1 (ref ) 1 (ref ) 1 (ref ) 1 (ref )

16-18 h 115 (29.5) 156 (37.0) 1.4 (1.0-2.1) 1.4 (0.9-2.0) 1.3 (0.9-2.0) 1.3 (0.9-2.0)

>18 h 207 (53.1) 133 (31.5) 3.0 (2.1-4.4) 2.8 (1.9-4.1) 2.8 (1.9-4.1) 2.7 (1.8-4.0)

low hand grip strength

<15% 92 (23.2) 50 (11.6) 2.3 (1.6-3.3) 2.3 (1.5-3.4) 2.1 (1.4-3.2) 1.7 (1.1-2.6)

>15% 305 (76.8) 380 (88.4) 1 (ref ) 1 (ref ) 1 (ref ) 1 (ref )

Tertiles

<33%
33-66%
> 66%

222 (55.9)
90 (22.7)
85 (21.4)

161 (37.4)
142 (33.0)
127 (29.5)

2.1 (1.5-2.9)
1.0 (0.7-1.4)

1 (ref )

2.2 (1.5-3.2)
1.0 (0.7-1.4)

1 (ref )

2.0 (1.4-3.0)
1.6 (0.7-1.5)

1 (ref )

2.1 (1.4-3.1)
1.0 (0.7-1.5)

1 (ref )

* adj for age, sex and study center **adj for age, sex, study center and BMI ***adj for age, sex, study center 
and co-morbidities
˦  ADL missing cases 4; missing control subjects 1; Impairment of mobility: missing cases 1 missing control 

subjects 1; Sedentary lifestyle: missing cases: 11 missing control subjects 9; Low handgrip strength: missing 
cases: 4 missing control subjects: 1
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pairments on the ADL score was associated with a 3.8 fold (CI95 1.9-7.6), increased risk 
of DVT and of 2.3 fold (CI95 1.1-4.5) increased risk of PE. Impairment of mobility had an 
odds ratio for DVT of 3.2 (CI95 1.9-5.4), and of PE of 2.6 (CI95 1.6-4.4). Sedentary lifestyle 
increased the risk for both DVT and PE (OR DVT 2.6; CI95 1.8-3.9, OR PE 3.1; CI95 2.2-4.5). 
Unlike the other measures, low handgrip strength was mainly associated with DVT; OR 
3.1 (CI95 1.8-5.3) for DVT and 1.7 (CI95 1.1-2.8) for PE. Of the 401 cases, 182 (45.4%) had 
a provoked venous thrombotic event. In general, the functional measures were more 
strongly associated with provoked events. For unprovoked thrombosis, two or more 
impairments on the ADL score was associated with a 1.8 fold (CI95 0.9-3.7) increased 
risk, impaired mobility was associated with an odds ratio of 2.4 (CI95 1.4-4.1), sedentary 
life style had an odds ratio of 1.7 (CI95 1.1-2.4), and low handgrip strength had an odds 
ratio of 1.8 (CI95 1.1-2.9). For the provoked events the odds ratio of thrombosis was 4.9 
(CI95 2.3-8.7) when two or more impairments on the ADL score were present, while this 
was 3.6 (CI95 2.1-5.9) for impaired mobility, 5.4 (CI95 3.6-8.1) for sedentary lifestyle and 
2.8 (CI95 1.7-4.7) for impaired handgrip strength.

Table 3 shows that the number of functional impairment entities was positively 
associated with risk of venous thrombosis. The prevalence of at least one functional 
impairment was 56.5% in the cases (221 of 391) and 28.7% the control subjects (121 of 
422). Compared with those with no impairments, the OR of thrombosis increased from 
3.0 (CI95 2.1-4.3) when one impairment was present, up to 25.1 (CI95 3.2-195.0) when 
four impairments were present.

Population attributable risk estimates the proportion of a disease attributable to a risk 
factor under the assumption of causality. The PARs for sedentary lifestyle, ADL disability, 
inability to walk outside for 15 minutes and low hand grip strength were 29%, 8%, 13% 
and 13%, respectively.

table 3. Association of accumulation of functional impairments with venous thrombosis

functional
impairment

Cases Controls
or crude
(95%Ci)

or adj*
(95%Ci)

or adj**
(95%Ci)

oradj***
(95%Ci)

n= 0 170 (43.5) 301 (71.3) 1 (ref ) 1 (ref ) 1 (ref ) 1 (ref )

n= 1 121 (30.9) 72 (17.1) 3.0 (2.1-4.2) 3.0 (2.1-4.3) 3.2 (2.2-4.6) 2.9 (2.0-4.3)

n= 2 50 (12.8) 34 (8.1) 2.6 (1.6-4.2) 2.8 (1.7-4.5) 2.8 (1.7-4.7) 2.4 (1.4-4.0)

n= 3 34 (8.7) 14 (3.3) 4.3 (2.2-8.2) 4.4 (2.2-8.6) 4.1 (2.0-8.3) 3.0 (1.5-6.3)

n= 4 16 (4.1) 1 (0.2) 28.3 (3.7-215.5) 25.1 (3.2-195.0) 18.8 (2.4-148.1) 22.9 (2.8-186.1)

*adj for age, sex and study center
**adj for age, sex, study center and BMI
***adj for age, sex, study center and co-morbidities
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disCussion

In a two-centre population-based study of people over age 70, comprising 401 patients 
with thrombosis and 431 control subjects, we showed that functional impairment 
defined as an impaired ADL, impaired mobility, sedentary life style, and low handgrip 
strength were associated with an increased risk of venous thrombosis. These four mani-
festations of functional impairment each were associated with a 2- to 4-fold increased 
risk of thrombosis. Further, an increasing number of functional impairments was also 
associated with risk of thrombosis. The overall relative contribution of each functional 
impairment entity to the thrombotic risk, based on the PAR, varied from 8% to 29%. 
Furthermore, all functional impairment entities were also associated with unprovoked 
thrombosis, which suggests that the associations were not explained by the provoking 
factors for venous thrombosis. The associations of functional impairment with venous 
thrombosis were also present in the provoked thrombosis group, indicating that when 
other major risk factors are present in this older age group, functional impairment is also 
important.

Our findings are in line with previous reports that showed that functional impairment 
is associated with the risk of thrombosis. A cross-sectional analysis of older in-hospital 
patients illustrated that a decreased Katz ADL score was associated with 2-fold increased 
risk of asymptomatic thrombosis. [15] Furthermore, Folsom et al reported a 1.5- to 2-fold 
increased risk of future thrombosis with frailty, also a measure of functional status, in 
those 65 years and older. [16] Having a sedentary lifestyle or transient immobility have 
been previously reported as risk factors in both young and older populations. [7,17,18] 
In this study, the number of functional impairment markers was positively associated 
with the risk of venous thrombosis, indicating that impairment on several aspects, which 
likely reflects the severity, influences the risk of thrombosis.

Various causal mechanisms regarding the association of impaired functional status 
and venous thrombosis can be hypothesised. [16,19] Biological age is related with the 
functional status of an individual. [20] Age-related alterations of the venous vessel wall 
are postulated to provoke thrombus formation. [21,22] Low hand grip strength reflects 
loss of overall muscle mass and strength. A decline of leg muscle strength, and specifi-
cally calf muscles could result into stasis of the blood flow in the legs, and subsequently 
venous hypertension could induce a pro-thrombotic environment. [6] Furthermore, 
functional impairment with ageing is associated with inflammation and procoagula-
tion. [23,24] Thrombosis might occur more easily in older, impaired individuals due to 
deregulation of the blood coagulation system by increased inflammation and higher 
levels of D-dimer, factor VIII and von Willebrand factor [25], all of which are related to risk 
of venous thrombosis. [16,26]
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Strengths and limitations of this study require discussion. We performed home-visits, 
thereby allowing functionally impaired individuals to participate. This resulted in a high 
participation rate and minimised selection bias. [7] However, we cannot completely 
rule out that participation was related to the presence of functional impairment which 
would, if different in cases and controls, lead to biased estimates. If at all present, this 
would most likely have affected controls, with those with impairments participating less 
readily than those with. If this bias was present, the reported risks are an overestima-
tion. Recall bias may have been present for the self-reported measures, but not for the 
handgrip assessment. Handgrip strength could have been influenced by conditions 
associated with the venous thrombosis event, such as recent hospitalisation or surgery, 
but presence of associations in both unprovoked and provoked thrombosis suggests a 
minimal impact on interpretation of results. Despite the use of standardised question-
naires for both the cases and control subjects, we cannot rule out differential recall of 
functional status by case control status.

Functional impairment may be the result of disorders affecting the risk of thrombosis, 
leading to confounding. However, the risk of thrombosis remained clearly elevated also 
after adjustment for several diseases, such as myocardial infarction and pulmonary 
disorders. BMI was not a confounder in the association of functional impairment and 
venous thrombosis, although weight loss is seen as an important marker of functional 
status [3], and higher BMI is a risk factor of thrombosis in the middle aged population.

In conclusion, functional impairment is a risk factor for venous thrombosis in older 
people and the contribution of functional impairment to the overall incidence of ve-
nous thrombosis is high. The risk of thrombosis is increased in older individuals with 
functional impairments, also when other major risk factors are present. Moreover, accu-
mulation of multiple functional impairments signified substantial risk. Our findings have 
important implications for awareness of venous thrombosis risk by providers caring for 
older people.



Functional impairment and risk of thrombosis 85

6

referenCes

 1. Naess IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR, Hammerstrom J. Inci-
dence and mortality of venous thrombosis: a population-based study. J Thromb Haemost 2007; 5: 
692-699.

 2. Engbers MJ, van Hylckama Vlieg A, Rosendaal FR. Venous thrombosis in the elderly: incidence, 
risk factors and risk groups. J Thromb Haemost 2010; 8: 2105-2112.

 3. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy R, Kop WJ, 
Burke G, Mcburnie MA. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med 
Sci 2001; 56: M146-M156.

 4. Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik JM, Chaves P, Zeger SL, Fried LP. Pheno-
type of frailty: characterization in the women’s health and aging studies. J Gerontol A Biol Sci Med 
Sci 2006; 61: 262-266.

 5. Rockwood K, Rockwood MR, Mitnitski A. Physiological redundancy in older adults in relation to 
the change with age in the slope of a frailty index. J Am Geriatr Soc 2010; 58: 318-323.

 6. Mammen EF. Pathogenesis of venous thrombosis. Chest 1992; 102: 640S-644S.
 7. Engbers MJ, Blom JW, Cushman M, Rosendaal FR, van Hylckama Vlieg A. The contribution of 

immobility risk factors to the incidence of venous thrombosis in an older population. J Thromb 
Haemost 2013;

 8. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the aged The Index of 
ADL: a standardized measure of biological and psychosocial function. JAMA 1963; 185: 914-919.

 9. Mahoney FI, Barthel DW. Functional evaluation: the BARTHEL INDEX. Md State Med J 1965; 14: 
61-65.

 10. Hallman DM, Lyskov E. Autonomic regulation, physical activity and perceived stress in subjects 
with musculoskeletal pain: 24-hour ambulatory monitoring. Int J Psychophysiol 2012; 86: 276-282.

 11. Chaput JP, Carson V, Gray CE, Tremblay MS. Importance of all movement behaviors in a 24 hour 
period for overall health. Int J Environ Res Public Health 2014; 11: 12575-12581.

 12. Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, Curb JD, White L. Midlife hand grip strength 
as a predictor of old age disability. JAMA 1999; 281: 558-560.

 13. Guo CB, Zhang W, Ma DQ, Zhang KH, Huang JQ. Hand grip strength: an indicator of nutritional 
state and the mix of postoperative complications in patients with oral and maxillofacial cancers. 
Br J Oral Maxillofac Surg 1996; 34: 325-327.

 14. Webb AR, Newman LA, Taylor M, Keogh JB. Hand grip dynamometry as a predictor of postopera-
tive complications reappraisal using age standardized grip strengths. JPEN J Parenter Enteral Nutr 
1989; 13: 30-33.

 15. Sellier E, Labarere J, Sevestre MA, Belmin J, Thiel H, Couturier P, Bosson JL. Risk factors for deep 
vein thrombosis in older patients: a multicenter study with systematic compression ultrasonog-
raphy in postacute care facilities in France. J Am Geriatr Soc 2008; 56: 224-230.

 16. Folsom AR, Boland LL, Cushman M, Heckbert SR, Rosamond WD, Walston JD. Frailty and risk of 
venous thromboembolism in older adults. J Gerontol A Biol Sci Med Sci 2007; 62: 79-82.

 17. Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P, Folsom AR. Deep vein 
thrombosis and pulmonary embolism in two cohorts: the longitudinal investigation of thrombo-
embolism etiology. Am J Med 2004; 117: 19-25.

 18. Kuipers S, Cannegieter SC, Middeldorp S, Robyn L, Buller HR, Rosendaal FR. The absolute risk of 
venous thrombosis after air travel: a cohort study of 8,755 employees of international organisa-
tions. PLoS Med 2007; 4: e290.



86 Chapter 6

 19. Virchow R. Gesammelte Abhandlungen zur Wissenschaftlichen Medicin.Frankfurt: Staatsdruck-
erei, 1856.

 20. Borkan GA and Norris AH. Assessment of biological age using a profile of physical parameters. J 
Gerontol 1980; 35: 177-184.

 21. Van Langevelde K, Sramek A, Rosendaal FR. The effect of aging on venous valves. Arterioscler 
Thromb Vasc Biol 2010; 30: 2075-2080.

 22. Bovill EG, van der Vliet A. Venous valvular stasis-associated hypoxia and thrombosis: what is the 
link? Annu Rev Physiol 2011; 73: 527-545.

 23. Walston J, Mcburnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, Gottdiener J, Frie LP. Frailty and 
activation of the inflammation and coagulation systems with and without clinical co-morbidities: 
results from the Cardiovascular Health Study. Arch Intern Med 2002; 162: 2333-2341.

 24. Jenny NS, French B, Arnold AM, Strotmeyer ES, Cushman M, Chaves PH, Ding J, FriedLP, Kritchevsky 
SB, Rifkin DE, Sarnak MJ, Newman AB. Long-term assessment of inflammation and healthy aging 
in late life: the Cardiovascular Health Study All Stars. J Gerontol A Biol Sci Med Sci 2012; 67: 970-976.

 25. Kanapuru B, Ershler WB. Inflammation, coagulation, and the pathway to frailty. Am J Med 2009; 
122: 605-613.

 26. Cushman M, Folsom AR, Wang L, Aleksic N, Rosamond WD, Tracy RP, Heckbert SR. Fibrin fragment 
D-dimer and the risk of future venous thrombosis. Blood 2003; 101: 1243-1248.






