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Essentials
e The risk of venous thromboembolism (VTE) attributed to overweight and obesity is
unclear

e We investigated the population attributable fraction (PAF) of VTE due to an excess of
body fat
e In a population-based cohort study, 25% of VTE events were attributed to overweight

and obesity

o Fighting the obesity epidemic may substantially lower the VTE incidence in the

general population



Abstract

Background: Obesity is a well-established risk factor for venous thromboembolism (VTE).
However, data on the proportion of incident VTEs attributed to overweight and obesity in the
general population is limited.

Objective: To investigate the population attributable fraction (PAF) of VTE due to
overweight and obesity in a population-based cohort with repeated measurements of body
mass index (BMI).

Methods: Participants from the 4-7" surveys of the Tromse Study (enrolment: 1994-2016)
were followed throughout 2020, and all incident VTEs were recorded. In total, 36,341 unique
participants were included, and BMI measurements were updated for those attending more
than one survey. BMI was categorized as <25 kg/m?, 25-30 kg/m? (overweight) and >30
kg/m? (obesity). Time-varying Cox regression models were used to calculate hazard ratios
(HRs) with 95% confidence intervals (Cls). The PAF was estimated based on age- and sex-
adjusted HRs and the prevalence of BMI categories in VTE cases.

Results: During a median follow-up of 13.9 years, 1,051 VTEs occurred. The age-and sex-
adjusted HRs of VTE were 1.40 (95% CI:1.21-1.61) for overweight and 1.86 (95% CI:1.58-
2.20) for obesity compared with subjects with BMI <25 kg/m?. The PAF of VTE due to
overweight and obesity was 24.6% (95% CI:16.6-32.9), with 12.9% (95% CI:6.6-19.0) being
attributed to overweight and 11.7% (95% CI:8.5-14.9) to obesity. Similar PAFs were obtained
in analyses stratified by sex and VTE subtypes (provoked/unprovoked events, deep vein
thrombosis, pulmonary embolism).

Conclusion: Our findings indicate that almost 25% of all VTE events in the general
population can be attributed to overweight and obesity.

Keywords: obesity; overweight; population attributable fraction; venous thrombosis; venous

thromboembolism.



Introduction

Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary
embolism (PE), is the third most common cardiovascular disease (CVD), annually affecting
more than 10 million people worldwide.!” VTE is associated with serious short- and long-
term complications, including recurrence, post-thrombotic syndrome, post-PE syndrome, and
death.** The socioeconomic burden of VTE is not only related to the management of the
thrombotic event, but also to the detrimental impact on quality of life and increased risk of
work-related disability.>%® In contrast to a declining incidence of arterial CVD (i.e.,
myocardial infarction and stroke) over the last decades,”!” the incidence of VTE has slightly
increased during the same time period.'""!> The incidence of VTE will probably continue to
increase due to the rising prevalence of major VTE risk factors,'* among which obesity is one
of the most challenging for public health. The worldwide prevalence of obesity, defined as
body mass index (BMI) >30kg/m?, nearly tripled between 1975 and 2016, with numbers
reaching epidemic proportions in high-income countries, and are currently on the rise in low-
and middle-income countries, particularly in urban settings.'*

Obesity is associated with a two- to three-fold increased risk of VTE and the risk
increases linearly with increasing BMIL.!>!¢ Additionally, weight gain over time is associated
with increased VTE risk,!”!® and several Mendelian randomization (MR) studies have shown
that genetically elevated BMI is associated with a higher VTE risk.!*?* These findings imply
that obesity is causally related to VTE and that fighting the obesity epidemic will probably
contribute to reduce the VTE incidence. However, to what extent obesity contributes to the
incidence of VTE at the population level is not well addressed. Estimation of the population
attributable fraction (PAF), which reflects the proportion of cases of a particular disease in a

24,25

population that is attributable to a specific risk factor,”"* may address this question. The

concept of PAF has a causal interpretation as it indicates the proportion of which the



incidence of a disease would decrease if a specific risk factor could hypothetically be
removed.’*%

Data on the proportion of incident VTE cases attributed to overweight and obesity in
the general population is scarce, with estimates ranging from 12.4% for overall VTE to 33%
for unprovoked events.!>?® There is a need to provide updated PAF estimates that can reflect
the marked increase in the prevalence of overweight and obesity in recent years. Furthermore,
since intra-individual BMI may fluctuate over time, the impact of overweight and obesity on
VTE risk may be underestimated in cohort studies with a single assessment of BMI and long
follow-up because of regression dilution.?” We therefore set out to estimate the PAF of VTE

due to overweight and obesity in a population-based cohort study with repeated measurements

of BML

Methods

Study population

The Tromse Study is a prospective population-based cohort study with repeated health
surveys of the inhabitants of Tromse, Norway. A total of 36,627 individuals aged > 25 years,
who consented to take part in medical research, were recruited from the fourth (1994/95), fifth
(2001/02), sixth (2007/08), and seventh (2015/16) surveys of the Tromse Study (the
attendance rates were high, varying from 79% in Tromse 5 to 65% in Tromse 7). Detailed
methodology and demographics of the Tromsg Study can be found elsewhere.?s3? We
excluded individuals who were not officially registered as inhabitants of the Tromse
municipality at baseline (n = 27), with a history of VTE (n = 88), and with missing BMI (n =
171). Accordingly, 36,341 unique individuals attending one (n = 16,609), two (n = 10,179),

three (n = 6,780) or four (n = 2,773) surveys were included in the present study, as described



in Figure 1. The study was approved by the Regional Committee for Medical and Health

Research Ethics, and all participants signed an informed consent form prior to inclusion.

Measurements

Baseline information at survey inclusion was obtained from physical examination, blood
samples, and self-administered questionnaires. Height and weight were measured with
participants wearing light clothes and no shoes, and BMI was calculated as weight in
kilograms divided by the square of height in meters (kg/m?). Information on smoking habits,
diabetes mellitus, use of oral contraceptives or hormone replacement therapy, and history of
cardiovascular disease (CVD) (angina pectoris, myocardial infarction, and stroke) was
collected through validated self-administered questionnaires. Blood pressure measurement
and blood sampling were previously described for Tromse 4-6°%2° and were conducted in the
same way for Tromse 7. In brief, systolic and diastolic blood pressure were measured three
times with an automated device and the average of the two last measures was used. Non-
fasting blood samples were used for the assessment of total cholesterol by standard methods

at the University Hospital of North Norway (UNN).*%%

Identification of VTE during follow-up

Incident VTE events among the study participants were recorded from the date of enrollment
through the end of follow-up, 31 December 2020. All first life-time VTE events were
identified by searching the hospital discharge registry, the autopsy registry, and the radiology
procedure registry at the UNN, which is the only hospital providing diagnostic radiology and
treatment for VTE in the region. Trained personnel extensively reviewed the medical records

to adjudicate each VTE event, as described previously in detail.’! In brief, a VTE event was



confirmed if signs and symptoms of DVT or PE were combined with objective confirmation
by radiological procedures and treatment initiation (unless contraindications were specified).
All VTEs were classified as DVT or PE. Cases in whom both clinical presentations
were present were classified as a PE. The events were also classified as either provoked or
unprovoked VTEs. An event was considered provoked if it was closely preceded by one or
more of the following provoking factors: major surgery, trauma, or an acute medical condition
(acute myocardial infarction, acute ischemic stroke, or major infectious disease) within 8
weeks before the event, immobilization (bed rest > 3 days or confinement to wheelchair
within the last 8 weeks, or long-distance travel > 4 h within the last 14 days), active cancer at
the time of VTE diagnosis, or other factors specifically described as provoking by a physician

in the medical record (e.g., intravascular catheter).

Statistical analysis
Statistical analysis was carried out with Stata (version 16; Stata Corporation, College Station,
TX, USA). Means (+ standard deviation) and proportions of baseline characteristics were
calculated using descriptive statistics. For each participant, person time of follow-up was
accrued from inclusion in the first survey with BMI measurement until an incident VTE,
migration from Tromsg, death or end of follow-up (31 December 2020), whichever came
first. A time-varying analysis was used, where subjects who participated in more than one
survey contributed with one observation period per attended survey. Such approach allowed
for update of the BMI measurement for those who were re-measured during follow-up (Figure
1). This resulted in 67,957 observation periods with BMI assessment derived from the 36,341
unique participants.

The study participants were divided into three BMI categories according to cut-off

values defined by the World Health Organization (WHO): BMI <25 kg/m?, BMI 25-30 kg/m?



(overweight) and BMI >30 kg/m? (obesity).!* Crude incidence rates (IRs) with 95%
confidence intervals (CIs) for incident VTE were calculated by dividing the number of events
by the total accrued person-time in each BMI category and expressed as number of events per
1,000 person-years.

Time-varying Cox proportional hazards regression models were used to estimate
hazard ratios (HRs) with 95% CIs for incident VTE across categories of BMI, with the BMI
<25 kg/m? category serving as the reference. Adjustment for age was carried out using age as
time scale in the Cox models, with the age at enrollment defined as the entry time, and the age
at time of incident VTE, migration, death, or study end defined as the exit time. Analyses
were additionally adjusted for sex, except when stratified according to sex. Subgroup analyses
were performed according to anatomical location (i.e., DVT and PE £ DVT), the presence of
provoking factors (i.e., provoked and unprovoked VTE events), and age (above and below 70
years of age). The proportional hazards assumption was evaluated and verified by Schoenfeld
residuals and found not violated.

The PAF calculation was based on a formula that takes the relative risk for the
exposure under investigation and the prevalence (p) of the exposure among cases into account
(PAF = p[1-1/HR]). With this approach, internally valid PAF estimates are generated when

adjusted risk estimates are used.?*?> An extension of this formula for multicategory exposures

was applied in the current analyses: PAF = (1 - Zi":o %), where i refers to the ith exposure

level (i.e. i=0, BMI <25 kg/m?; i=1, BMI 25-30 kg/m?; i=2, BMI >30 kg/m?), pd; is the
prevalence of ith exposure level among the cases, and HR; corresponds to the hazard ratio
comparing ith exposure level with unexposed group (i=0). In our analyses, the PAF was
calculated based on HRs adjusted for age (as a time scale) and sex. The prevalence of each of
the three BMI categories among VTE cases was calculated according to the observational

periods in order to account for BMI changes over the study period. We used bootstrapping



with 10,000 resamples to calculate the 95% CIs for PAFs. Subgroup analyses stratified by
sex, age, and VTE subtypes (i.e., DVT, PE + DVT, provoked and provoked VTE) were also

carried out.

Results

Baseline characteristics of the study population are shown in Table 1. The sex distribution
was approximately equal (47.9% men), the mean age at enrollment was 47 years, and the
mean BMI was 25.7 kg/m?. At baseline, 37.9% of the population were overweight and 13.8%
were obese, and 2.2% and 5.3% reported a history of diabetes mellitus and arterial CVD,
respectively.

There were 1,051 recorded incident VTE events during a total of 595,091 person-years
of follow-up, which corresponded to a crude IR of 1.77 (95% CI 1.66-1.88) per 1,000 person-
years. Median follow-up time was 13.9 years. The characteristics of the VTE events are
described in Table 2. Mean age at the time of VTE occurrence was 69 years, 49.3% were
men, and 55.2% of the events were DV Ts and 58.4% were provoked VTEs. The most
common provoking factors were cancer (24.7%), immobilization (21.1%) and major surgery
(14.8%).

IRs and HRs for overall VTE and subgroups stratified according to sex and VTE
subtypes are shown in Table 3. The crude IRs of overall VTE increased across categories of
BMI, with an IR of 1.13 (95% CI 1.01-1.26) per 1000 person-years for individuals with a
BMI <25 kg/m?, and IRs of 2.04 (95% CI 1.87-2.24) and 3.01 (95% CI 2.67-3.39) per 1000
person-years for overweight (BMI 25-30 kg/m?) and obese (BMI >30 kg/m?) individuals,
respectively. The age- and sex-adjusted HRs were 1.40 (95% CI 1.21-1.61) for overweight
and 1.86 (95% CI 1.58-2.20) for obesity compared with the reference category (BMI <25

kg/m?). The linear relationship between an increasing BMI and risk of VTE (P for trend <



0.001) is visualized in Figure 2. Risk estimates according to sex were similar to those of
overall VTE, with age-adjusted HRs of 1.99 (95% CI 1.59-2.48) in women and 1.66 (95% CI
1.29-2.13) in men for obesity versus a BMI <25kg/m?. Analyses stratified by VTE subtypes
(Table 3) and age (< 70 years and > 70 years, Supplemental Table 1) yielded essentially
similar results to those obtained in overall VTE.

The PAF estimations for overall VTE and subgroups are shown in Table 4. For overall
VTE, the age- and sex-adjusted PAF of overweight and obesity was 24.6% (95% CI 16.6-
32.9), where 12.9% (95% CI 6.6-19.0) of VTE cases were attributed to overweight and 11.7%
(95% CI1 8.5-14.9) to obesity (Table 4, Figure 3). In analyses stratified according to sex, VTE
subtypes (Table 4) and age (Supplemental Table 1), the PAF estimates did not substantially
differ from those observed for overall VTE. The PAF for overweight and obesity was 25.9%
(95% CI 15.3-36.7) in women and 21.8% (95% CI 8.9-35.0) in men. Regarding VTE
subtypes, it is noteworthy that the thrombosis risk attributed to overweight and obesity was
slightly higher for unprovoked VTE as compared with provoked events, with PAFs of 29.1%

(95% CI1 16.8-41.0) and 21.3% (95% CI 10.3-32.3), respectively.

Discussion

In this population-based cohort study, we investigated the proportion of VTEs that could be
attributed to overweight and obesity. We found that overweight and obesity accounted for
almost 25% of all incident VTE events in the general adult population. Subgroup analyses
yielded essentially similar results to the overall analyses, irrespective of the anatomical
location of the thrombus (i.e. DVT or PE), presence of provoking factors, sex and age group
(below or above 70 years), with PAF estimates ranging from 21% to 29%. Our results
demonstrate that overweight and obesity are major contributors to the VTE burden in the

general population. From a public health perspective, our findings suggest that strategies
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pursuing an effective mitigation of the obesity epidemic as well as targeted interventions
aimed to reduce the thrombosis risk in overweight and obese subjects have the potential to
substantially lower the incidence of VTE at the population level.

To date, the contribution of overweight and obesity to incident VTE in the general
population has been scarcely investigated.!>*® The PAF of overweight and obesity for VTE
was assessed in a Swedish cohort study, where 12.4% of the VTE cases were attributed to a
BMI >25 kg/m?.?® The estimate is lower compared with ours (~25%) but some reasons might
account for such difference. In the Swedish cohort, height and weight used to calculate BMI
were self-reported and the diagnosis of VTE was based on the International Classification of
Diseases,?® which could have resulted in some degree of misclassification. Further, estimates
were based on a single baseline assessment of anthropometrics in 1997.%° Given that BMI is a
modifiable exposure, intra-individual change of BMI over time among participants of the
Swedish cohort could have introduced regression dilution bias, which can lead to an
underestimation of the results compared with the true associations.?” In the present study, we
sought to mitigate regression dilution bias by taking repeated measurements of BMI into
account. Moreover, because our cohort study was composed of several surveys conducted
over time (1994/95-2015/16), we were able to account for the rising prevalence of overweight
and obesity in the last two decades when calculating the PAF. Indeed, data from the Tromse
study showed that the age-adjusted prevalence of obesity in men and women increased from
9.8% and 11.8% in 1994/95 to 25.2% and 23% in 2015/16, respectively.*®** This is in line
with estimates from the WHO which indicate that almost one quarter (23%) of adults in the
European Region were obese in 2016.%

The proportion of VTE cases attributed to overweight and obesity was substantial in
men and women, among those aged below and above 70 years, and across VTE subtypes,

with estimates ranging from 21% to 29%. Interestingly, the PAF estimate for provoked VTE
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(21%) was slightly lower than the estimate for unprovoked VTE (29%). These findings can be
interpreted in light of the thrombosis potential model. In this model, each risk factor
contributes to increase the thrombosis potential of an individual, and when sufficient risk
factors have been accumulated in a patient, the thrombosis potential exceeds the so-called
thrombosis threshold, and an event occurs.** In this study, some of the factors used to
categorize an event as provoked are strong risk factors for VTE, including major surgery and
active cancer,>®> which were present in almost 15% and 25% of the VTE patients in our study,
respectively. As these provoking factors could be sufficiently strong to push the thrombosis
potential over the threshold in both normal weight and overweight/obese individuals, this
could explain why we observed a lower PAF of overweight and obesity for provoked VTE.
Our estimate that 29% of the unprovoked VTEs were attributed to overweight and obesity
was similar to the estimate of 33% reported in a population-based cohort study from Olmsted
County in the USA."

Importantly, our findings indicate that regardless of advancing age, sex or presence of
VTE provoking factors, an excess of total body fat seems to contribute to at least 20% of the
incident VTE events occurring in the general population. Hence, it is reasonable to assume
that the promotion of a healthy lifestyle to fight the obesity epidemic could lower the
incidence of VTE in the general population. While population-based strategies to improve
lifestyle have contributed in recent decades to an important decline in smoking in several

countries, ¢

current population strategies have not been successful in reversing the obesity
epidemic.!*3* Obesity is recognized to have a chronic, relapsing and multicausal nature.>
Even though weight loss is achievable by most lifestyle and dietary interventions, long-term
maintenance of lost weight is challenging and weight regain is typical.***° For instance, a

meta-analysis comprising 29 studies on long-term weight loss showed that more than 50% of

the lost weight was regained in an individual within 2 years, and by 5 years, the proportion of

12



lost weight that was regained was approximately 80%.*! Further, a recent systematic review
evaluating weight regain after lifestyle interventions in the adult population revealed that a
continuous weight gain typically becomes apparent around 36 weeks after the end of the
interventions.*?

Interventions that rely on targeting causal pathways involved in the pathophysiology
of obesity-related VTE could emerge as promising approaches to reduce the VTE risk among
overweight and obese subjects. Still, for these interventions to be effective and safe, it is
crucial to unravel the complex mechanisms by which obesity increases thrombosis risk. While
venous stasis,*’ chronic low-grade inflammation,** hypercoagulability,*> and attenuated
fibrinolysis***’ have all been implicated in the mechanisms underlying the association
between obesity and VTE, only a few studies have pursued the identification of specific
explanatory factors for this association. Chronic inflammation, assessed by C-reactive protein,
appears to explain only a small fraction of the VTE risk among obese.*** Recently, we
showed that plasminogen activator inhibitor 1 (PAI-1), the main inhibitor of fibrinolysis,
displayed a dose-dependent association with VTE risk and mediated approximately 15% of
the association between obesity and VTE.* These findings underscore the potential use of
PAI-1 as a target to reduce the VTE risk in obese subjects. Indeed, drugs that can modulate
PAI-1 activity, known as PAI-1 inhibitors, have been extensively characterized in
experimental studies and some of them are currently being tested in clinical trials although for
conditions other than obesity and VTE.>!*> Future research dedicated to identify biomarkers
with a causal role in the association between overweight/obesity and VTE may facilitate the
development of targeted intervention to lower the risk of incident VTE in overweight and
obese people.

The main strengths of the present study include a large number of participants

recruited from the general population with a wide age distribution, a high participation rate in

13



the surveys, a prospective design that enables the establishment of a clear relationship
between exposure and outcome, a long follow-up time, an objective and validated assessment
of the exposure and outcome, and the repeated measurements of BMI for a part of the study
population. Several limitations merit attention. Repeated measurements of BMI were not
available for 10,291 participants as they attended only one of the Tromse 4-6 surveys (Figure
1). The lack of repeated BMI measurements for some participants could have led to an
underestimation of the PAF estimates due to regression dilution bias.?” Therefore, the true
PAF estimates might be even higher than those reported in the present study. BMI was the
only obesity measure that was available in all surveys of the Tromse study. BMI, which is
used to assess total body adiposity, has been the most commonly reported measure of obesity
in epidemiological studies, thereby facilitating comparison across studies. However, waist
circumference, a measure of abdominal obesity that reflects visceral adiposity, seems to yield
the highest risk estimates for VTE and identify most people at risk.?®>*>* Hence, the
assessment of overweight and obesity based on waist circumference could have provided
additional information for the present study.

In conclusion, almost 25% of all VTE events could be attributed to overweight and
obesity in this population-based cohort study. Our findings suggest that public health efforts
dedicated to develop strategies that can effectively fight the obesity epidemic along with
targeted interventions aimed to reduce the thrombosis risk in overweight and obese subjects

may substantially lower the incidence of VTE in the general population.
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Tables

Table 1 Baseline characteristics of study participants (n=36,341) from the 4 (1994/95) to the

7% (2015/16) surveys of the Tromse Study

Characteristics Value

n 36,341

Sex (men), % (n) 479 (17,414)
Age in years, mean = SD 47 £ 14

BMI in kg/m?, mean + SD 25.7+4.2
Overweight, % (n) 37.9 (13,764)
Obese, % (n) 13.8 (5,006)
SBP in mmHg, mean + SD 132 +20
DBP in mmHg, mean = SD 77+ 12

Total Cholesterol in mmol L', mean + SD 59+1.3
Smoking, % (n) 32.0 (11,624)
OC & HRT, % (n) 17,1 (3,244)
Diabetes mellitus, % (n) 2.2 (794)
Arterial CVD, % (n) 5.3 (1,909)

Abbreviations: BMI, body mass index; CVD cardiovascular disease; DBP, diastolic blood
pressure; HRT, hormone replacement therapy; OC, oral contraceptives; SD, standard

deviation; SBP, systolic blood pressure.

Overweight defined as BMI 25-30 kg/m?; obesity defined as BMI > 30 kg/m?, OC & HRT

percentage in women only.
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Table 2 Characteristics of venous thromboembolism (VTE) events (n=1,051) in the Tromse

study (1994-2020)

Characteristics Value
Age at VTE 69 £13
Sex (men) 49.3 (518)
Deep vein thrombosis 55.2 (580)
Pulmonary embolism 44.8 (471)
Unprovoked VTE 41.6 (437)
Provoked VTE 58.4 (614)
Major surgery 14.8 (155)
Trauma 9.2 (97)
Acute medical conditions 12.2 (128)
Cancer 24.7 (260)
Immobilization 21.1(222)
Others 4.0 (42)

Values are % (n) for categorical variables or means =+ standard deviation for continuous

variables.
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Table 3 Crude incidence rates (IRs) and hazard ratios (HRs) with 95% confidence intervals
(Cls) according to categories of body mass index (BMI) for overall venous thromboembolism
(VTE) and subgroups stratified by sex and VTE subtypes

BMI (kg/m?) Person-years VTE events Crude IR? (95% CIs)  HR® (95% Cls)

Overall VTE

<25 273865 309 1.13 (1.01-1.26) 1 (reference)
25-30 232830 476 2.04 (1.87-2.24) 1.40 (1.21-1.61)
>30 88396 266 3.01 (2.67-3.39) 1.86 (1.58-2.20)
Women

<25 166807 169 1.01 (0.87-1.18) 1 (reference)
25-30 101565 206 2.03 (1.77-2.33) 1.41 (1.14-1.73)
>30 47825 158 3.30 (2.83-3.86) 1.99 (1.59-2.48)
Men

<25 107058 140 1.31 (1.11-1.54) 1 (reference)
25-30 131265 270 2.06 (1.83-2.32) 1.35 (1.10-1.66)
>30 40571 108 2.66 (2.20-3.21) 1.66 (1.29-2.13)
Deep vein thrombosis

<25 273865 179 0.65 (0.56-0.76) 1 (reference)
25-30 232830 264 1.13 (1.01-1.28) 1.38 (1.14-1.67)
>30 88396 137 1.55(1.31-1.83) 1.69 (1.35-2.12)
Pulmonary embolism

<25 273865 130 0.47 (0.40-0.56) 1 (reference)
25-30 232830 212 0.91 (0.80-1.04) 1.43 (1.15-1.78)
>30 88396 129 1.46 (1.23-1.73) 2.09 (1.64-2.68)
Unprovoked VTE

<25 273865 122 0.45 (0.37-0.53) 1 (reference)
25-30 232830 202 0.87 (0.76-1.00) 1.52 (1.21-1.91)
>30 88396 113 1.28 (1.06-1.54) 2.05 (1.58-2.66)
Provoked VTE

<25 273865 187 0.68 (0.59-0.79) 1 (reference)
25-30 232830 274 1.18 (1.05-1.32) 1.32 (1.09-1.59)
>30 88396 153 1.73 (1.48-2.03) 1.74 (1.40-2.16)

2 IRs per 1000 person-years

b Adjusted for age (time scale) and sex (if applicable)
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Table 4 Population attributable fraction (PAF) with 95% confidence intervals (Cls) due to
overweight and obesity for overall venous thromboembolism (VTE) and subgroups stratified
by sex and VTE subtypes

BMI (kg/m?) Prevalence among HR?(95% ClIs) PAF (95% Cls),
VTE, % %

Overall VTE

<25 294 1 (reference)

25-30 453 1.40 (1.21-1.61) 12.9 (6.6-19.0)

>30 25.3 1.86 (1.58-2.20) 11.7 (8.5-14.9)

Overweight and obesity 24.6 (16.6-32.9)

Women

<25 31.7 1 (reference)

25-30 38.6 1.41 (1.14-1.73) 11.2 (3.3-18.6)

>30 29.6 1.99 (1.59-2.48) 14.7 (9.8-19.6)

Overweight and obesity 25.9 (15.3-36.7)

Men

<25 27.0 1 (reference)

25-30 52.1 1.35 (1.10-1.66) 13.5 (2.7-23.6)

>30 20.8 1.66 (1.29-2.13) 8.3 (3.7-12.5)

Overweight and obesity 21.8 (8.9-35.0)

Deep vein thrombosis

<25 309 1 (reference)

25-30 45.5 1.38 (1.14-1.67) 12.4 (3.5-20.5)

>30 23.6 1.69 (1.35-2.12) 9.7 (5.1-13.9)

Overweight and obesity 22.1(10.8-33.1)

Pulmonary embolism

<25 27.6 1 (reference)

25-30 45.0 1.43 (1.15-1.78) 13.5(3.5-22.2)

>30 27.4 2.09 (1.64-2.68) 14.3 (9.5-19.0)

Overweight and obesity 27.8 (15.6-39.9)

Unprovoked VTE

<25 279 1 (reference)

25-30 46.2 1.52 (1.21-1.91) 15.8 (5.9-24.5)

>30 25.9 2.05 (1.58-2.66) 13.3 (8.4-18.0)
29.1 (16.8-41.0)

Provoked VTE

<25 30.5 1 (reference)

25-30 44.6 1.32 (1.09-1.59) 10.7 (2.0-19.0)

>30 24.9 1.74 (1.40-2.16) 10.6 (6.1-14.8)

Overweight and obesity

21.3 (10.3-32.3)

Abbreviations: HR, hazard ratio.
# Adjusted for age (time scale) and sex (if applicable)
Overweight defined as BMI 25-30 kg/m?; obesity defined as BMI > 30 kg/m?
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Figures

Figure 1 Overview of included participants. Dots represent participation at the survey, and
arrows between dots represent observation periods. A total of 36,341 unique individuals were

included in the study.
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Figure 2 Age- and sex-adjusted hazard ratios with 95% confidence intervals for overall
venous thromboembolism according to categories of body mass index
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Figure 3 Population attributable fraction of overall venous thromboembolism according to
categories of body mass index
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Supplementary material

Supplementary Table 1 Crude incidence rates (IRs), hazard ratios (HRs) and population
attributable fraction (PAF) with 95% confidence intervals (CIs) for overall venous
thromboembolism in analyses stratified by age

BMI Person- VTE  Prevalence Crude IR? HR®(95% Cls) PAF (95% Cls),
(kg/m?) years events among (95% Cls) %

VTE, %
Age <70 years
<25 238257 173 33.1 0.73 (0.63-0.84) 1 (reference)
25-30 187193 216 41.3 1.15(1.01-1.32)  1.27(1.03-1.55) 8.7 (-0.7-17.3)
>30 66793 134 25.6 2.01 (1.69-2.38)  2.11(1.68-2.65)  13.5(9.3-17.8)
Overweight and obesity 22.2 (10.8-33.5)
Age > 70 years
<25 35608 136 25.8 3.82 (3.23-4.52) 1 (reference)
25-30 45637 260 49.2 5.70 (5.05-6.43) 1.51(1.23-1.86)  16.7 (7.0-25.1)
>30 21603 132 25.0 6.11(5.15-7.25) 1.64(1.29-2.09) 9.8 (4.1-14.6)
Overweight and obesity 26.5 (13.2-38.4)

a IRs per 1000 person-years
b Adjusted for age (time scale) and sex
Overweight defined as BMI 25-30 kg/m?; obesity defined as BMI > 30 kg/m?
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