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Abstract

Objective: Adult body mass index (BMI) is strongly associated with venous thromboembolism 

(VTE), however whether earlier-life adiposity or other measures of adult adiposity are associated 

with VTE risk remains largely unknown.

Materials and Methods: We evaluated associations of childhood somatotype, BMI in early 

adulthood, adult adiposity, and change in weight since early adulthood with incident VTE risk 

over ≥20 years of follow-up among 205,935 participants from Nurses’ Health Studies (NHS/NHS 

II) and Health Professionals Follow-Up Study (HPFS), ages 29–76 at baseline. We estimated 

multivariable-adjusted hazard ratios for VTE using Cox proportional hazards models.

Results and Conclusions: Somatotype in childhood and young adulthood BMI were not 

significantly associated with VTE risk, after accounting for adult BMI. Adult BMI was strongly 
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associated with VTE in all three cohorts (e.g., multivariable-adjusted HRs comparing ≥35 kg/m2 

vs. <22.5 kg/m2: NHS:3.03[95% CI: 2.58, 3.56], NHS II:3.82[95% CI: 3.24, 4.51], HPFS:2.81 

[95% CI: 2.08, 3.80]; all p-trends<0.01). Adult waist circumference was associated with greater 

VTE risk, even after adjusting for adult BMI (all p-trends<0.01). Increasing weight gain from 

young adulthood was significantly associated with VTE after adjusting for current BMI among 

women (HR comparing gain ≥ 20kg vs. no change: NHS:1.36[95% CI: 1.13, 1.65], NHS II:

1.48[95% CI: 1.17, 1.87]) and not men (HPFS:1.20[95% CI: 0.97, 1.50]). These results indicate 

that BMI and adiposity are likely more important acutely than cumulatively over time in the 

etiology and prevention of VTE. Clinically, encouraging weight loss in individuals who are 

overweight or obese could help reduce VTE risk.
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INTRODUCTION

Venous thromboembolism (VTE) includes both deep vein thrombosis (DVT) and pulmonary 

embolism (PE). It is the third most common cardiovascular disease in the United States and 

has an annual incidence rate (1 to 2 per 1000 person-years) similar to that of stroke.1 Prior 

observational studies have consistently found higher body mass index (BMI) to be a risk 

factor for VTE.2–6 In addition, a recent Mendelian randomization study of >7,000 VTE 

cases and >52,000 controls from the INVENT consortium provided evidence for a causal 

relationship between high BMI and risk of VTE.7

Fewer studies have focused on other measures of adult adiposity, childhood and early 

adulthood adiposity, or on weight gain throughout adulthood in relation to VTE risk. Thus, 

we evaluated associations of childhood and young adulthood adiposity (childhood 

somatotype, BMI in early adulthood), measures of adult adiposity, and change in weight 

since early adulthood with incident VTE risk among over 200,000 participants from the 

Nurses’ Health Study (NHS), the Nurses’ Health Study II (NHS II), and the Health 

Professionals Follow-Up Study (HPFS).

METHODS

Study Population

The NHS began in 1976, when 121,700 female registered nurses, aged 30–55 years, 

completed a mailed questionnaire about their health and lifestyle. The NHS II began in 1989 

when 116,429 female registered nurses, aged 25–42 years, completed and returned a similar 

questionnaire. The HPFS included 51,529 U.S. male health professionals who were aged 

40–75 years at enrollment in 1986. All three cohorts use identical methods for data 

collection and follow-up, including biennial mailed questionnaires to update health and 

lifestyle information. The follow-up rate remains approximately 85–90% across all three 

cohorts. Study protocols were approved by the institutional review boards at Brigham and 

Women’s Hospital and the Harvard T.H. Chan School of Public Health.
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For the current analysis, we began follow-up in 1986 (NHS), 1993 (NHS II), and 1988 

(HPFS) when relevant data on childhood and adult adiposity were first collected. We 

excluded participants who reported a diagnosis of VTE or died prior to the analytic baseline. 

We also excluded participants missing data required to calculate BMI and those with BMI 

<15 kg/m2 or >60 kg/m2. Thus, the present analysis included 88,597 women from NHS, 

80,132 women from NHS II, and 37,206 men from HPFS.

Exposure measurement

Body fatness at age 10 was assessed by recall of somatotypes of 9-level pictograms 

developed by Sunkard et al.8 representing sizes ranging from extreme thinness (category 1) 

to obesity (category 9). The use of recalled somatotypes has been validated in both older 9 

and younger women10 by comparison with childhood records. Somatotypes at age 10 

correlated moderately with recorded BMI (r= 0.65).9 The validity did not differ by adult 

BMI at the time of the report.9 Overweight was defined as somatotype ≥5.11

Adult height was obtained from the 1976 (NHS), 1989 (NHS II), and 1986 (HPFS) 

questionnaires and presumed to be constant over the follow-up period. We obtained self-

reported body weight at age 18 in 1980 for NHS participants and in 1986 for NHS II 

participants and body weight at age 21 years in 1986 for HPFS participants. In a validation 

study of 118 NHS II participants, recalled weight and height age 18 were compared with 

college or nursing school entrance records and the correlation between reported weight and 

measured weight was 0.84.12 Therefore, the validity of recalled weight is high in these 

cohorts. Current weight was obtained from the baseline questionnaire and then updated 

every 2 years thereafter. BMI was calculated as weight in kilograms/(height in meters)2. 

BMI was divided into 6 categories (<22.5, 22.5 to <25, 25 to <27.5, 27.5 to <30, 30 to <35, 

≥35 kg/m2). In a validation study of 184 NHS participants, the correlation between self-

reported and measured weight was 0.96.13

In 1986 for NHS, 1993 for NHS II, and 1988 for HPFS, a tape measure was enclosed with 

the questionnaire, which directed participants to measure their waist at the umbilicus. 

Participants were instructed to take measurements while standing and avoid measuring over 

bulky clothing. Waist circumference was updated using the same procedure in 1996 (NHS 

and HPFS), 2000 (NHS), 2005 (NHS II), and 2008 (HPFS). In all three cohorts, 

circumference measures were recorded to the nearest one-quarter inch. The self-reported 

anthropometric assessments have been previously validated with technicians’ measurements 

with a correlation of 0.95 for men (HPFS) and 0.89 for women (NHS).14

Weight change since the age of 18 years (NHS/NHS II) or 21 years (HPFS) was calculated 

by subtracting current weight (updated biennially) from the reported weight at age 18 or 21. 

Weight change was categorized into 6 groups: loss of ≥4kg, no change (± 4kg), gain of 4 to 

<10kg, gain of 10 to <15kg, gain of 15 to <20kg, and gain of ≥20kg.

Outcome ascertainment

All VTE cases were identified by the report of the study participant on the biennial 

questionnaire. Disease diagnoses were identified on the questionnaire using a blank line 

requesting participants to write-in any physician-diagnosed major disease diagnosed since 
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the last questionnaire, or by specifically asking about DVT and PE. In NHS, physician-

diagnosed DVT was identified when participants wrote this diagnosis on the biennial 

questionnaires from 1976 until present, on a blank line reserved for “other conditions”. 

Although DVT was not confirmed by medical record review, in a validation study of 101 

self-reported cases of DVT, it was found that 94% of cases were confirmed in medical 

records, 2% were probable, and only 4% were not confirmed.15 For PE, NHS biennial 

questionnaires have included a specific question asking participants whether they had a 

physician-diagnosed PE during the preceding two years.

On NHS II questionnaires, a single question specifically asked participants whether they had 

a physician-diagnosed VTE (“DVT/PE”) in the past two years. On HPFS questionnaire, 

participants were asked about physician-diagnosed PE and DVT in the past two years on two 

separate questions. Given the severity of the diagnosis, followed by extensive treatment, 

therapeutic monitoring, and clinical follow-up required of patients with VTE, cases are 

likely reported with high accuracy in this population of nurses and health professionals with 

high health literacy and we likely are not missing cases that participants neglected to report.

Statistical analysis

Participants contributed person-time from baseline (NHS: 1986, NHS II: 1993, HPFS: 1988) 

until June 1, 2014 (NHS), June 1, 2013 (NHS II), December 1, 2012 (HPFS), or until they 

were censored due to VTE, death, or loss to follow-up. We performed age- and 

multivariable-adjusted Cox proportional hazards analysis to estimate hazard ratios (HRs) 

and 95% confidence intervals (CIs) for the risk of VTE associated with measures of 

childhood, early adulthood, and adult adiposity. Multivariable models were adjusted for 

potential confounding factors found on unadjusted analysis to be associated with VTE in our 

cohorts: age (continuous), physical activity (measured as average metabolic equivalents/

week across 6 common activities), smoking status (never, past, current), history of 

hypertension, hypercholesterolemia, coronary heart disease (defined as myocardial 

infarction or angina), cancer, rheumatological disease, aspirin use, postmenopausal 

hormonal therapy use (NHS and NHS II only), and oral contraceptive use (NHS II only).16 

Data on covariates were first obtained from the 1986 (NHS), 1993 (NHS II), and 1988 

(HPFS) questionnaires and updated every two years. Very few participants were missing 

data for the covariates. However, when data were missing, we carried forward responses 

from the previous questionnaire cycle. If data remained missing after two cycles, missing 

indicator variables were created for that variable and included in models as covariates. We 

performed a test for trend across categories of interest by treating categories as an ordinal 

variable in the proportional hazards models and assigning the median value for that category. 

We also performed sensitivity analyses in which we excluded participants with cancer as 

cancer may have an impact on body weight and waist circumference as well as the diagnosis 

of VTE, due to increasing use of computerized tomography scans for cancer staging and 

surveillance. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC).
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RESULTS

Over ≥20 years of follow-up, there were 2,721 incident VTE cases in NHS, 1,975 cases in 

NHS II, and 1,415 cases in HPFS. Table 1 shows age-adjusted baseline characteristics 

according to categories of BMI in each of the cohorts. The mean age at baseline was 53 

years in NHS, 40 years in NHS II, and 56 years in HPFS. Individuals with higher BMI at 

baseline were less physically active and had a higher prevalence of hypertension, high 

cholesterol, and type 2 diabetes. Additionally, across all three cohorts, participants with a 

higher BMI at baseline also tended to report a higher somatotype at age 10, higher BMI in 

young adulthood, and have a larger waist circumference at baseline.

In multivariable-adjusted models, we found somatotype at age 10 to be significantly 

associated with risk of VTE in all three cohorts. In NHS, women who reported a somatotype 

of 5 or more at age 10 had a 29% increased risk (95% CI: 1.16, 1.48) of VTE compared to 

women who reported a somatotype of 1. We found similar associations in NHS II (HR=1.47, 

95% CI: 1.26, 1.71) and in HPFS (HR=1.21, 95% CI: 1.02, 1.44) (Table 2). However, 

associations were no longer significant after adjusting for adult BMI (all p-trends>0.05).

Similarly, higher young adult BMI was significantly associated with a greater risk of VTE; 

however, after adjusting for adult BMI the associations were no longer significant (Table 3). 

For example, in NHS, the multivariable-adjusted hazard ratio comparing participants with a 

young adult BMI ≥27.5 kg/m2 to those with a young adult BMI of 15 to <19 kg/m2 was 1.52 

(95% CI: 1.23, 1.88, p-trend<0.01). However, after adjusting for current BMI, this was 

attenuated to a HR of 0.99 (95% CI: 0.79, 1.23, p-trend=0.60). Similar patterns were also 

observed in NHS II and HPFS (Table 3).

In Figure 1, we present multivariable adjusted HRs (95% CI) for risk of VTE across 

categories of adult BMI. Across all three cohorts, we found a strong, positive association 

between higher adult BMI and risk of VTE (all p-trends <0.01).

Increasing waist circumference was also associated with a greater risk of VTE in all three 

cohorts independent of adult BMI (Table 4). For example, in NHS the multivariable-adjusted 

HR comparing women with the greatest waist circumference (≥96 cm) to those with the 

lowest (<72 cm) was 2.08 (95% CI: 1.57, 2.76), p-trend<0.01. Similar associations were also 

found for NHS II (HR=2.26, 95% CI: 1.58, 3.23, p-trend<0.01) and HPFS participants 

(HR=2.00, 95% CI: 1.53, 2.62 comparing men with waist circumference ≥107 cm vs. <89 

cm, p-trend<0.01).

Weight gain since age 18, which is the difference between current weight and weight at age 

18, was significantly associated with risk of VTE in women after adjustment for current 

BMI (Table 5). Compared with women in NHS who had little change in weight (± 4kg), 

women who gained ≥20 kg since age 18 had 35% increased risk of VTE (95% CI: 1.13, 

1.65, p-trend<0.01). Among women in NHS II, the risk of VTE in women who gained ≥20 

kg since age 18 was 1.48 (95% CI: 1.17, 1.87, p-trend=0.01) times the risk of women with 

little change (± 4kg) in weight. In men, we observed a borderline significant risk of VTE for 

men who gained ≥20 kg compared to men with little change in weight since age 21 

(HR=1.20, 95% CI: 0.97, 1.50, p-trend=0.38).
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In sensitivity analyses, we excluded participants who developed cancer over follow-up and 

found similar results. We continued to find a strong, positive association between higher 

adult BMI and risk of VTE (all p-trends <0.01) among this subgroup of participants without 

cancer (results not shown). Additionally, increasing waist circumference continued to be 

associated with a greater risk of VTE in all three cohorts independent of adult BMI (results 

not shown). For example, in NHS the multivariable-adjusted HR comparing women with the 

greatest waist circumference (≥96 cm) to those with the lowest (<72 cm) was 2.17 (95% CI: 

1.59, 2.98), p-trend<0.01. Similar associations were also found for NHS II (HR=2.41, 95% 

CI: 1.66, 3.50, p-trend<0.01) and HPFS participants (HR=1.94, 95% CI: 1.44, 2.62 

comparing men with waist circumference ≥107 cm vs. <89 cm, p-trend<0.01).

DISCUSSION

To our knowledge, this is the first study to investigate the association between measures of 

adiposity and VTE throughout the life course, from childhood to later-life. We hypothesized 

that since adult BMI is strongly related to risk of VTE, earlier-life adiposity may predict 

VTE risk in later life. In multivariable-adjusted models, we did find that childhood body 

fatness at age 10 as well as increasing young adult BMI were associated with an increased 

risk of VTE, however these associations were no longer significant after adjustment for adult 

BMI. These findings suggest that BMI is likely more important acutely, rather than 

cumulatively over time, in the etiology of VTE.

We confirmed a strong, positive association between adult BMI and risk of VTE in three 

large prospective cohorts of female and male health professionals. BMI is a well-established 

risk factor for VTE, with many prior studies demonstrating an increased risk of VTE with 

increasing levels of adult BMI.5,6,17–19 Among these, prior research in the NHS, albeit with 

less follow-up, reported a strong, positive relationship between adult BMI and PE.5 

Moreover, two recent independent Mendelian randomization studies demonstrated consistent 

significant associations between genetically predicted BMI and VTE, suggesting the 

relationship is causal. 7,20 In our current analysis, we expanded on these findings including 

longer (22–28 years) follow-up, two additional cohorts (including one of men), and both 

DVT and PE. Overall, we found associations similar to those previously reported for higher 

categories of BMI, demonstrating that higher BMI in adulthood is a strong and significant 

risk factor for VTE in both men and women across middle and older age. To our knowledge, 

the current analysis is the largest and most comprehensive prospective study evaluating the 

relationship between obesity and VTE. To expand our understanding of the BMI-VTE 

association, we also explored other measures of adult adiposity: waist circumference and 

weight change since early adulthood. We found that larger waist circumference was 

associated with a greater risk of VTE in all three cohorts and that this association was 

independent of adult BMI. While prior studies have found a significant relationship between 

increased waist circumference and risk of VTE18,21, these studies did not simultaneously 

adjust for adult BMI and thus it could not be determined if the association between central 

adiposity and VTE was independent of overall adiposity. In models that evaluated weight 

change since age 18 (NHS/NHS II) or age 21 (HPFS), we found a greater VTE risk for those 

adults who gained the most weight since young adulthood, indicating that limiting weight 

gain in adults should be strongly encouraged to help reduce VTE risk. Few prior studies 
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have investigated the association of weight change in relation to VTE risk, and those 

published have had much smaller sample sizes and significantly shorter follow-up compared 

to our analysis.22

Our study had numerous strengths including the prospective design with long follow-up and 

a high follow-up rate. In addition, we were able to adjust for many potential confounders 

and evaluate whether the associations with early life body size were independent of adult 

BMI. Potential limitations also need to be considered. First, reliance on participant’s 

memory to recall their earlier life body size may lead to measurement error. However, our 

previous work has indicated good validity of recalled childhood and adolescence body size, 

even among older adults. Also, because the recall of early life body size occurred years 

before VTE diagnosis, misclassification is likely to be random and lead to underestimation 

of the association. Second, our study population is primarily white and results may not be 

generalizable to other ethnic and racial groups. Although adiposity and VTE risk should be 

examined in minority populations, at the same time, the homogeneity and the uniform health 

access of this population reduces confounding by many factors and provides strong interval 

validity. Lastly, there is also potential for misclassification of VTE since this study identified 

VTE events via participant self-report. However, in validation studies, 94% of self-reported 

cases were confirmed in medical records.15 In addition, we would expect bias towards the 

null if participants who experienced a VTE were classified as not have had a VTE, or vice 

versa. Thus, our findings are unlikely to overestimate the associations between body size and 

VTE.

CONCLUSIONS

In conclusion, adult BMI, waist circumference, and weight change are independently, 

positively associated with incident VTE risk. Early life body size is not significantly 

associated with VTE risk after accounting for adult BMI, indicating that BMI and adiposity 

are likely more important acutely, than cumulatively over time, in the etiology of VTE. 

Clinically, encouraging weight maintenance or loss in adults could help reduce VTE risk.
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Highlights:

• We confirmed a strong, positive association between adult BMI and risk of 

VTE.

• Childhood and young adult adiposity were not significantly associated with 

VTE.

• Increasing weight gain from young adulthood was significantly associated 

with VTE.

• Adiposity is more important acutely in the etiology and prevention of VTE.
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Figure 1. 
Multivariable adjusted hazard ratios and 95% confidence intervals of venous 

thromboembolism according to categories of adult body mass index (kg/m2) in Nurses’ 

Health Study (1986–2014), Nurses’ Health Study II (1993–2015), and Health Professionals 

Follow-Up Study (1988–2012).
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