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A B S T R A C T   

Introduction: Evidence on the associations of lifestyle factors with venous thromboembolism (VTE) is inconsistent. 
We aimed to investigate the associations of modifiable lifestyle factors with VTE in women and men. 
Methods: We used data from two cohorts comprising 30,137 women and 36,193 men aged over 45 years and free 
of cancer and VTE. Information on lifestyle factors was collected in 1997 via a self-administrated questionnaire. 
VTE cases were ascertained by linkage with the National Patient Register until the end of 2019. 
Results: During a mean of 16.9-years follow-up, 1784 women and 2043 men were diagnosed with VTE. Compared 
with individuals with <10 min/day of physical activity, the multivariable hazard ratios (HRs) of VTE were 0.67 
(95% confidence interval (CI), 0.58, 0.79) and 0.78 (95% CI, 0.67, 0.92) in women and men with >60 min/day, 
respectively. Compared with individuals with the lowest adherence to a modified Dietary Approaches to Stop 
Hypertension diet, the multivariable HRs of VTE were 0.87 (95% CI, 0.75, 0.99) and 0.88 (95% CI, 0.80, 1.00) for 
women and men with the highest adherence. In women, the multivariable HRs of VTE were 1.16 (95% CI, 1.03, 
1.29) for past smoker and 1.28 (95% CI, 1.14, 1.45) for current smoker compared with never smoker. Alcohol 
and coffee consumption were not associated with VTE. 
Conclusions: This study suggests that being physically active and adhering to a healthy diet may lower the risk of 
VTE in women and men. Cigarette smoking was positively associated with VTE in women.   

1. Introduction 

Venous thromboembolism (VTE), consisting of deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is a common cardiovascular dis-
ease and contribute to a high global disease burden [1–3]. Trauma, 
congestive heart failure and cancer, have been identified to play 
important roles in VTE [4]. Recent studies broadened the pool of risk 
factor for VTE with emphasis on modifiable lifestyle factors, encour-
aging prevention strategies that concomitantly address VTE and other 
cardiovascular disease [4–6]. Nevertheless, evidence on the associations 
of different lifestyle factors with VTE is inconsistent. 

A meta-analysis involving 32 studies found that both former and 
current cigarette smoking were associated with an increased risk of VTE 
[7]. However, a recent Mendelian randomization study revealed that 
genetically proxied smoking initiation was associated with VTE in a 
cohort of both women and men (UK Biobank), but not in a cohort 

comprising mainly men (Million Veteran Program) [8]. In addition, the 
moderately increased risk of VTE in smokers might be attributed to 
confounding by other risk factors, such as lower physical activity [9] and 
occurrence of smoking-related diseases [10]. Thus, whether smoking 
exerts independent effects on VTE remains undetermined. Alcohol 
consumption was not related to VTE in studies encompassing both 
women and men [11], whereas whether this association exists in women 
or men separately is inconclusive [11–13]. Data on coffee consumption 
[13–15] and diet [13,16,17] in relation to VTE are limited or conflicting. 
Although physical activity as a whole was inversely associated with VTE 
risk, the association of daily leisure time activity with VTE might differ 
due to the heterogeneity in types and amount of different physical ac-
tivities [9]. Sex differences have been observed in the associations of 
certain lifestyle factors with risk of VTE [8,11,18]. Here, we performed 
analyses based on two cohort studies in women and men to better define 
the associations of modifiable lifestyle factors, including cigarette 
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smoking, alcohol and coffee consumption, physical activity and an index 
of overall diet quality, with risk of VTE and reveal possible sex differ-
ences in these associations. 

2. Material and methods 

2.1. Study population 

The present study was based on data from the National Research 
Infrastructure SIMPLER (Swedish Infrastructure for Medical Population- 
based Life-course Environmental Research), which includes the Cohort 
of Swedish Men (COSM) and the Swedish Mammography Cohort (SMC). 
The COSM began in the late autumn of 1997 when 48,850 of all men 
(49%) who were 45 to 79 years of age and resided in Västmanland or 
Örebro county completed a questionnaire about demographic features, 
diet, alcohol drinking, smoking habits, physical activity and other life-
style factors. The SMC was established in 1987 to 1990 when all women 
who were born between 1914 and 1948 and resided in Västmanland or 
Uppsala county were invited to answer a self-administered question-
naire regarding diet and reproductive factors. In the autumn of 1997, 
SMC participants who were alive and still living in the study area 
received an expanded questionnaire (similar to the questionnaire used in 
the COSM) and 39,227 women aged 49 to 83 years out of all invited 
individuals (70%) responded. These two cohorts are representative of 
Swedish women and men in this age range regarding education level, 
prevalence of being overweight and health status [19,20]. The survey in 
1997 was regarded as the baseline of the present study since information 
on all lifestyle factors was obtained in 1997 in both data sources. 

Study population is displayed in Supplementary Fig. 1. After exclu-
sion of individuals who had an incorrect or a missing personal identi-
fication number, died before January 1, 1998, had history of cancer or 
VTE, had missing information on any of lifestyle factors, and had 
extreme energy intakes (3 SDs from the loge-transformed mean energy 
intake in men and women separately), 30,137 women and 36,193 men 
were included in the analysis. The study has been approved by the 
Swedish Ethical Review Authority (Dnr: 2019-03986). All participants 
have provided their informed consent. 

2.2. Lifestyle factor assessment 

Information on cigarette smoking, and alcohol and coffee con-
sumption were obtained by a self-administered questionnaire at baseline 
in 1997. The status and dose of cigarette smoking, and number of cups of 
coffee consumed per day were reported. Alcohol consumption was 
measured by six alcoholic beverages, including light beer (alcohol by 
volume < 2.25%), beer (2.8–3.5%), strong beer (4.4–5.6%), wine 
(12–13.5%), fortified wine (15–22%) and liquor (40%). Information on 
amount of beer, wine and liquor consumed on a single occasion and 
frequency of drinking were collected in the questionnaire. Alcohol 
(ethanol) intake was estimated by multiplying the frequency of intake of 
each alcoholic beverage by the amount consumed, taking into account 
the ethanol content of the different alcoholic beverages. Physical ac-
tivity was assessed by a validated questionnaire where time spent on 
various activity in the last year was inquired [21,22]. We added up time 
spent per week on walking/bicycling and exercise to represent the levels 
of physical activity in this study. 

The habitual dietary intake during the previous year was assessed 
with a valid and reproducible 96-item food-frequency questionnaire 
[23]. A modified Dietary Approaches to Stop Hypertension (mDASH) 
diet score was constructed based on consumption of seven food groups, 
including fruits, vegetables, nuts and legumes, whole grains, and low-fat 
dairy products as healthy components and red and processed meat and 
sweetened beverages as unhealthy components [24]. Participants 
received a score from 1 to 5 according to their sex-specific quintiles of 
consumption of each food and the scores were summed to create a 
mDASH diet score with a range from 7 to 35. A higher score represented 

higher adherence to the mDASH diet. 
We grouped individuals according to status (never, past and current) 

and dose of cigarette smoking and alcohol drinking. Individuals were 
grouped into six categories for cigarette smoking (never smoker, past 
smoker, or current smoker of 1–5 cigs/day, 6–10 cigs/day, 11–20 cigs/ 
day and >20 cig/day), seven categories for alcohol consumption (never 
drinker, past drinker, and drinkers of <1 drink/week, 1–7 drinks/week, 
8–14 drinks/week, 15–21 drinks/week and >22 drinks/week), four 
categories for coffee consumption (<1, 1 to ≤2, 2 to ≤4, and >4 cups/ 
day), four categories for physical activity (<10, 10–30, 31–60 and >60 
min/day), and four categories for mDASH diet score (quartiles 1 to 4). 

2.3. Covariate assessment 

Age, body mass index (BMI, 18.5–24.9, 25.0–29.9 and ≥30.0 kg/ 
m2), education level (with or without postsecondary education), history 
of diabetes and fracture (yes or no), postmenopausal hormone therapy 
use (yes or no for women), regular aspirin use (≥7 or <7 tablets per 
week), total energy intake and incident cancer were regarded as con-
founders. Total energy intake was calculated based on reported food 
intake and energy-content in age- and sex-specific servings sizes of each 
food. Information on cancer diagnosis was obtained from the Swedish 
Cancer Register. 

2.4. Case ascertainment and follow-up 

Incident cases of VTE were defined by the clinical diagnosis caused 
by VTE and/or its two subtypes (PE and DVT) as the main and/or 
contributing cause based on the International Classification of Diseases 
9th and 10th revision (Supplementary Table 1). Diagnostic information 
was identified from the Swedish National Patient Register that covers 
nearly 100% hospital-based inpatient care. Follow-up time was calcu-
lated from January 1, 1998 until the date of diagnosis of venous 
thromboembolism, date of death, or end of follow-up (i.e., 31 December 
2019), whichever came first. 

2.5. Statistical analysis 

Cox proportional hazards regression model with age as the under-
lying time scale was used to estimate the hazard ratios (HRs) and cor-
responding 95% confidence intervals (CIs) of venous thromboembolism 
by lifestyle categories. We performed analysis in women, men and the 
combined and also performed analyses on subtypes of VTE, that is, PE 
and DVT. The assumption of proportionality was verified using 
Schoenfeld residuals. All multivariable models further adjusted for age, 
sex (in analyses of women and men combined), BMI, education levels, 
history of diabetes and fracture, hormone therapy for women, regular 
aspirin use, incident cancer, cigarette smoking, alcohol and coffee con-
sumption, physical activity, energy intake and mDASH Diet score. All 
statistical tests were two-sided, and the analyses performed in Stata/SE 
(version 15.0; StataCorp, Texas, USA). P < 0.05 was considered statis-
tically significant. 

3. Results 

The mean follow-up was 17.3 ± 4.8 years (522,476 person-years) for 
women and 16.5 ± 5.4 years (596,626 person-years) for men. During 
follow-up, 1784 women and 2043 men were diagnosed with VTE. The 
mean age at diagnosis was 75.9 ± 9.0 years for women and 73.5 ± 9.1 
years for men. Baseline characteristics are shown in Table 1. 

In the analyses based on women and men combined, cigarette 
smoking, physical activity and mDASH diet showed associations with 
incident VTE (Table 2). The associations for physical activity and 
mDASH diet persisted in the analyses of women and men separately 
(Table 3). Compared with individuals with <10 min/day of physical 
activity, the risk of incident VTE decreased respectively by 33% (95% CI, 
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21%, 42%) and 22% (95% CI, 8%, 33%) in women and men with >60 
min/day of physical activity, in the multivariable model. Compared with 
individuals in the lowest quartile of the mDASH diet score, the multi-
variable HR of VTE in the highest category was 0.87 (95% CI, 0.75, 0.99) 
for women and 0.88 (95% CI, 0.80, 1.00) for men. Cigarette smoking 
was positively associated with risk of VTE in women but not in men 
(Table 3). Compared with never smoker, the multivariable HRs of VTE 
were 1.24 (95% CI, 1.04, 1.48) for smokers with 6–10 cigs/day, 1.47 
(95% CI, 1.24, 1.75) for smokers with 11–20 cigs/day, and 1.39 (95% CI, 
0.80, 2.41) for smokers with >20 cigs/day. Among current smoking 
women (n = 6340), the risk of VTE increased by 7% (95% CI, 0%, 15%) 
for each additional 5 cigarettes smoked per day (Supplementary 
Table 2). Alcohol and coffee consumption was not associated with VTE 
in either women or men (Table 3). The age-adjusted associations in all 
participants and women and men were reported in Tables 2 and 3. 

In analysis of subtypes of VTE, the associations for physical activity 

and mDASH diet were consistent for PE in women, men and all partic-
ipants (Supplementary Table 3). Cigarette smoking was associated with 
risk of PE and DVT in women (Supplementary Tables 3 and 4). Physical 
activity showed associations with DVT in both women and men (Sup-
plementary Table 4). There was no significant association of other life-
style factors with PE or DVT (Supplementary Table 3 and 4). 

Table 1 
Baseline characteristics of study participants.  

Characteristicsa Women Men 

Number of participants 30,137 36,193 
Age, years 61.5 ± 9.0 60.3 ± 9.4 
Body mass index, kg/m2 25.0 ± 3.9 25.8 ± 3.3 
Energy intake, kcal 1758.8 ± 533.0 2670.7 ± 809.1 
Post-secondary educationb 5743 (19.1) 6019 (16.6) 
History of diabetesc 1154 (3.8) 2291 (6.3) 
History of fracturec 3992 (13.3) 3440 (9.5) 
Hormone replacement therapy 14,008 (46.5) – 
Regular aspirin used 6794 (22.5) 4158 (11.5) 
Cigarette smoking 

Never smoker 16,538 (54.9) 13,665 (37.8) 
Past smoker 7259 (24.1) 15,027 (41.5) 
Current smoker, 1–5 cigs/day 1531 (5.1) 1524 (4.2) 
Current smoker, 6–10 cigs/day 2257 (7.5) 2082 (5.7) 
Current smoker, 11–20 cigs/day 2366 (7.8) 3203 (8.9) 
Current smoker, > 20 cigs/day 186 (0.6) 692 (1.9) 

Alcohol consumption 
Never drinker 3697 (12.3) 1770 (4.8) 
Past drinker 1141 (3.8) 1186 (3.2) 
Current drinker, <1 drink/wk 7391 (24.5) 3163 (8.7) 
Current drinker, 1–7 drinks/wk 15,620 (51.8) 17,621 (48.7) 
Current drinker, 8–14 drinks/wk 2028 (6.7) 9286 (25.7) 
Current drinker, 15–21 drinks/wk 228 (0.8) 2276 (6.3) 
Current drinker, >21 drinks/wk 32 (0.1) 891 (2.5) 

Coffee consumption 
<1 cup/day 2548 (8.5) 1891 (5.2) 
1–2 cups/day 9842 (32.6) 10,462 (28.9) 
2–4 cups/day 12,757 (42.3) 10,250 (28.3) 
>4 cups/day 4990 (16.6) 13,590 (37.6) 

Physical activitye  

< 10 min/day 2346 (7.8) 3465 (9.6) 
10–30 min/day 4472 (14.8) 6199 (17.1) 
30–60 min/day 12,769 (42.4) 13,498 (37.3)  
> 60 min/day 10,550 (35.0) 13,031 (36.0) 

mDASH diet scoref 

Quartile 1 5516 (18.3) 8305 (23.0) 
Quartile 2 7158 (23.8) 9256 (25.6) 
Quartile 3 7967 (26.4) 9204 (25.4) 
Quartile 4 9496 (31.5) 9428 (26.0) 

mDASH indicates modified Dietary Approaches to Stop Hypertension. 
a Continuous variables are presented as mean ± standard deviation, and cat-

egorical variables are presented as the number of individuals and corresponding 
percentage of the studied population. 

b Post-secondary education was defined as >12 years of education. 
c History of diabetes and fracture was defined as a self-reported diagnosis of 

diabetes and fracture before the baseline. 
d Regular aspirin use was defined as ≥7 tablets of aspirin per week. 
e Physical activity was measured by combined walking/bicycling and 

exercise. 
f The mDASH diet score was constructed based on consumption of seven food 

groups, including fruits, vegetables, nuts and legumes, whole grains, and low-fat 
dairy products as healthy components and red and processed meat and sweet-
ened beverages as unhealthy components. 

Table 2 
Hazard ratios (95% CIs) of venous thromboembolism by lifestyle factors among 
66,330 adults, 1998–2019.  

Lifestyle factor Cases Person- 
years 

Age-adjusted 
HR (95% CI) 

Multivariable HR 
(95% CI) 

Cigarette smoking 
Never smoker  1860  513,062 Reference Reference 
Past smoker  1244  374,665 1.04 (0.98, 

1.12) 
1.02 (0.95, 1.10) 

Current smoker, 
1–5 cigs/day  

153  52,547 1.01 (0.86, 
1.18) 

1.01 (0.87, 1.19) 

Current smoker, 
6–10 cigs/day  

225  71,837 1.10 (0.96, 
1.25) 

1.11 (0.97, 1.26) 

Current smoker, 
11–20 cigs/day  

305  92,803 1.29 (1.15, 
1.45) 

1.23 (1.09, 1.38) 

Current smoker, 
> 20 cigs/day  

40  14,186 1.26 (0.95, 
1.68) 

1.14 (0.86, 1.52) 

Alcohol consumption 
Never drinker  379  84,038 Reference Reference 
Past drinker  142  34,505 1.05 (0.87, 

1.26) 
1.03 (0.86, 1.24) 

Current drinker, 
<1 drink/wk  

664  173,293 1.02 (0.91, 
1.15) 

1.03 (0.91, 1.17) 

Current drinker, 
1–7 drinks/wk  

1834  574,387 1.02 (0.92, 
1.13) 

1.02 (0.91, 1.14) 

Current drinker, 
8–14 drinks/wk  

616  195,969 1.06 (0.93, 
1.20) 

1.00 (0.87, 1.14) 

Current drinker, 
15–21 drinks/wk  

139  42,580 1.10 (0.91, 
1.32) 

1.00 (0.82, 1.21) 

Current drinker, 
> 21 drinks/wk  

53  14,327 1.13 (0.86, 
1.49) 

1.01 (0.76, 1.33) 

Coffee consumption 
<1 cup/day  293  71,692 Reference Reference 
1–2 cups/day  1186  336,628 0.96 (0.85, 

1.08) 
0.96 (0.85, 1.09) 

2–4 cups/day  1331  387,063 0.94 (0.83, 
1.06) 

0.94 (0.83, 1.06) 

>4 cups/day  1017  323,717 1.07 (0.95, 
1.21) 

1.00 (0.88, 1.14) 

Physical activity 
<10 min/day  380  88,806 Reference Reference 
10–30 min/day  638  181,360 0.86 (0.76, 

0.97) 
0.88 (0.78, 0.99) 

30–60 min/day  1515  452,244 0.79 (0.71, 
0.88) 

0.84 (0.75, 0.93) 

>60 min/day  1294  396,691 0.68 (0.61, 
0.76) 

0.73 (0.65, 0.82) 

Quartile of mDASH diet score 
Quartile 1  838  226,366 Reference Reference 
Quartile 2  948  275,273 0.95 (0.87, 

1.04) 
0.96 (0.87, 1.04) 

Quartile 3  999  292,059 0.93 (0.85, 
1.02) 

0.94 (0.86, 1.03) 

Quartile 4  1042  325,403 0.87 (0.80, 
0.95) 

0.87 (0.80, 0.96) 

CI indicates confidence interval; HR, hazard ratio; mDASH, modified Dietary 
Approaches to Stop Hypertension. 
Multivariate models were stratified by age (in year) at baseline and sex and 
adjusted for body mass index (normal, overweight and obesity), education (less 
than high school, high school graduate, or more than high school), energy intake 
(continuous), history of diabetes (yes/no), history of fracture (yes/no), regular 
aspirin use (yes/no), hormone therapy (yes/no, only for women), incident 
cancer (yes/no), cigarette smoking, alcohol consumption, coffee consumption, 
physical activity, and modified DASH diet score. 
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4. Discussion 

The present study found that a high level of physical activity and a 
high adherence to mDASH diet were associated with a low risk of VTE in 
both women and men. Cigarette smoking showed a positive association 
with VTE in women but not in men. Alcohol and coffee consumption 
were not associated with VTE in either women or men. 

Physical activity was identified as a protective factor for VTE in most 
previous studies [9]. Studies also emphasized that moderate but not 
vigorous physical activity benefited VTE prevention [25]. Our findings 
confirmed the inverse association between leisure time physical activity 
and VTE in both women and men. Given that our participants are the 
middle-aged and old who probably have less strenuous activity, no 
harmful effect of physical activity on VTE was detected. Notably, the 
protective effect of physical activity appeared to be stronger in women 
compared to men and for DVT compared to PE (increasing circulation in 
lower limbs) in the present study. The stronger association in women 
might be due to sex hormone differences. A meta-analysis of randomized 
controlled trials showed that physical activity induces a decrease in 
circulating sex hormone levels in healthy women and the effect was not 
completely explained by weight loss [26]. Thus, promoting walking, 
cycling and exercise on a daily basis should be considered as primary 

prevention strategy for VTE. Future studies can investigate the 
comparative role of different forms of physical activity in VTE. 

Findings of the limited number of observational studies on diet 
quality in relation to VTE are conflicting. A prospective cohort study 
with 129,430 US women and men found that adherence to the Western 
dietary pattern was associated with a 16% increased risk of VTE in men 
but was not associated with VTE in women [16]. Other studies showed 
associations of prudent or Western dietary patterns with VTE risk 
[13,17]. In a cohort study with 675 incident VTE cases, adherence to the 
DASH diet was not associated with risk of VTE in women after a mean 
follow-up of 14.6 years [27]. However, our study observed a possible 
protective association between a high adherence to DASH diet and VTE, 
especially PE. In the present two cohorts, a healthy diet is additionally 
associated with lower risk of myocardial infarction [28] and stroke [24], 
cancer [29], and all-cause mortality [30]. 

The effect of cigarette smoking on VTE was undetermined in a meta- 
analysis of 10 observational studies. [31] Most studies revealed that 
cigarette smoking increased the risk of VTE [6,7,32–35], which were in 
line with our findings for smoking in relation to VTE among women. 
Some studies have suggested that it was not smoking per se, but the 
diseases related to smoking that increased the risk of subsequent VTE, 
which needs future confirmation [31]. Our study additionally detected 

Table 3 
Hazard ratios (95% CIs) of venous thromboembolism by lifestyle factors among 30,137 women and 36,193 men, 1998–2019.  

Lifestyle factor Women Men 

Cases Person- 
years 

Age-adjusted HR 
(95% CI) 

Multivariable HR 
(95% CI) 

Cases Person- 
years 

Age-adjusted HR 
(95% CI) 

Multivariable HR 
(95% CI) 

Cigarette smoking 
Never smoker  1010  282,882 Reference Reference  850  230,180 Reference Reference 
Past smoker  413  129,518 1.18 (1.06, 1.32) 1.16 (1.03, 1.29)  831  245,147 0.93 (0.85, 1.02) 0.93 (0.84, 1.02) 
Current smoker, 1–5 cigs/ 
day  

78  27,203 1.09 (0.88, 1.36) 1.09 (0.87, 1.36)  75  25,344 0.94 (0.75, 1.17) 0.93 (0.74, 1.16) 

Current smoker, 6–10 
cigs/day  

128  38,729 1.26 (1.06, 1.51) 1.24 (1.04, 1.48)  97  33,108 0.95 (0.79, 1.16) 0.96 (0.79, 1.17) 

Current smoker, 11–20 
cigs/day  

143  40,997 1.60 (1.35, 1.89) 1.47 (1.24, 1.75)  162  51,806 1.07 (0.91, 1.25) 1.04 (0.88, 1.22) 

Current smoker, > 20 
cigs/day  

12  3146 1.65 (0.95, 2.85) 1.39 (0.80, 2.41)  28  11,039 1.06 (0.76, 1.48) 1.03 (0.73, 1.44) 

Alcohol consumption 
Never drinker  246  57,244 Reference Reference  133  26,793 Reference Reference 
Past drinker  84  17,782 1.27 (1.01, 1.61) 1.22 (0.96, 1.54)  58  16,723 0.77 (0.57, 1.04) 0.80 (0.59, 1.09) 
Current drinker, <1 
drink/wk  

470  124,365 1.07 (0.93, 1.24) 1.05 (0.91, 1.22)  194  48,928 0.97 (0.78, 1.20) 1.00 (0.80, 1.24) 

Current drinker, 1–7 
drinks/wk  

877  280,986 1.11 (0.97, 1.27) 1.09 (0.94, 1.25)  957  293,400 0.88 (0.74, 1.05) 0.90 (0.75, 1.08) 

Current drinker, 8–14 
drinks/wk  

92  37,324 1.04 (0.83, 1.30) 0.97 (0.76, 1.22)  524  158,645 0.91 (0.76, 1.10) 0.93 (0.77, 1.12) 

Current drinker, 15–21 
drinks/wk  

12  4241 1.04 (0.58, 1.85) 0.91 (0.51, 1.62)  127  38,339 0.94 (0.74, 1.18) 0.93 (0.73, 1.18) 

Current drinker, > 21 
drinks/wk  

3  532 2.36 (0.88, 6.34) 1.90 (0.70, 5.14)  50  13,795 0.93 (0.68, 1.279) 0.91 (0.66, 1.24) 

Coffee consumption 
<1 cup/day  170  41,113 Reference Reference  123  30,579 Reference Reference 
1–2 cups/day  577  170,313 1.02 (0.87, 1.20) 1.02 (0.87, 1.20)  609  166,314 0.88 (0.73, 1.06) 0.89 (0.74, 1.07) 
2–4 cups/day  738  222,541 1.00 (0.85, 1.17) 1.00 (0.85, 1.17)  593  164,522 0.87 (0.72, 1.05) 0.88 (0.73, 1.06) 
>4 cups/day  299  88,508 1.22 (1.02, 1.46) 1.15 (0.96, 1.38)  718  235,209 0.92 (0.76, 1.11) 0.90 (0.74, 1.08) 

Physical activity 
<10 min/day  191  34,847 Reference Reference  189  53,959 Reference Reference 
10–30 min/day  270  77,205 0.73 (0.61, 0.87) 0.74 (0.62, 0.88)  368  104,154 1.01 (0.85, 1.19) 1.01 (0.86, 1.20) 
30–60 min/day  728  225,602 0.68 (0.58, 0.79) 0.72 (0.62, 0.84)  787  226,641 0.93 (0.79, 1.08) 0.95 (0.82, 1.11) 
>60 min/day  595  184,821 0.62 (0.53, 0.72) 0.67 (0.58, 0.79)  699  211,870 0.75 (0.65, 0.88) 0.78 (0.67, 0.92) 

Quartile of mDASH diet score 
Quartile 1  352  92,049 Reference Reference  486  134,317 Reference Reference 
Quartile 2  446  122,790 0.98 (0.86, 1.12) 1.00 (0.88, 1.15)  502  152,482 0.93 (0.82, 1.04) 0.92 (0.82, 1.04) 
Quartile 3  462  139,624 0.92 (0.81, 1.05) 0.93 (0.81, 1.06)  537  152,434 0.96 (0.85, 1.08) 0.95 (0.84, 1.07) 
Quartile 4  524  168,012 0.87 (0.77, 0.99) 0.87 (0.75, 0.99)  518  157,391 0.89 (0.79, 1.01) 0.88 (0.80, 1.00) 

CI indicates confidence interval; HR, hazard ratio; mDASH, modified Dietary Approaches to Stop Hypertension. 
Multivariate models were stratified by age (in year) at baseline and adjusted for body mass index (normal, overweight and obesity), education (less than high school, 
high school graduate, or more than high school), energy intake (continuous), history of diabetes (yes/no), history of fracture (yes/no), regular aspirin use (yes/no), 
hormone therapy (yes/no, only for women), incident cancer (yes/no), cigarette smoking, alcohol consumption, coffee consumption, physical activity, and modified 
DASH diet score. 
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that the detrimental effects of smoking might be stronger for PE 
compared to DVT. However, our findings did not support such an as-
sociation in men. This null association for smoking in men was somehow 
founded [18] and supported by results of a recent Mendelian randomi-
zation study which showed that genetic predisposition to smoking 
initiation increased risk of VTE in the UK Biobank study with ~50% 
men, but not in the Million Veteran Program with 92% men [8]. Another 
possible reason explaining this sex-specific association between smoking 
and VTE might be a much higher risk-trigger threshold of tobacco dose 
for men compared to women [36]. More investigations are warranted to 
explore the underlying mechanisms of the sex-specific association be-
tween smoking and VTE. 

Data on the association between coffee consumption and VTE are 
scarce. One prospective study suggested a possible U-shaped relation-
ship between coffee consumption and VTE risk. In detail, drinking 5–6 
cups per day was associated with a lower risk of VTE compared with 
abstainers [14]. Another cohort study indicated that coffee consumption 
showed an association with VTE in a model with basic adjustment (p for 
trend = 0.04), but the association did not remain after additional 
adjustment for body mass index and diabetes [13]. Our findings showed 
no association of coffee consumption with VTE in women or men. With 
regard to alcohol consumption, our null findings in men and women 
were in line with a meta-analysis of around 400 thousand participants 
and more than 10 thousand VTE patients from 10 studies [11], which 
indicated that alcohol consumption was not related to the development 
of VTE. Likewise, there was no evidence of an association between 
alcohol consumption and VTE risk in a recent MR study [37]. 

Several strengths of our study included the cohort design, large 
sample size, the long follow-up period, and the objective case ascer-
tainment through linkage with population-based registers. A large 
sample size and case number ensured statistic power to detect weak 
associations. 

There were limitations in the present study. Firstly, information on 
lifestyle factors was derived from a self-administrated questionnaire, 
which might introduce measurement error. However, we observed as-
sociations of lifestyle factors with risk of cardiovascular disease [38,39], 
which indicated that the used questionnaire had adequate validity to 
capture true associations. Another important limitation is that the time- 
varying nature of the exposures was not taken into account in these 
analyses, which may have introduced some misclassification of expo-
sures. Any misclassification of exposure would most likely be random 
with respect to VTE incidence as exposures were measured before VTE 
diagnosis and might have led to an underestimation of the magnitude of 
the association. In addition, there might be some degree of misclassifi-
cation of VTE cases since data on VTE were derived from the National 
Patient Register. Nevertheless, previous studies revealed an overall good 
validity of current VTE diagnosis standard [40] with the specificity of 
VTE diagnosis in Swedish National Patient Register of around 94% and 
88% for pulmonary embolism and deep vein thrombosis, respectively 
from 1980 onwards [41]. Therefore, the dilution effect of VTE 
misclassification is expected to be small. Given that lifestyle information 
was obtained among middle-aged and older people, the present study 
could not assess the effect of adopting and maintaining healthy lifestyle 
behaviors in early adulthood on the risk of VTE. With regard to smoking 
behavior, we only examined the associations of cigarette smoking with 
incident VTE. The effects of other tobacco products, such as using pipe or 
snuff, on VTE need future investigation. We were unable to assess 
whether the observed associations were influenced by infection or 
immobilization, or by anticoagulation treatment. Another limitation is 
that we could not fully exclude the influence from residual confounding 
due to the observational design, even though key confounders were 
adjusted for in the statistical models. 

In conclusion, our results based on two large cohorts of middle-aged 
and older women and men suggest that physical activity and diet quality 
are important modifiable factors for VTE. Cigarette smoking may in-
crease the risk of VTE in women. There was no evidence in support of a 

role of alcohol and coffee consumption in VTE. 
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