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Abstract

Background: The preponderance of the evidence supports no association between
traditional cardiovascular risk factors and venous thromboembolism (VTE), other than
obesity. There are limited data in older people.

Objectives: To investigate whether cardiovascular risk factors (body mass index,
smoking, alcohol intake, hypertension, and diabetes) are associated with the risk of
VTE in elderly and to assess the combined effect between cardiovascular risk factors
and genetic risk factors for VTE (factor V Leiden/prothrombin 20210A, positive family
history of VTE, and non-O blood group).

Methods: The Age and Thrombosis, Acquired and Genetic risk factors in the Elderly
study is a multicenter case-control study performed in Vermont, USA and Leiden, the
Netherlands, comprising 401 cases with first VTE and 431 control subjects, all aged
>70 years. To assess the risk of VTE, odds ratios (OR) with 95% confidence intervals
(Cls) were calculated, adjusting for potential confounders.

Results: Both height and weight were positively associated with VTE risk: the ORs
were 2.2 (95% Cl, 1.2-3.9) and 1.5 (95% Cl, 1.0-2.4) in the top quartile for height and
weight separately. This risk was more pronounced for unprovoked VTE. Smoking, al-
cohol intake, and diabetes were not associated with VTE. Higher systolic and diastolic
blood pressure and hypertension were associated with a decreased risk of VTE. In the
presence of a genetic predisposition, height and weight further increased the risk of
VTE.

Conclusions: In the elderly, height and weight are positively associated with the risk of
VTE. With genetic predisposition, higher levels of height and weight further increase
the risk of VTE.
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Essentials

e Some heart disease risk factors may increase risk of venous thromboembolism (VTE).

o We studied this in people aged 70 and older.

e Greater height and weight were positively associated with VTE risk.

¢ In people with higher genetic risk, height and weight further increased VTE risk.

1 | INTRODUCTION

Venous thromboembolism (VTE) is a frequent and severe disorder
associated with acquired and genetic risk factors. The incidence of
VTE rises dramatically with age (up to 1 per 100 annually in the old),
indicating that increasing age is the most important risk factor for
VTE. Acquired risk factors include immobilization, surgery, trauma,
and malignant disease. Genetic risk factors include deficiencies of
anticoagulant proteins S and C, antithrombin, and numerous genetic
variants, of which the most common are the factor V Leiden (FVL)
and prothrombin 20210A (PT2010A) mutations.?® Non-O blood
group and family history of VTE are also important determinants of
VTE.*” Furthermore, several cardiovascular risk factors have been
associated with the risk of VTE in young and middle-aged popula-
tions, albeit results were often inconsistent.® 38

Some studies reported a positive association between obesi-
8-25

ty,825 smoking,8712132428 hypertension,'® and diabetes,?”%° and the

risk of VTE. However, the conclusions of other studies varied from

19.21.31.32 glcohol intake,”?? hyperten-

no association for smoking,
sion,26 systolic or diastolic blood pressure,21’33 and diabetes?*®**to an
inverse association for alcohol intake,®® systolic and diastolic blood
pressure,*?2% and the risk of VTE. Most studies included a broad age
range including individuals of older age but did not perform a strati-
fied analysis on age. Thus, we have limited information on the role of
cardiovascular risk factors in VTE development in the elderly. Among
elderly people, obesity is a risk factor for VTE®373% |ow to moderate
alcohol consumption was associated with a decreased risk of VTE.%8

Several studies evaluated the combined effects between life-
style risk factors (body mass index [BMI], body height and smoking)
and genetic risk factors (FVL, PT20210A, or a genetic risk score) on
the risk of VTE.®1%36409-43 |n individuals carrying a prothrombotic
genetic variant, the risk of VTE may be mitigated by a healthy life-
style, in particular a normal weight.*42

The aim of this study was to investigate whether cardiovascu-
lar risk factors are associated with the risk of VTE in people aged
70 years and older, and to assess the combined effect between
common genetic risk factors for VTE (FVL/PT20210, positive family

history of VTE, non-O blood group) and cardiovascular risk factors.
2 | MATERIALS AND METHODS

21 | Study design

The Age and Thrombosis, Acquired and Genetic risk factors in the el-

derly (AT-AGE) study is a two-center, population-based case-control
study designed to study risk factors for VTE in older people. The

design of the AT-AGE study was described in detail previously.** In

brief, from June 2008 to August 2011 in Leiden, the Netherlands,
and December 2008 to July 2011 in Vermont, USA, all consecutive
patients 70 years and older with a first imaging-confirmed deep
vein thrombosis (DVT) of the leg or pulmonary embolism (PE with
or without DVT) were identified. Patients were identified from the
anticoagulation clinics in Haarlem and Leiden and from the Vascular
Laboratory and the Radiology department of the University of
Vermont Medical Center (Burlington, VT, USA). Control subjects
were randomly selected from five primary care practices in Leiden
and four in Vermont. Individuals with active malignancy or severe
psychiatric or cognitive disorders were excluded. Active malig-
nancy was defined as diagnosis of cancer within 6 months before
the thrombotic event (or date of telephone call for the control sub-
jects) or chemotherapy or radiation therapy for cancer in the past
6 months. All participants provided written informed consent.
The study was approved by the Medical Ethical Committee of the
Leiden University Medical Centre and by the Committee on Human

Research of the University of Vermont.

2.2 | Datacollection

For all participants, at a home visit, a structured interview was com-
pleted by trained personnel and a blood sample or buccal swab was
collected. In total, 401 patients and 431 controls completed the in-
terview. It was calculated that, with a 10% exposure to the risk fac-
tor of interest in the controls, recruitment of 283 patients and 283
controls were needed to detect an odds ratio (OR) as low as 2.0 with
80% power and alpha 0.05. The questionnaires included items on
body height, body weight, smoking, alcohol intake, diabetes melli-
tus, family history of VTE (first-degree relatives), and medication use
(including statins). All diagnoses obtained from the questionnaires
(including diabetes mellitus) were self-reported and were not vali-
dated with the medical records. Body height, body weight, and blood
pressure were measured during the visit.

Participants were categorized as nonsmokers, former smokers,
and current smokers. Alcohol intake was dichotomized into current
use yes/no. Hypertension was defined as a systolic blood pres-
sure2140 mm Hg or diastolic blood pressure 290 mm Hg or the use
of antihypertensive medication. Family history of VTE was consid-
ered positive when at least one first-degree relative was reported to
have experienced VTE. Individuals (304 patients and 377 controls)
who did not know whether a first-degree relative had VTE were clas-
sified as having a negative family history. Provoked VTE was defined
as thrombosis after hospitalization (including recent surgery), frac-
ture, plaster cast, splint, minor injuries of lower extremities (such as a
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sprained ankle or contusion of the lower leg), or transient immobility
at home 24 successive days in the 3 months before the index date.
The index date was defined as the date of diagnosis of thrombo-
sis for the patients and the date of the home visit for the control
subjects.

2.3 | Laboratory assays
During the home visit, blood samples were drawn into vacuum tubes
containing 0.1 volume 0.106 mol/L trisodium citrate or, when no
blood sample could be drawn, a buccal swab was collected (N = 30)
for patients and controls. DNA analysis for the FVL mutation
(rs6025) and the PT G20210A mutation (rs1799963) was performed
using a combined polymerase chain reaction with the TagMan
assay (Applied Biosystems, Foster City, CA, USA). The 20146G/-
(rs8176719), 21463C/G(rs7853989), 21867A/G(rs8176749), and
21996C/-(rs8176750) blood group polymorphisms were determined
by a 5' nuclease assay (Tagman; Applied Biosystems, Foster City, CA,
USA) using a polymerase chain reaction mix (Tagman Genotyping
Master Mix, Applied Biosystems) and an allele-specific fluorescent
probe equipped with a minor groove-binding moiety.

Genetic predisposition was defined as having any of genetic fac-
tors (FVL, PT G20210A mutation, family history of VTE, and non-O
blood group).

2.4 | Statistical analysis

To estimate relative risks, we calculated ORs and 95% confidence
intervals (Cls) of VTE for all risk factors. BMI was calculated by divid-
ing body weight (kg) by squared height (m?). BMI was further cat-
egorized according to the criteria of the World Health Organization,
with BMI <18.5 kg/m2 as underweight, BMI 18.5-25 kg/m2 as nor-
mal weight, BMI 25-30 kg/m? as overweight, and BMI >30 kg/m?
as obesity. BMI was analyzed continuously and in World Health
Organization categories. The separate elements of BMI (body height
and body weight) were also assessed, again continuously and after
stratification into quartiles based on the distribution of the controls.

Blood pressure (i.e., systolic and diastolic blood pressure) were
analyzed continuously and in quartiles based on the distribution of
the controls.

Using multivariable logistic regression models, we calculated
the risk of VTE associated with cardiovascular risk factors, adjusted
for potential confounders. Confounding factors considered were
age, sex, study center, cardiovascular risk factors (BMI, smoking,
alcohol intake, hypertension, diabetes; depending on the exposure)
and comorbidities (heart failure, angina, myocardial infarction, ce-
rebral bleeding, transient ischemic attack, and cerebral infarction).
Considering patients older than 70 years are often on statins for
cardiovascular risk prevention (particularly in those with diabetes)
and the use of statins may reduce the risk of VTE,*>*% we therefore
assessed the risk of VTE associated with cardiovascular risk factors

sssssssssssssssssss

after additional adjustment for statin use. We further assessed the
risk of VTE associated with cardiovascular risk factors, a genetic pre-
disposition (carrying FVL or PT20210A or positive family history of
VTE or non-O blood group) or the combination of both risk factors.

Analyses were also performed separately for DVT and PE and for
provoked and unprovoked VTE. IBM SPSS 25.0 for Windows (SPSS

Inc, Chicago, IL, USA) was used for all data analysis.

3 | RESULTS

Table 1 shows characteristics of the patients and control subjects.
The mean age of patients was 78.7 years (range: 70.0-100.9), similar
to controls (mean age: 77.5; range: 70.3-96.3). The majority of par-
ticipants were Caucasian (95.8% of patients and 94.7% of controls).
There were slightly more women than men. A total of 166 (41.4%) of
patients had DVT only, whereas 235 (58.6%) had PE (with or with-
out DVT). The VTE events were provoked in 48.9% (n = 196) and
unprovoked in 48.6% (n = 195) of patients. A positive family history
of VTE was more common in patients than in controls (24.2% vs.
12.5%), as were non-O blood group and prothrombotic gene vari-
ants. There were more controls using statins than patients (25.3%
vs. 18.2%). The distribution of comorbidities was similar in patients
and controls.

As shown in Table 2, the overall distribution of cardiovascular
risk factors was not notably different between patients and con-
trols. Assessing the association between continuous cardiovascular
risk factors (BMI, body height, body weight, systolic blood pressure,
and diastolic blood pressure) and the risk of VTE, the ORs of VTE
associated with each standard deviation increment were 1.1 (95%
Cl, 0.9-1.3) for BMI, 1.4 (95% Cl, 1.1-1.7) for body height, 1.2 (95%
Cl, 1.0-1.4) for body weight, 0.7 (95% Cl, 0.6-0.8) for systolic blood
pressure, and 0.7 (95% Cl, 0.6-0.8) for diastolic blood pressure.

The risk of VTE associated with categorical cardiovascular risk
factors is shown in Table 3. Individuals who were underweight had
an OR of 1.6 (95% Cl, 0.4-7.3) compared with individuals with nor-
mal weight. Being overweight was associated with an OR of 1.2 com-
pared with normal weight, as was obesity: OR 1.2 (95% Cl, 0.7-1.9).
Therisk of VTE associated with being overweight or obese compared
with normal weight was most pronounced for unprovoked VTE (ORs
overweight or obese compared with normal weight: 1.5 [95% ClI,
0.9-2.3] and 1.6 [95% Cl, 0.9-2.8], respectively), albeit for all esti-
mates for BMI, Cls were wide. The odds ratios of VTE increased from
1.2 (95% Cl, 0.8-1.9) to 2.2 (95% Cl, 1.2-3.9) across the top three
quartiles of body height compared with the first quartile, and from
1.0 (95% Cl, 0.6-1.5) to 1.5 (95% Cl, 1.0-2.4) across top three quar-
tiles of body weight when compared with the first quartile. Similar to
BMI, risks were most pronounced for unprovoked VTE.

There was no association between current smoking or former
smoking (compared with never smoking) and the risk of VTE (OR
current smoking 0.8 [95% Cl, 0.5-1.5]; OR former smoking: 1.2 [95%
Cl, 0.8-1.8]). Current alcohol intake compared with no alcohol in-
take was also not associated with the risk of VTE (OR 1.1; 95% ClI,
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TABLE 1 Baseline characteristics of patients and controls

Patients Controls
N =401 N =431
Men, n (%) 166 (41.4) 209 (48.5)
Age, mean (range) 78.7 (70.0-100.9) 77.5(70.3-96.3)
Ethnicity (Caucasian), 384 (95.8) 408 (94.7)
n (%)?
Type of VTE
DVT, n (%) 166 (41.4) =
PE + DVT, n (%) 235 (58.6) -
Provoked VTE, n (%)? 196 (48.9) -
Unprovoked VTE, 195 (48.6) -
n (%)?
Factor V Leiden, n (%)? 34 (8.6) 18 (4.2)
Prothrombin G20210A 9(2.3) 7 (1.6)
mutation, n (%)?
Non-O blood group, 231 (61.4) 232 (53.8)
n (%)?
Positive family history 97 (24.2) 54 (12.5)
of VTE, n (%)?
Statin use 73(18.2) 109 (25.3)
Comorbidities
Heart failure, n (%) 20(5.0) 19 (4.4)
Angina, n (%)° 42 (10.6) 33(7.7)
Myocardial 53(13.2) 51(11.8)
infarction, n (%)
Cerebral bleeding, 7 (2.0) 7 (1.6)
n (%)?
Transient ischemic 44 (11.0) 42 (10.0)
attack, n (%)?
Cerebral infarction, 23(5.8) 23(5.3)

n (%)?

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism;
VTE, venous thromboembolism.

?Four missing in ethnicity of patients and five missing in ethnicity of
controls. Ten missing in provoked and unprovoked VTE. Seven missing
in factor V Leiden of patients and five missing in factor V Leiden of
controls. Sixteen missing in prothrombin G20210A mutation of patients
and four missing in prothrombin G20210A mutation of controls. A total
of 25 missing in non-O blood group of patients and 15 missing in non-O
blood group of controls. One missing in positive family history of VTE
of controls. Three missing in angina of patients. A total of 59 missing in
myocardial infarction of patients. Three missing in transient ischemic
attack of patients. One missing in cerebral infarction of patients and

10 missing in cerebral infarction of controls.

0.8-1.5). A dose-response relationship was observed between sys-
tolic blood pressure and the risk of VTE (i.e., after stratification into
quartiles) and the risk of VTE decreased gradually across increasing
quartiles of systolic blood pressure to OR of 0.4 (95% Cl, 0.3-0.7)
for systolic blood pressure in the highest quartile compared with the
lowest quartile. The relationship between diastolic blood pressure
and VTE risk was similar. Hypertension was also associated with a
decreased risk of VTE (OR 0.6; 95% Cl, 0.4-1.0). The results were
similar when hypertension was defined using blood pressure only

TABLE 2 The distribution of cardiovascular risk factors among
patients and controls

Patients Controls
N =401 N=431
Body weight in kg, mean 77.8(38.0-132.3) 76.3
(range) (42.8-140.4)
Body height in cm, mean 169.0 167.9
(range) (147.0-195.0) (145.0-196.0)

Body mass index, mean 27.2 (14.5-45.4) 27.0 (17.0-49.7)

(kg.m™2) (range)?

Underweight, n (%) 5(1.2) 3(0.7)

Normal, n (%) 119 (29.7) 144 (33.4)

Overweight, n (%) 166 (41.4) 175 (40.6)

Obese, n (%) 88(21.9) 94 (21.8)
Smoking status®

Never, n (%) 123 (30.7) 120 (27.8)

Former, n (%) 234 (58.4) 255 (59.2)

Current, n (%) 43 (10.7) 55(12.8)
Alcohol intake®

None, n (%) 161 (40.1) 160 (37.1)

Current, n (%) 238 (59.3) 270 (62.6)
Hypertension, n (%) 333(83.0) 374 (86.8)
Diabetes, n (%) 69 (17.2) 67 (15.5)
Systolic blood pressure, 143 (22) 152 (23)

mm Hg (SD)

Diastolic blood pressure, 83 (13) 86 (13)

mm Hg (SD)

Abbreviation: SD, standard deviation.

BMI had 23 missing in patients and 15 missing in controls. Smoking
status had one missing in patients and one missing in controls; alcohol
intake had two missing in patients and one missing in controls.

(i.e., not considering blood pressure lowering medication use [OR
0.5; 95% Cl, 0.3-0.7]). There was no association between diabetes
and VTE risk (OR 1.1; 95% Cl, 0.7-1.7). The risks of VTE associated
with cardiovascular risk factors were similar for DVT and PE + DVT.

We assessed the risk of VTE associated with a genetic predis-
position, a cardiovascular risk factor, or the combination of both
(Table 4). When focusing on unprovoked VTE events where risk
estimates are most pronounced, a genetic predisposition in the ab-
sence of a cardiovascular risk factor increased the risk of VTE 1.9- to
4.7-fold compared with individuals without a genetic predisposi-
tion and no cardiovascular risk factor. For both weight and height,
being above the median as measured in controls, point estimates
indicated a further increase in the risk of VTE in individuals with a
genetic predisposition to VTE. In contrast, for hypertension, point
estimates indicated a decreased risk of VTE in individuals with a
genetic predisposition to VTE (i.e., compared with individuals with-
out hypertension and without a genetic predisposition), individuals
with a genetic predisposition and no hypertension had a 4.7-fold in-
creased risk of VTE (95% Cl, 1.3-16.2), whereas individuals with a
genetic predisposition with hypertension had a 2.6-fold increased
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TABLE 3 The risk of venous thromboembolism associated with cardiovascular risk factors

ORall VTE® ORDVT® ORPE + DVT? OR provoked” OR unprovoked”®
OR crude (95% Cl) (95%Cl) (95% Cl) (95% Cl) (95% CI) (95% CI)
Patients Patients Patients Patients Patients Patients

Risk factor (N =401) (N =401) (N =166) (N = 235) (N =196) (N =195)
BMI (kg/m?)

Underweight 2.0(0.5-8.6) 1.6 (0.4-7.3) 1.1(0.1-11.0) 2.2(0.4-11.2) 1.8(0.3-9.9) 1.7 (0.3-11.1)

Normal 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Overweight 1.1(0.8-1.6) 1.2(0.8-1.7) 1.3(0.8-2.2) 1.1(0.8-1.8) 0.9 (0.6-1.5) 1.5(0.9-2.3)

Obese 1.1(0.8-1.7) 1.2(0.7-1.9) 1.7 (0.9-3.1) 1.0(0.5-1.6) 0.9 (0.5-1.¢) 1.6 (0.9-2.8)
Height®

<P25 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

P25-P50 1.1(0.7-1.7) 1.2 (0.8-1.9) 1.0 (0.6-1.8) 1.4 (0.8-2.4) 0.9 (0.5-1.5) 1.9 (1.1-3.3)

P50-P75 1.3(0.9-1.9) 1.8(1.1-2.8) 1.0(0.5-2.0) 2.5(1.4-4.3) 1.4 (0.8-2.6) 2.3(1.2-4.2)

2P75 1.3(0.9-1.9) 2.2(1.2-3.9) 1.6 (0.8-3.4) 2.7 (1.4-5.2) 1.5(0.7-3.0) 3.4 (1.7-6.9)
Weight?

<P25 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

P25-P50 0.9 (0.6-1.4) 1.0(0.6-1.5) 0.9 (0.5-1.5) 1.1(0.7-1.8) 0.9 (0.5-1.4) 1.2(0.7-2.1)

P50-P75 1.1(0.8-1.7) 1.3(0.8-2.0) 1.2(0.7-2.2) 1.3(0.8-2.1) 1.0(0.6-1.7) 1.5(0.9-2.7)

2P75 1.3(0.9-1.9) 1.5(1.0-2.4) 1.6 (0.9-2.9) 1.4(0.8-2.5) 1.2(0.7-2.1) 2.0(1.1-3.6)
Smoking

Never 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Former 0.9 (0.7-1.2) 1.2(0.8-1.8) 1.0(0.6-1.7) 1.3(0.8-2.0) 1.3(0.8-2.1) 1.0(0.6-1.7)

Current 0.8 (0.5-1.2) 0.8 (0.5-1.5) 1.0(0.5-2.0) 0.7 (0.4-1.3) 0.6 (0.3-1.2) 1.1(0.6-2.0)
Alcohol intake

No 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.9 (0.7-1.2) 1.1(0.8-1.5) 1.4(0.9-2.3) 1.0(0.7-1.4) 0.8(0.5-1.2) 1.5(1.0-2.3)
Systolic blood pressure (mm Hg)?

<P25 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

P25-P50 0.8 (0.6-1.2) 0.9 (0.6-1.4) 0.8 (0.4-1.4) 0.9 (0.6-1.5) 0.6 (0.4-1.1) 1.1(0.6-1.8)

P25-P50 0.5(0.3-0.8) 0.5(0.3-0.8) 0.4 (0.2-0.8) 0.6 (0.4-1.0) 0.6 (0.3-1.0) 0.5(0.3-1.0)

2P75 0.4 (0.3-0.6) 0.4 (0.3-0.7) 0.6 (0.3-1.1) 0.3(0.2-0.6) 0.3(0.2-0.6) 0.6 (0.3-1.1)
Diastolic blood pressure (mm Hg)?

<P25 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

P25-P50 0.7 (0.4-1.0) 0.5(0.3-0.8) 0.4 (0.2-0.8) 0.6 (0.3-1.0) 0.4 (0.2-0.8) 0.6 (0.3-1.0)

P50-P75 0.8(0.5-1.1) 0.5(0.3-0.9) 0.6 (0.3-1.0) 0.5(0.3-0.9) 0.4 (0.2-0.8) 0.7 (0.4-1.2)

>P75 0.6 (0.4-0.9) 0.4 (0.2-0.6) 0.4(0.2-0.7) 0.4(0.2-0.7) 0.3(0.2-0.5) 0.5(0.2-0.8)
Blood pressure

Normal 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Hypertensive 0.7 (0.5-1.1) 0.6 (0.4-1.0) 0.7 (0.4-1.4) 0.6 (0.3-1.0) 0.7 (0.4-1.2) 0.7 (0.4-1.2)
Diabetes

No 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.9 (0.6-1.3) 1.1(0.7-1.7) 1.1 (0.6-2.0) 1.1(0.6-1.8) 1.1(0.6-2.0) 1.0(0.6-1.7)

Abbreviations: BMI, body mass index; Cl, confidence interval; DVT, deep vein thrombosis; OR, odds ratio; P, percentile; PE, pulmonary embolism; ref,
reference; VTE, venous thromboembolism.

?Height and weight adjusted for each other and for age, sex, and study center, all other ORs adjusted for age, sex, study center, cardiovascular factors
(BMI, smoking, alcohol intake, hypertension, diabetes; depending on the exposure) and comorbidities (heart failure, angina, myocardial infarction,
cerebral bleeding, transient ischemic attack, and cerebral infarction).

bCutoff values for quartiles. Height: P25, 162 cm; P50, 168 cm; P75, 174 cm. Weight: P25, 65.1 kg; P50, 74.9 kg; P75, 84 kg. Systolic blood pressure:
P25, 135 mm; Hg P50, 152 mm Hg; P75, 168 mm Hg. Diastolic blood pressure: P25, 78 mm Hg; P50, 86 mm Hg; P75, 94 mm Hg.
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TABLE 4 Combined effect of cardiovascular risk factors and genetic predisposition on the risk of venous thromboembolism

Sreer:;:::osition Cardiovascular risk Patients Controls OR overall? OR provoked® OR unprovoked*

(combined) factors N N (95% Cl) (95% Cl) (95% ClI)
Obesity

No No 67 127 1 (ref) 1 (ref) 1 (ref)

No Yes 23 24 1.6 (0.7-3.5) 1.5(0.6-3.9) 2.0(0.7-5.5)

Yes No 214 192 2.1(1.4-3.1) 1.5(0.9-2.5) 2.9 (1.7-5.0)

Yes Yes 58 66 1.6 (0.9-2.8) 1.0(0.5-2.0) 2.7 (1.4-5.3)
Height®

No <P50 47 61 1 (ref) 1 (ref) 1 (ref)

No >P50 49 91 1.0(0.5-1.8) 0.8 (0.4-1.6) 1.5(0.7-3.3)

Yes <P50 111 134 1.2 (0.7-2.0) 0.8 (0.5-1.5) 1.9(1.0-3.7)

Yes >P50 167 127 24(1.4-4.2) 1.8 (0.9-3.4) 3.8(1.9-8.0)
Weight®

No <P50 41 78 1 (ref) 1 (ref) 1 (ref)

No >P50 50 73 1.3(0.8-2.4) 0.9 (0.5-1.8) 2.2(1.0-5.0)

Yes <P50 119 129 1.7 (1.1-2.8) 1.2(0.7-2.1) 3.2(1.6-6.4)

Yes >P50 156 130 2.5(1.5-4.0) 1.6 (0.9-2.8) 4.3(2.1-8.8)
Smoking®

No No 85 125 1 (ref) 1 (ref) 1 (ref)

No Yes 13 28 0.6 (0.3-1.3) 0.5(0.2-1.3) 0.8(0.3-2.2)

Yes No 255 237 1.7 (1.1-2.5) 1.3(0.8-2.0) 2.3(1.4-3.9)

Yes Yes 28 26 1.5(0.8-2.8) 0.8 (0.3-1.9) 2.5(1.2-5.6)
Alcohol intake

No No 48 51 1 (ref) 1 (ref) 1 (ref)

No Yes 50 102 0.7 (0.4-1.3) 0.6 (0.3-1.2) 1.0(0.4-2.2)

Yes No 102 103 1.3(0.7-2.2) 0.9 (0.5-1.8) 1.9 (0.9-3.9)

Yes Yes 180 159 1.6 (1.0-2.8) 1.0(0.5-1.8) 2.9(1.4-5.8)
Hypertension

No No 17 24 1 (ref) 1 (ref) 1 (ref)

No Yes 81 129 0.8 (0.4-1.8) 0.8 (0.3-1.9) 1.2(0.4-3.9)

Yes No 48 31 2.5(1.0-6.0) 1.5(0.5-4.2) 4.7 (1.3-16.2)

Yes Yes 235 232 1.4 (0.7-3.0) 1.0(0.4-2.3) 2.6 (0.9-8.2)
Diabetes

No No 75 130 1 (ref) 1 (ref) 1 (ref)

No Yes 23 23 1.3(0.6-2.8) 1.1(0.4-2.8) 1.8(0.7-4.9)

Yes No 239 220 2.0(1.3-2.9) 1.4(0.9-2.2) 2.9 (1.7-5.0)

Yes Yes 44 43 1.5(0.8-2.8) 1.1(0.5-2.4) 2.3(1.1-5.1)

Abbreviations: Cl, confidence interval; OR, odds ratio; P, percentile; ref, reference.

?Height and weight adjusted for each other and for age, sex, and study center, all other ORs adjusted for age, sex, study center, cardiovascular factors
(body mass index, smoking, alcohol intake, hypertension, diabetes; depending on the exposure) and comorbidities (heart failure, angina, myocardial
infarction, cerebral bleeding, transient ischemic attack, and cerebral infarction).

PCutoff value: P50: 168 cm.
“Cutoff value: P50: 74.9 kg.
dFormer and never smoking combined equals “no smoking”; current smoking equals “yes smoking.”

risk of VTE (95% Cl, 0.9-8.2). Diabetes, alcohol intake, smoking, and The combined effects between cardiovascular risk factors
obesity did not further increase the risk of VTE in individuals with and the separate elements of the genetic predisposition (FVL/
a genetic predisposition when compared with individuals without a PT20210A, blood group non-0, and a positive family history of VTE)
genetic predisposition and not having these risk factors. are shown in Tables S1-S3.
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After the adjustment for statin use, risk estimates for cardiovas-
cular risk factors only marginally changed compared with those in
Table 3 (see Table S4).

4 | DISCUSSION

In this case-control study of people aged 70 years and older, greater
height and body weight were associated with an increased risk of
VTE, whereas no association was observed for smoking, alcohol in-
take, and diabetes. Higher systolic and diastolic blood pressure were
associated with a decreased risk of VTE. A reduced VTE risk was also
observed in people with hypertension. In the presence of a genetic
predisposition, being in the top 50% of the distribution as measured
in the controls for height and weight further increased the risk of
VTE while hypertension attenuated the risk of VTE associated with
a genetic predisposition of VTE.

Several studies have evaluated body weight or body height
as risk factors for VTE in young and middle aged popula-
tions 131619.20.3947-49 The MEGA study and the LITE study re-
ported that body weight and body height both increased the risk
of VTE in both young and older individuals (age range 18-70 years
0ld).?%? The Physician's Health Study, the Tromsg study, and the
lowa Women's Health study reported on the association between
height and the risk of VTE and also showed that height was a risk
factor for VTE.'®'%47 Height was also associated with fatal PE in a
meta-analysis of cohort studies.*® Body weight was positively asso-
ciated with risk of VTE in a Danish cohort study.*’

Numerous studies have focused on the association between BMI
and VTE risk in young and middle-aged individuals, most of which re-
ported a positive association between BMI and VTE risk.81%2925 This
is consistent with the current results in the elderly, albeit that the
relative risk in the elderly was increased for unprovoked VTE only. In
previous analyses of elderly individuals, both Stein et al. and White
et al. reported that a higher BMI was associated with a higher risk
of VTE,*®¥ in accordance with our results for unprovoked events,
but the risk estimates were more pronounced than ours. We do not
have a clear explanation as to why body weight appeared to be more
strongly associated with VTE risk than BMI. We could speculate that
fat distribution plays a role that is not clearly reflected by BMl in this
age group. A positive association between weight (and BMI) and risk
of VTE may be explained by an increase in levels of prothrombotic
factors (fibrinogen, von Willebrand factor, factor VII, and viscos-
ity),”° hypofibrinolysis characterized by high PAI-1 levels,*! lack of
exercise, or venous stasis,?! although at least one study reported
no attenuation of this association after adjusting for procoagulant
factors.>’

Current and former smoking were not associated with risk of
VTE, which is in line with the results of several studies in young
and middle-aged populations.’”?*%132 previous results were in-
consistent as one case-control study and three prospective cohort
studies reported that smoking was an independent risk factor for
VTE.11242528 Also, two meta-analyses and a recent review reported
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amodestly increased risk of VTE associated with smoking.?>2%°2 The

discrepancy between these studies may be explained by participant
characteristics, adjustment for different sets of confounders, and
exclusion of people with cancer. In addition, in the current study, we
studied the association between smoking status in general and the
risk of VTE. Because no association was observed, we did not fur-
ther study the association between different types of tobacco use
(e.g., cigarettes, cigars, pipe) or duration of smoking.

No association was observed for alcohol intake and the risk
of VTE, which agrees with the results of the ARIC Study and the
Physician's Health Study.'”?! However, the MEGA study and a co-

3538 indicated that moderate alcohol con-

hort study among elderly
sumption was associated with a decreased risk of VTE. Although
alcohol use is potentially associated with a protective effect on VTE
risk, these results indicate that this effect is small. Potential explana-
tions for discrepancy between the current study and specifically the
cohort study among the elderly®® are the study design (case-control
study design vs. prospective cohort design) and adjustments for a
different set of potential confounders (e.g., in the cohort study, risk
estimates were also adjusted for race, education, income, and cog-
nitive function).

We found a decreased risk of VTE associated with hyperten-
sion. Several studies reported no association between hypertension
and the risk of VTE,*?2%2% whereas the definition of hypertension
in these studies was similar to ours. In contrast, the Nurses' Health
Study and a meta-analysis also reported an increased risk of VTE
associated with hypertension.lS'25 For the latter two, various defi-
nitions of hypertension were provided (e.g., higher cutoff values of
blood pressure [>160/90 mm Hg] and self-reported hypertension). In
this study, higher systolic or diastolic blood pressure were inversely
associated with the risk of VTE, in accordance with the results of
HUNT2 study'? but different from other observational studies that

found either no association?%3

or an inverse association only for
systolic blood pressure.26 In a Mendelian randomization study, no
association was found between systolic blood pressure and risk of
VTE,>3 which suggests that association between blood pressure and
VTE may be explained by unmeasured confounding.

Studies have reported conflicting results on diabetes. Two meta-
analyses and a more recently published case-control study found
no association between diabetes and the risk of VTE,2¢%4>* which
is consistent with our finding. However, three other meta-analyses
concluded that diabetes was associated with a small increased risk
of VTE,*>?%30 albeit in one study, the association disappeared after
further adjustment for traditional cardiovascular risk factors (obe-
sity, hypertension, dyslipidemia, being sedentary, or smoking).29 The
differences among studies may be due to different in- and exclusion
criteria and the number of included confounders. In our study, we
adjusted most important confounders (age, sex, study center, car-
diovascular risk factors, and comorbidities), increasing the validity
of our results.

Notably, statin use may influence the risk of VTE in older individ-
uals. Previous studies investigated the association between statin
use and the risk of recurrent VTE in older patients.*>**>> Two of
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them showed that statin use was associated with a decreased risk
of recurrent VTE,*>**® whereas Nguyen et al. found that statin use
among patients >80 years of age was not significantly associated
with a lower risk of recurrent VTE.>® In our study, we considered the
influence of statin use on the risk estimates of cardiovascular risk
factors and we further adjusted for statin use in our model, but the
results only marginally changed.

With regard to the combined effect of a genetic predisposition
and the presence of a cardiovascular risk factor, we observed that, in
the presence of a genetic predisposition, being in the top 50% of the
distribution of height and weight could further increase the risk of
VTE albeit confidence intervals overlapped. Several studies investi-
gated the combined effect of genetic markers and cardiovascular risk

6,16,28,36,40,41,43,56

factors in young and middle-aged population and

they showed that smoking and obesity could further increase the
risk of VTE caused by FVL or prothrombin mutations'®28:36:40:41.56
and that obesity further increased the risk of VTE in individuals with
non-O blood type.®3¢ Horvei et al. found that prothrombotic geno-
types did not yield excess risk of VTE in taller people,*® in contrast
with our results. The discrepancy between our results and the previ-
ous ones may be largely due to the restriction to the elderly.

Our study has several limitations that need to be acknowledged.
As we restricted our study to the elderly, index event bias may partly
explain the absence of an association between the cardiovascular
risk factors and VTE or even a reversed association when compar-
ing the results with findings in young and middle-aged populations.
The problem of index-event bias can be minimized by adjusting for
as many other risk factors for VTE as possible. We observed that
the risk estimates for the cardiovascular risk factors, when adjust-
ing for other risk factors (i.e., age, sex, BMI, study center, other
cardiovascular risk factors), comorbidities (heart failure, angina,
myocardial infarction, cerebral bleeding, transient ischemic attack,
and cerebral infarction) only marginally changed. This may indicate
that index-event bias did not play a major role in explaining our find-
ings. Furthermore, for most cardiovascular risk factors (body height,
body weight, smoking, alcohol intake, hypertension, and diabetes),
we found similar results as with young and middle-aged population.
Overall, although the ORs trended toward an increased risk of VTE
with obesity, which is well known in other research, we could not
confirm this because confidence intervals were wide. Potentially,
this was due to the limited sample size in our subgroup analyses.
Quist-Paulsen et al. also found a decreased VTE risk with elevated
blood pressure with no clear biological explanation.*? Smoking, alco-
hol use, and diabetes were self-reported, so results may have been
affected by recall bias. In our study, we visited the participants soon
after the first VTE event, which renders misclassification unlikely. In
addition, a previous study demonstrated that self-reported smoking
was a good measure of true smoking status.>” Another limitation is
the restriction of the population to mostly Caucasian people, which
means results may not be generalizable to other race or ethnicity.

Absolute risk estimates cannot obtained from our case-control data.

Larger studies are required to study the potential effect of cardio-
vascular risk factors on VTE risk because of individual genetic risk
factors for VTE.

Strengths of our study are the large sample size of elderly peo-
ple and the measurement of several genetic markers and multiple
cardiovascular risk factors, enabling us to perform detailed analysis
on the risk of VTE for individual risk factors and their combinations.

In conclusion, this study demonstrated that, in patients aged
70 years and older, body weight and body height are positively asso-
ciated with the risk of VTE. Systolic blood pressure, diastolic blood
pressure, and hypertension showed an inverse association with VTE.
No association was observed between smoking, alcohol intake, dia-
betes, and the risk of VTE. In the presence of a genetic predisposi-
tion, higher levels of height and weight further increased the risk of
VTE.
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