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Abstract

Introduction: The relationship between arterial cardiovascuisease (CVD) and venous
thromboembolism (VTE) is debated. The knowledgeuabfestyle as a risk factor for CVD

is substantial, while there are few conclusionsreaehed on the association between lifestyle
and VTE. The aim of this review was to assess wardthown cardiovascular lifestyle risk
factors also are associated to the risk of VTE.

Methods and results: We conducted a PubMed search of the existingatiiee using key
words for venous thromboembolism, cardiovasculseake and lifestyle. All of the lifestyle
factors are established risk factors for CVD. Stadin physical activity and VTE have
diverging results; being physically active was basisociated with decreased and increased
risk of VTE. In contrast, body mass index (BMIyécognized as a risk factor for VTE. Only
two studies are conducted on the relationship betvaget and VTE, and they reach opposite
conclusions. The results on alcohol and VTE werdlming; this is probably due to

different study designs and populations. The otdgydone on coffee and VTE found no
association. Heavy smoking yields an increasedafisKTE. Psychosocial factors have not
been investigated in relation to VTE, except seffarted stress, which has been reported to
increase the risk of pulmonary embolism. Lastlghh$ocioeconomic status was inversely
associated with VTE risk.

Conclusions: BMI is the only clear common risk factor for ba@vD and VTE, while more
studies on general populations are needed to @awusions concerning the other risk
factors.



Introduction
Venous thromboembolism (VTE) is the collective tdandeep vein thrombosis (DVT) and

pulmonary embolism (PE). Deep vein thrombosis accuwst commonly as a thrombus in the
deeper veins of the lower extremity. In some cabesthrombus becomes detached from the
vessel wall, and is transported by the circulatmthe pulmonary arteries as an emboli, and is
known as a pulmonary embolism. Symptoms of DVT#uithe pain, swelling, redness and
tenderness, while PE is usually presented by dyspgaohypnoe and pleuritic chest pain.
DVT and pulmonary embolism have the same pathoplogy and often occur at the same
time. Of those presenting with an event of DVT,88 have asymptomatic or major PE
present. Of those presenting with PE, findings ¥flare positive in 80% of the cases (1).
The incidence of VTE is 1-2 per 1000 in the Westaypulation (2-4), and there are twice as
many DVTs as pulmonary embolisms (5, 6). Sevetaliss have reported that risk of
incident VTE increase markedly with age with andeace from 1 per 100.000 in childhood
to almost 1% in old age (7). Results from the Trarstidy showed that subjects 70 years or
older had an 11-fold increased risk of VTE compdoesiubjects younger than 50 years (8).

VTE is a substantial source to both mortality aratlidity; there are several short- and long-
term complications. The mortality is about 6% a@&olwithin first month after the diagnosis
of DVT and PE, respectively (6). Further emboliaatand death are short-term
complications, while recurrence, post-thrombotisdspme and pulmonary hypertension are
examples of long-term complications. Venous throsioften recur, about 30% develop
recurrence within a 10-year period (9). Furtherm@B86 of the VTE events develop post-
thrombotic syndrome during a 20 year period (1@hwower leg pain, swelling, stasis
dermatitis etc.

Already in the 1870, Rudolf Virchow formulated techows triad, which has been the
foundation in the understanding of the pathophggjplof venous thrombosis. The triad
includes changes in the blood composition, altenatiof blood flow and alterations of the
vessel wall. To date, the pathophysiology is ndyfunderstood, however, there is broad
agreement that venous thromboembolism is a muitifeed disease involving both genetic,
acquired and transient factors. These factors ltde &een in terms of the Virchows triad.
The presence of several factors concurrently enofiecessary for thrombosis to develop.
Genetic components which increase the risk of VAarg,protein C and S deficiency, factor V



Leiden mutation, prothrombin 20210A mutation, hagimcentrations of factor VIII and
antithrombin deficiency (11). Advancing age, choodisease, cancer and obesity are
examples of acquired factors associated with VT&uoence.

Venous thrombosis is the leading cause of preventathospital deaths in the USA (4).
Confinements to hospital or nursing homes arefastors for VTE (12), in a population-
based case-control study, almost 60% of all VTEesagere attributed to institutionalization
(13) where the hospitalization due to medical 8kes or due to surgery was equal. Surgery
and trauma are both risk factors for venous thrasig@d 1). The risk of surgery can further be
stratified based on type of surgery, age, and vénatancer is present (14). Neurosurgery and
hip replacements are examples of procedures wgth tigk of VTE (15). Chronic obstructive
pulmonary disorder (COPD), congestive heart fajlahgonic renal disease, malignancy,
systemic lupus erythematosus (SLE), neurologicsdale with extremity paresis, infections
and central venous catheterization or pacemakealspeassociated with increased risk of
VTE (4, 12, 16). Active cancer accounts for alni2&¥ of incident VTE events (17). The

risk of VTE is 7-fold increased among cancer pasieim fact, VTE is the second leading
cause of death among cancer-patients (18). Iniaddithemotherapy itself increases the risk
of VTE (19). Conversely, patients with idiopathi@ & have increased risk of cancer for at

least 2 years after the VTE-diagnosis (20).

Among women, hormonal contraceptives (OC), hornrepé&acement therapy (HRT),
pregnancy and puerperium are also risk factors¢apus thromboembolism. Women using
oral contraceptives have 3 to 6 times increasédcompared to non-users. The highest risk
of VTE occur during the first year of use, but aoreased risk of VTE persists until
discontinuation (21). Use of hormone replacemesrapy also yields a 2-3 times higher risk
of VTE, and the users of HRT have an higher absaigk of VTE compared to OC users due
to higher age (22). During pregnancy, normal hetogto changes occur, with increasing
levels of coagulation factors, fibrinogen and dasneg levels of anticoagulants components
of the fibrinolytic system (23). This is probablyreechanism which prevents major bleedings
during birth, however, pregnancy and the post-panperiod are transient risk factors for
venous thromboembolism. Pregnant women have 4itoes higher risk of venous
thrombosis than non-pregnant women, and the risknseo be higher in the third trimester
compared to the first and the second trimester. @djing the post-partum period, the risk of

VTE is even higher than during pregnancy (25).
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The association between venous thromboembolisntamiovascular disease have been
debated. Traditionally, arterial cardiovasculaedse (CVD) and VTE are considered two
different diseases with different pathophysiologifferent treatment and different risk
factors. However, this has been challenged oveladtalecade, first by a case-control study
by Prandoni et al. (26), where they found higheuoence of carotid plaques in subjects
with spontaneous DVT, compared to subjects witloiséary thrombosis and controls. Since
then more studies have shown both that VTE iskafaistor for myocardial infarction (MI)

and stroke (27), and that family history of Ml isisk factor for VTE (8). Also the treatment
of the two diseases shows similarities; the JUPI'BRRly revealed that rosuvastatin, a statin
traditionally used to treat high cholesterol toyaret CVD, also yielded a reduction in venous
thrombotic events (28). In addition, aspirin hasveh a possible preventive effect on VTE
(29), low-molecular weight heparins (LMWH) is knowmnbe effective also in the treatment
of CVD (30). Lastly, warfarin is a commonly usedatment for both arterial and venous
thrombosis (31).

In spite of many known risk factors, 25-50% of YAEE cases occur in the absence of any
recognized risk factors (6). Further investigatdmisk factors for VTE can be beneficial for
risk stratification, prevention of substantial agimitions to mortality and morbidity, and
further understanding of the pathophysiology ofaueithromboembolism. Lifestyle is known
to be associated with risk of arterial cardiovaacdisease, in this review we will discuss
whether known lifestyle cardiovascular risk factars related to risk of VTE based on a
PubMed search of the existing literature using\keyds for venous thromboembolism,

cardiovascular disease and lifestyle.

Physical activity and venous thromboembolism
As mentioned, Virchow’s triad has long been theneostone of understanding venous

thromboembolism; he then postulated that bloodsstagich can be caused by
immobilization and physical restriction, was ondle main contributors to this disease.
Contrary, muscle activity yields a distinct deceeasvenous pressure, elevation of the blood
flow, and prevents edema (32-34). Thus, it woulddasonable to believe that physical
exercise will lower the risk of VTE. However, nounoh research is done on this particular
hypothesis, and the results of the existing reeare diverging.



The MEGA-study (35) is a large population-basecaamtrol study, including 3 608 cases
and 4 252 controls aged 18-70 years (table 1). Tihastigated whether participating in
sports activities on a regular basis was associaitickhe risk of VTE, and found that
participating in regular sport activities at leaste a week yielded a 29% reduced risk of
VTE, compared to those who did not participatepgarsactivities. They did not find any
differences in risk estimates for various frequesgcintensities or types of sport. Another
case-control study (36) set out to investigateréfetionship of use of oral contraceptives and
risk of VTE (table 1). They included 196 cases @A controls aged 15-44 years. They
found an increased risk associated with use oflfdCthis risk was reduced among those who
participated in regular and vigorous exercise. i§agprospective cohort (37) including

29 518 Swedish women between 25 and 64 yearsegsitiuk relationship between several
lifestyle factors and risk of VTE (table 1). Onetbé& main findings of their study was that
women who engaged in strenuous exercise (bicyalmgnastics/dancing more than once a
week) were at half the risk of VTE compared to wamno led a sedentary lifestyle, whereas
walking several times a week did not yield the saigaificant protective effect. The
Physicians’ Health Study (38) compared risk facforsCVD, stroke and VTE in 18 662
healthy male physicians (table 1). Whilst they fo@xercise to have a protective effect on
CVD and stroke, it actually yielded an increass#t of VTE, particularly for provoked

events. A longitudinal study (39), investigating impact of exercise on elderly people and
the risk of VTE, reached a similar conclusion (&ab). They included 5 534 participants,
aged 65 years or older and found that mild-intgrestercise such as walking gave a non-
significant beneficial effect, while strenuous exge such as jogging was associated with a
greater risk of VTE compared to no exercise aflde LITE-study (40), also studied exercise
as a cardiovascular risk factor and revealed ifgrhon VTE (table 1). This prospective
cohort, comprising of 19 293 men and women more #tayears old found no association
between physical activity and VTE, but they didealva tendency of increased risk with

increasing levels of activity.

The reason for these very diverging results mainltbe fact that the different studies have
different study designs (case-controls and cohatts$imilar study populations (only women,
only men, only elderly etc.) and different methéalsclassifying physical exercise. It should
be mentioned that only two case-control studies 88% and one prospective study (37),

which collected information on physical exercisgogpectively, found a protective effect of
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exercise on VTE. To collect information retrospeely is a weakness because it could cause
recall bias. Nevertheless, more studies are netedeel able to understand the relationship
between physical exercise and VTE.

Body Mass Index and venous thromboembolism
High body mass index (BMI) is generally relatedrnioreased risk of disease, especially

CVD, heatrt failure and death (41-43). The mechari@nthe relation between high BMI
and VTE is not fully understood. A French studynfr@d003 (44) reported a strong
positive relation between plasminogen activatoranibr-1 (PAI-1) level and BMI. Being
the main fibrinolytic inhibitor, it is plausible &t increased levels of PAI-1, due to high
BMI, may yield an increased risk of VTE. Other sasdhave also suggested that
increased BMI is associated with higher levelsrotlirombotic factors, such as factor
VIl and fibrinogen (45, 46). In addition, increadedels of C-reactive protein, tumor
necrosis factor alpha and interleukin-6 can canS@mmation which in turn may cause
endothelial damage, promote endothelial adhesidecule expression and increase
platelet aggregation (47-50). A recent study shothatlincreased intraabdominal
pressure (IAP) is transmitted to the lower extrasijtby revealing a positive correlation
between waist circumference and the femoral veid,the fact that obese patients had
higher venous outflow obstruction than lean sulsjés1).

Already in 1983, the Framingham study (52) conatlidteat weight reduction in obese
women might reduce the risk of pulmonary embolitablé 2). A decade later, the same
authors again concluded that obesity was a rigofdor PE in The Nurses’ Health Study
(53) (table 2). Both were prospective cohorts idolg women. The LITE study (40)
found BMI to be a strong, independent risk factor¥TE (table 2). In concordance with
the above mentioned articles about mechanisms stinggest that this is caused by the
fact that obesity is associated with venous stasid,higher levels of prothrombotic
factors, but also point out that obese individuadsy be more likely to be hospitalized,
and therefore immobilized. Furthermore, the Phgsisi Health Study (38) found BMI to
be an even stronger risk factor for VTE than forlC&hd stroke (table 2).

In The Tromsg Study (54), a prospective cohortudiclg 6 708 men and women aged 25
to 84 years, they also found BMI to be a risk faébo VTE, but they concluded that

waist circumference (WC) is a more accurate medsurebesity and the risk of VTE
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(table 2). In a review from 2003 (55), they conéddhat obesity was only a weak risk
factor for VTE. As a sharp contrast to previous tieered articles, Heit et al. (12)
conducted a nested case-control study, where thagiuded that BMI was not a risk
factor for VTE (table 2). However, they point obat their ability to identify an above-
normal BMI was limited because they were missingssantial data on height and weight
among controls. In a study based on the RIETE mggiS6), they enrolled 10 114
patients in 2007 (table 2). Their aim was to iniggge the influence of BMI on mortality
in patients with VTE and they concluded that oljgsteents have less than half the
mortality rate, compared with patients with norB8I. With this finding, they suggest
that there exists an “obese paradox” in patients WirE. Although they point out that it
is well known that underweight patients with VTEstahigher risk of major bleeding,
this still does not explain the lower incidencdaifl PE, or the similar rate of VTE
recurrence in all BMI groups. They are not ableuggest a pathophysiological

mechanism responsible for their finding.

It is a clear overweight of those who find BMI te &n independent risk factor, and the
one article who conclude that BMI is not a risktéa@dmits to a major weakness, they
lack information on height and weight on many af tontrols. Based on this it is fair to
conclude that BMI is an established, independesitfactor for VTE.

Diet and venous thromboembolism
In 1952, Jensen (57) published an article on tlveedse in postoperative thromboembolism

in Norway during the Second World War. He elimimbseveral possible explanations for the
decrease, and finally concluded that it had toueetd the altered diet during the war years
(1940-45). Because of war-restrictions the digh@gNorwegian population was low in meat,
high fat dairies, eggs, fruit, berries, sugar amiflee, and high in vegetables and fish (58).
Diet and arterial cardiovascular diseases (CVD)ldwssn extensively investigated. Lately,
several articles have pinpointed that studyingadiepatterns has greater value than studying
isolated nutrients because people usually have lnaiets, and nutrients may have
synergistic effects on one another (59). Dietatygoas and CVD have been shown to be
strongly related (60, 61). Still, very little is &wn about venous thromboembolism and

dietary patterns.



Not surprisingly, diet has been shown to affecesavhaemostatic factors like factor VIII,
fibrinogen, antithrombin 1, protein S (62) andap#let count and activity (63), in addition to
factor VIl (62, 63) and PAI-1 (62, 64). These fastare related to VTE in varying degrees
(65-69). Only two articles are published studyihg aissociation between isolated nutrients
and dietary patterns and risk of venous thrombodisthoThe LITE-study, a prospective
cohort, including almost 15 000 middle-aged ad(®, tested their hypothesis that foods
rich in B vitamins and-3 fatty acids are negatively associated and nmeake positively
associated with incident VTE (table 3). They codeldi that a diet including more plant foods
and fish and less red and processed meat is aegbwih a lower incidence of VTE. They
also identified dietary patterns by using principamponent analysis, and found a non-
significant protective effect among those with kinghest prudent dietary scores (high
consumption of fish, fruit and vegetables) andgai§icant increased risk associated with high
western dietary score (high consumption of red¢@ssed meat and saturated fat). Another
prospective cohort published two years later, atadied both isolated nutrients and dietary
patterns, but their conclusion was not in concocdamith LITE. The lowa Women'’s Health
Study (IWHS) (71) including elderly, predominaniite women concluded that a greater
intake of alcohol was associated with a lower aggkcident VTE, but found no other
independent associations between diet and VTE@bIThey also used factor analysis to
identify dietary patterns. The prudent pattern alzaracterised by high intake of vegetables,
fruit, and poultry. Those defined as having a wespattern had a greater intake of processed
meat, non-cereal whole grains, and added fats #gsmdltiey found no association between

neither prudent nor western dietary patterns, ehdaf VTE.

In the lowa study (71) it was discussed why theguits diverged from the results in the LITE
study (70) first and foremost pointing out the dgéerence in the two studies. The mean age
at midpoint in IWHS is 12 years older than the mage in LITE. They point out that for
example metabolism change with age, and that mitaiesorption usually declines in addition
to attenuated kidney function and energy need,Alte follow-up in IWHS is 7 years

longer than in LITE, which may have led to greatietary misclassification in the older
IWHS-population. Furthermore, they have used dffiéiquestionnaires. IWHS have included
127 questions, while LITE only have 66 questiorfisTnay lead to LITE getting less
extensive information, but maybe more accurate arsWecause it is easier to fulfil a shorter

guestionnaire. The fact that the lowa study onlestigates the association in elderly women
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clearly attenuates their generalizability. Only tgtadies, with opposite conclusions does not

give us an answer to the relationship betweenashdtVTE.

Alcohol and venous thromboembolism
The association between alcohol consumption amdiartardiovascular diseases has been

extensively investigated, and the conclusion i$ thaderate alcohol consumption has a
beneficial effect on CVD (72, 73). Several studiase also indicated that alcohol affects
numerous factors involved in haemostasis, suchvasring fibrinogen (74-76), factor VII,
von Willebrand factor and plasma viscosity (76)addition to inhibiting platelet aggregation
(77) and yielding an increase in levels of tisslasminogen activator (74, 75). Still, the
relationship between alcohol consumption and vetimasnboembolism (VTE) is not well
described, and the results from existing studieslarerging.

A prospective cohort, including predominantly elgewhite women from lowa, New Haven
and East Boston (78), found that light to modeadtehol consumption was associated with a
decreased risk of VTE (table 4). However, the fagdivas only significant in East Boston,
due to a generally low consumption in lowa and NHaven. Also a Swedish cohort (37),
studying lifestyle factors and VTE on a populatwino consisted of middle-aged women,
concluded that women who were non-smokers, phygiaative and had moderate alcohol
consumption were at lower risk of VTE (table 4) eTHTE-study (40), a prospective cohort
with a median follow up of 8 years, including mdnan 19 000 middle-aged and elderly men
and women, investigated the association betweslitivnal cardiovascular risk factors and
risk of VTE (table 4). In contrast to the two formmentioned studies, the LITE-study found
no association between alcohol consumption andofiSKTE. Another prospective cohort
studying male physicians (38), compared risk factor coronary hearth diseases, stroke and
venous thromboembolism (table 4). They found thaihel was protective against coronary
heart disease, but not associated with stroke &.\MWo case-control studies landed on
opposite conclusions. One of them, a large stud@waich men and women (79), found that
subjects with a history of previous VTE had lowkoaol intake than controls, where 2-4
glasses per day resulted in the largest beneétiatt (table 4). They also revealed that
alcohol consumers had a concomitant decreaserindien; this was suggested as an
explanation for the decreased risk associated With. In contrast, a French case-control
study (80) studying several possible risk factorsdeep vein thrombosis in medical
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outpatients found no association between alcohdNarE (table 4). The only study
investigating the impact of different alcohol tyed risk of VTE is the lowa Women'’s
Health Study (71) (table 4). This large prospectiwbort on elderly women reported an
observed protective effect of beer consumption carigl no association between wine or

liquor and risk of VTE.

The diverging results in these studies can togelaxtent be explained by different study
design; most of them are prospective cohorts, dnmesare case-control studies. Although, the
largest difference is probably the study populaj@ome only study elderly, white women,
others only male physicians, this may have a snbatampact on the results knowing that
there is generally difference in drinking pattebesween elderly and middle aged and
between men and women. This will attenuate thereatgeneralizability, and make them

less comparable to each other. How they classifyhal consumption is also important, the
Dutch study has more than 10 glasses of alcohalg@gas their highest exposure, while the
lowa Women’s Health Study only has more than oasggper week as their highest exposure,
and others use occasional or daily consumptioheis dnly classification (38). The relation

between alcohol consumption and VTE is still nadenstood.

Coffee consumption and venous thromboembolism
Consumption of coffee has been associated with rdeswyders (81), and there are numerous

studies concerning coffee consumption and arteaadiovascular disease. Even the
University of Tromsg is recognised for the findioighe association between boiled coffee
and cholesterol-levels (82). However, whether eftean independent risk factor for arterial
cardiovascular disease remains debated. Some stuale found an increased risk of
cardiovascular disease (83-86), some have not fangdssociation (83, 86-88), while others
have even found an inverse association betweeneoffake and CVD incidence (89-92) and
mortality (91, 93-95).

Only one observational study has investigated ¢tagion between coffee intake and venous
thromboembolism (71). The lowa Women'’s Health stisdy prospective cohort study which
included almost 40 000 older women, and 1950 evadNg E was registered during a
follow-up of a median of 13 years (table 5). Thmnclusion was that coffee was inversely
associated to VTE risk in multivariable analysedjsted for age, kilojoules, education,
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smoking status and physical activity), however,dbgociation attenuated after further

adjustments for diabetes and BMI.

Coffee is a liquid containing many different sulnstas. What first comes to mind is caffeine,
while other substances are polyphenols, diterpefiiasnin E and B3, magnesium and
potassium (81), and it is believed that coffee mmaye both beneficial and detrimental effects
on health. Caffeine has been associated to stimonlaf the central nervous system, acute
elevation of blood pressure, increased diuresisnaetdbolic rate (81). Diterpenes (kahweol
and cafestol) are present in boiled coffee, ane lzasholesterol-raising effect, however, this
effect can be avoided by using paper filter wheappring coffee (96). Another compound
which has been studied is polyphenols. These hatvexadant properties which can affect the

oxidation of LDL cholesterol, furthermore, they maftuence platelet aggregation (97).

Smoking and venous thromboembolism
Smoking is an established risk factor for cardicuter disease, however, the findings

concerning smoking and risk of venous thrombosascanflicting. Numerous studies have
not found any association (8, 38, 40, 98, 99), evfile prospective studies (37, 53, 100-102)
and two case-control studies (103, 104) have faupdsitive association between smoking
habits and venous thrombosis (table 6). Suggestddrlying mechanisms for this association
have been increased levels of coagulations faatmidibrinogen (105-107), defect
fibrinolysis (105, 108, 109), impaired endothefiahction (110-112) and possibly increased
platelet aggregation (105, 112).

Among the studies reporting no association betveeeoking and venous thrombosis are two
large cohort studies of male physicians (38) anchefi and women aged5 years (40). The
LITE study (40) found no relation between VTE raskd smoking status or number of pack-
years, while the Physicians’ Health Study (38)orégd that smoking status is associated to
CVD, but not to venous thrombosis. Supporting tHeslngs is a meta-analysis published by
Ageno and co-workers (98) where 21 studies weraded, however, only 4 of these were
prospective cohort studies. Smoking status andofisienous thrombosis has also been
investigated in the Tromsg study (8) and in the HeBtudy (99) without finding any

association.
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Two cohorts including middle-aged women, The Nurkeslth Study (53) and the Swedish
MISS-study (37), found smoking at least 25 cigaefier day or more than 100.000
cigarettes ever, compared to never-smokers, wagiagsd with increased risk of pulmonary
embolism or VTE. Supporting results were reportednother Swedish cohort study
including middle-aged men where smoking >15 cigasgber day was associated with a
nearly 3-times increased risk of VTE (101). The @apagen City Heart study found an
association between VTE risk and heavy smoki% (g tobacco per day vs. never smokers)
(102). A large case-control study (the MEGA-studlgo found increased risk of VTE among
current and former smokers (103). In concordandk thie others, daily amounts of cigarettes
were associated to venous thrombosis in a dosaadepemanner. Increased risk of VTE was
also reported in the Danish prospective study “Bieincer and Health” where men and
women aged 50-64 were included and followed forealian of 10.2 years (100). There was a
positive association between current smoking an& \iif addition, smoking >20 cigarettes
for women, and >30 cigarettes for men, increaseditk of VTE markedly, and the authors
suggest a possible threshold effect of smokingtheamore, the lowa Women’s Health study,
including elderly women only, reported a 20% inseghrisk of VTE among current and
former smokers, as well as a positive associatmoorg the heavy smokers20 pack-years)
(113) (table 6). However, the association was iastt to provoked VTE only, and cancer-
related VTE was responsible for this associatidiB{1The association between smoking
duration and risk of VTE has not been assessedL(#8B,102) or was not dose-dependently

associated (103) with VTE in the abovementionedistu

Several explanations for different results haventmeygested, where different study designs
and different populations are two of them. Diffdrelassification of smoking habits is
another explanation. Most of the studies not figdan association have only studied the
association between smoking status (current, foemdmever smoking) and risk of VTE,
while further investigation of smoking doses hasrbleft out. The overall conclusion of
studies finding an association is that heavy snlsrassociated with increased risk of
venous thrombosis, although the different studasetound different thresholds. A third
explanation for the conflicting results is confoumglsince the studies have different
multivariable models. Only some of them have ineldidnportant confounders such as
smoking-attributable disease in the analyses. Tdnadb study “Diet, cancer and health”
(100) included analyses for non-cancer related WhEre positive risk estimates remained,

although not significant. Hansson et al. found Entesults in their multivariable analyses
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where cancer, myocardial infraction, stroke andbelies mellitus during follow-up were
included (101). The lowa Women'’s Health Study wessfirst to report that the observed
association between smoking and venous thrombassivwen by cancer (113).

Psychosocial factorsand venous thromboembolism

Hemingway and Marmot defines a psychosocial faas@ measurement that potentially

relates psychological phenomena to the social environment and to pathophysiol ogical

changes (114). Some of these factors may be clinical depressimhdepressive symptoms,
loneliness and social support, chronic stressproptn and positive affect. Positive affect
reflects an individual's level of pleasurable ergragnt with the environment, and consists of

terms like enthusiasm, joy, happiness, excitemedtcantentment (115).

Psychosocial factors have been related to healtheapecially to cardiovascular disease.
Positive affect and optimism have been related ttheficial effects on all-cause mortality
(116) and cardiovascular mortality(117). Converseggative traits such as stress (118),
depression, depressive symptoms, loneliness akafaocial support have been associated
with higher all-cause mortality (119-121) and caw@iscular mortality (118, 122-124).
Myocardial infarction has also been associated siitbss, both at work and at home,
financial stress and stressful life events (12%pi@ssion and depressive symptoms have
been predictive for incident coronary heart dis€@4¢D) (126, 127). Higher risk of CHD has
been reported among chronically lonely women (128§ among female homemakers
reporting loneliness during the day (129). An iresassociation between CHD and optimism

has been reported in cohort studies (130, 131).

There are many proposed mechanisms for the obsasgetiations between psychosocial
factors and health. Health behavioural factors b@ymportant confounders. Cigarette
smoking, dietary habits, physical activity, alcobhohsumption and obesity may depend on
psychosocial factors as depression or social stipfinother explanation may be reverse
causation. Subjects experiencing more positivéstrany have a better health and less pre-
existing disease. The observed associations mayalsaused by biological pathways.
Psychosocial factors have been associated wittaatins of the autonomous nerve system,
the hypothalamic-pituitary-adrenal axis, platelgtdtion, the immune system and
inflammation (120, 132-135).
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Knowledge about the association between venousitiwembolism and psychosocial factors
is limited. Only one observational study aimed togpectively investigate the relation
between psychosocial factors and venous thromboksmbdrosengren and co-workers
found that persistent stress increased the rigkilohonary embolism among 7 046 middle-
aged men (136) (table 7). Other psychosocial facgurch as depression and depressive
symptoms, loneliness and social support, optimisth@ositive affect have not been

investigated in association with VTE.

Socioeconomic status and venous thromboembolism

Socioeconomic status (SES) is the expression nedeto the social position of an individual
compared to other members of the same society .(IT8&)ye are many indicators related to
SES, however, the three most utilized conceptedweation level, occupational status or
income (138).

To our knowledge, there are four observationalisgid/hich have included socioeconomic
status as one of the variables of interest in thegstigation of the association between
socioeconomic status and venous thromboembolistittiRed co-workers did not find any
association between education (treated as a dictonts variable, less or more than high
school level) and VTE in a nested case control ®&ltases and 8174 controls conducted in
1961-1976 among women aged 18-54 (139) (tabl®@osite findings was found in another
cohort study, The lowa Women'’s health study, wiadreut 40.000 women were followed for
a median of 13 years (113) (table 8). They fourad éalucation level of high school or higher
was associated with decreased risk of VTE in aeslgsljusted for age, smoking status,
physical activity and BMI. Education and househaltbme was investigated in the Danish
Copenhagen City Heart study (102) (table 8). Thalso a prospective cohort study including
adult men and women. After a median follow-up ofslgears, they found an increased risk
of VTE among participants with low household incoooenpared to middle household
income, and a decreased risk among those with @aagdn of more than 11 years compared
to less than 8 years of education in age- and dateime-adjusted analyses. However, in
multivariable analyses, only household income wsigaificant independent risk factor of
venous thrombosis. A Swedish prospective studydiog middle-aged men only (136)

found that occupational class was a risk factor DE (table 8). A low occupational class
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(unskilled or skilled manual workers) was assodatéh increased risk of VTE compared

with higher occupational classes.

Socioeconomic status has previously been assod@iadident arterial cardiovascular
disease (140), cardiovascular mortality (141-14®) averall mortality (144, 145) in several
studies. However, explanations for these findirggsain unsolved. One explanation is
behavioral factors, such as smoking, diet pattanmsphysical exercise. It is also thought that
those with higher education have more knowledgeiabealth beneficial behavior (137).
Another suggestion has been psychological factbose in a lower social class experience
more job strain, higher work demands and less iddat control, financial stress, social
isolation, depressive symptoms etc. than peopteginer social classes. A material theory has
also been discussed. People with high SES hawver hettising, can afford health insurances,
and have resources to pay for health expensesTgpe of neighborhood (e.g. exposure to
air pollution, crime etc.) have also been suggeasedn explanation. Furthermore, different
treatment by the health services can also be amdasthe observed effects between SES
and risk of CVD (115).

Discussion and conclusions
This paper has reviewed what is known about seeardiovascular lifestyle risk factors;

physical activity, BMI, diet, alcohol consumptiagffee consumption, smoking, emotional
states and socioeconomic status and their assotiatVTE. There are extensive knowledge
about lifestyle factors and their association toDZYut the knowledge about lifestyle factors

and VTE is, as we have shown, scarce.

As we have seen, some of the lifestyle factors tiighcommon risk factors for CVD and
VTE. High BMI, heavy smoking, stress and low socm®mic status seem to yield an
increased risk also in VTE, and a majority of thedges find that moderate alcohol
consumption is inversely associated to VTE. Othetdrs like physical activity have shown
tendencies of opposite effects on the two diseasesjdering that some of the large cohort
studies find an increased risk of VTE associatetl strenuous physical activity. Diet, a solid
risk factor for CVD, has only been investigatedilwy studies who reached two opposite
conclusions in regard to its relationship with VT&milarly, coffee and VTE have only been
studied once. These are factors where it is faetoty to predict anything about their
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association to VTE. Furthermore, several of thaetexg studies are conducted on specific
populations including only men or women, and/oroarage groups. In addition, several
studies are retrospective and only based on gedifed data. In order to reach a conclusion
concerning all these lifestyle factors and VTE, enprospective studies on a general

population are needed.
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Tables

Table 1. Summary of studieson physical activity and venous thromboembolism

Reference Study design | Purpose Study Main findings
(Year) population
Tsai et al Cohort Association 19 293 men and No relationship
(2002) between women 45-64 | between arterial ris
traditional years old factors and risk of
cardiovascular VTE
risk factors and
risk for VTE
Glynnetal | Cohort Compare risk 18 662 male Exercise protects
(2005) factors for the physicians 40- | against CVD and
competing risk of | 84 years old stroke, but is
CVD, stroke and positively
VTE associated with
VTE
Sidney et al | Case-control Relationship 196/746 The increased risk
(2004) between oral women 15-44 | associated with use
contraceptives years old of OR was reduced
(OR) and risk of among those who
VTE exercised
Van Stralen | Case-control Relationship 3608/ 4 252 Regular sport
et al (2007) between sport men and activities reduce the
activities and women 18-70 | risk of VTE
VTE years old
Van Stralen | Cohort Study weather | 5534 men and | Strenuous exercise
et al (2008) exercise is women >65 was associated with
associated with | years old higher risk of VTE
risk of VTE in
elderly
Lindgvist et | Cohort Explore the 29 518 women | Physically active
al (2008) relationship 25-64 years old| women were at

between lifestyle
factors and VTE
in women

reduced risk of
VTE
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Table 2. Summary of studieson Body Mass | ndex (BMI) and venous thromboembolism.

Reference Study design | Purpose Study Main findings

(Year) population

Goldhaber et al | Cohort Assess potential3 470 men and | Increased

(1983) risk factors for | women, mean | adiposity in

major PE age 43.7 and | women is an
43.9 important long-
respectively term risk factor
for PE
Goldhaber et al | Cohort Investigate risk| 112 822 women Obesity is

(1997)

factors for PE

30-55 years old

associated with

in women increased risk of

PE in women

Heit et al (2000) | Nested caset Identify 625/625 men | BMI is not an
control independent and women independent risk

risk factors for
VTE

factor for VTE

Tsai et al (2002)| Cohort Association | 19 293 men and BMI is a strong
between women 45-64 | independent risk
traditional years old factor for VTE
cardiovascular
risk factors and
risk for VTE

Glynn et al Cohort Compare risk | 18 662 male Higher BMI was

(2005) factors for the | physicians 40- | more strongly
competing risk | 84 years old associated with
of CVD, stroke risk of VTE than
and VTE of either CVD or

stroke

Barba et al Register study Influence of | 10 114 men and Obese patients

(2008) BMI on women with acute VTE
mortality in have less than
patients with half the
acute VTE mortality rate

when compared
with normal
BMI patents

Borch et al Cohort Assess the 6 708 men and | BMI is a risk

(2010) impact of women 25-84 | factor for VTE,
various obesity | years old but waist

measures on
identification of
subjects at risk
of VTE

circumference is
better at
identifying
subjects at risk

32



Table 3. Summary of studieson diet and venous thromboembolism

Reference Study design | Purpose Study Main findings
(Year) population
Steffen etal | Cohort Explore the 14 962 men | A diet including
(2007) relation and women | more plant food and
between diet | 45-64 years | fish and less red an
and VTE old processed meat is
associated with
lower incidence of
VTE.
Lutsey et al Cohort Explore the role 37 393 No independent
(2009) of diet in the women 55- | association betweel
development of| 69 years old | diet and VTE

VTE

N
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Table 4. Alcohol consumption and venous thromboembolism

Reference | Study Purpose Study Main findings
(Year) design population
Pahor et al | Cohort Assess whether | 7 959 men and | Low to moderate
(1996) low to moderate | women >68 years alcohol
alcohol old consumption is
consumption associated with a
decreases the risk decreased risk of
of DVT and PE VTE in older
subjects
Samama et| Case- Exploring risk 636/636 men and No association
al (2000) control factors for VTE | women, mean between alcohol
in age for cases angland VTE
nonhospitalized | controls at
subjects baseline 59.1 and
58.1, respectively
Tsaietal | Cohort Association 19 293 men and | No relationship
(2002) between women 45-64 between arterial
traditional years old risk factors and
cardiovascular risk of VTE
risk factors and
risk for VTE
Glynn et al | Cohort Compare risk 18 662 male Daily alcohol
(2005) factors for the physicians 40-84| consumption
competing risk of| years old protects against
CVD, stroke and CVD, but show ng
VTE relation to VTE
Pomp et al | Case- Explore the 4 423/5 235 men| Alcohol
(2007) control relationship and women, consumption is
between alcohol | mean age for associated with
consumption and| cases and reduced risk of
VTE controls at VTE
baseline 48.5
46.8 respectively
Lindgvist et| Cohort Explore the 29 518 women | Moderate alcohol
al (2008) relationship 25-64 years old | consumption is
between lifestyle related to lower
factors and VTE incidence of VTE
in women in women
Lutsey et al| Cohort Explore the role | 37 393 women | Greater intake of
(2009) of diet in the 55-69 years old | alcohol is
development of associated with a
VTE lower risk of

incident VTE in
older women
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Table 5. Coffee consumption and venous thromboembolism.

Reference Study design | Purpose Study Main findings
(year) population
Lutsey et al | Cohort Explore the role 37 393 Coffee consumption
(2009) of diet and food | women>65 | was associated with
groups in the yrs reduced risk of
development of VTE, but the
VTE association
diminished when
adjusting for BMI
and diabetes.
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Table 6. Summary of studies on smoking and venous thromboembolism

Reference | Study Purpose Study Main findings
(year) design population
Glynn et al| Cohort Compare the 18662 male | Current (HR 0.92
(2005) relative risks of | physicians (0.63-1.33) nor former
CHD, stroke and| aged 40-84 | (HR 0.92 (0.74-1.16)
VTE associated | yrs smoking were not risk
with established factors for VTE.
risk factors
Tsaietal | Cohort Determine 19293 men | Smoking status and
(2002) whether and women | pack-years of smoking
atherosclerotic | >45 yrs were not associated
risk factors also with risk of VTE.
are associated
with VTE
Ageno et al | Meta- Assess the 63552 (21 Smoking status was n
(2008) analysis association studies associated with VTE
between included (4 risk (HR 1.15 (0.92-
cardiovascular | cohorts) 1.44), neither in case
risk factors and control or cohort
VTE risk studies
Quist- Nested Investigate the | 515 cases and Smoking status is not
Paulsen et | case- relation between| 1505 controls | risk factor of VTE:
al (2009) control cardiovascular HR=0.9 (0.7-1.1)
study risk factors and
VTE risk
Breekkan et| Cohort Determine the | 21330 men Smoking status is not
al (2008) impact of and women | risk factor of VTE (HR
cardiovascular | aged 25-95 | 1.04 (0.82-1.33)
risk factors on | yrs
risk of VTE
Severinsen | Cohort Investigate the | 57053 men | Smoking status
et al (2009) relation between| and women | increase risk of VTE
smoking and aged 50-64 | (?-HR: 1.52 (1.15-
VTE. yrs 2.00)3-HR: 1.32
(2.00-1.74). Smoking
>20 g tobacco/day for
women and 30g/day
for men increased the
risk of VTE markedly.
Goldhaber | Cohort Investigate risk | 112822 Heavy cigarette
et al (1997) factors of female nurses| smokers had increase
pulmonary aged 30-55 | risk of PE, 25-34
embolism in yIs. cig/day: HR=1.8 (1.2-
women 2.9),>35 cig/day:
HR=2.1 (1.2-3.6).
Hansson et| Cohort Study long-term| 855 men aged Heavy smokingX15 g
al (1999) risk factors for | 50 at baseline| tobacco/day) increase

VTE

=

the risk of VTE
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(HR=2.82 (1.30-6.13)

D

Holstn et al | Cohort Study 18954 men | >25g tobacco/day
(2010) associations and women | increase risk of VTE
between >20 years (HR1.52 (1.15-2.01)
cardiovascular
risk factors and
VTE
Lindgvist et| Cohort Assess the 24098 women| Heavy smoking
al (2009) association aged 25-64 | (>100.000 cigarettes
between lifestyle| years ever) increased the ris
factors and VTE of VTE by 30%
risk (HR=1.3 (1.0-1.7)).
Pomp et al | Case- Evaluate the 3989 cases | Current (HR=1.43
(2008) control association and 4900 (1.28-1.60) and former
between controls (HR=1.23 (1.09-1.38)
smoking and smoking increased the
VTE, with the risk of venous
joint effect of thrombosis, number of
contraceptive pack-years was
pills and factor V associated to the risk (
Leiden mutation. VTE, where youngest
heavy smokers had th
highest VTE risk.
Tosetto et | Case- Identify risk 116 cases and Smoking increase the
al (2003) control factors for VTE | 14939 risk of VTE (OR: 1.7
in a active controls (18- | (1.0-2.7)
population 65 yrs)
Lutsey et al| Cohort Explore the 40377 Smoking status and
(2010) association women>65 number of pack-years
between yrs were associated to risk
demographic, of VTE, especially
lifestyle and provoked VTE. The

anthropometric
factors and risk
of VTE

association was
probably due to cance

r

related VTE.
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Table 7. Summary of studieson psychosocial factors and venous thromboembolism.

Reference Study Study purpose | Study Main findings
(year) design population
Rosengren et Cohort Determine 6958 middle- Persistent stress
al (2002) whether VTE | aged men increase risk of PE:
is related to HR=1.80 (1.21-2.67
stress and
occupational
status
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Table 8. Summary of studies on socioeconomic status and venous thromboembolism.

Reference | Study Purpose Study Main findings
(year) design population
Petitti et al | Nested Evaluate the 38 cases and | Education level and
(1978) case-control association of OC 8174 controls | risk of VTE are not
use, smoking and related.
other factors, and
unprovoked VTE
Rosengren | Cohort Determine 6958 middle- | Occupational statug
et al (2002) whether VTE is | aged men is inversely
related to stress associated to risk of
and occupational PE. High vs. low
status occupational class:
HR=0.57 (0.39-
0.83)
Lutsey et al| Cohort Explore the 40377 women | Education at high
(2010) association >65 yrs. school level
between (HR=0.84 (0.75-
demographic, 0.94) or higher
lifestyle and (HR=0.87 (0.77-
anthropometric 0.97) decrease the
factors and VTE risk of VTE
risk compared to
education less than
high school.
Holst et al | Cohort Explore the 18954 adult Household income
(2010) association men and is inversely related
between women>20 yrs | to risk of VTE.

atherosclerotic
risk factors and
VTE risk

Medium vs. low
income: HR=0.82
(0.70-0.95)
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