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Abstract
Pulmonary embolism (PE) is common and associated with significant morbidity and mortality. An
association between obesity and PE has been suggested, but the nature of the association has not
been well defined. We performed a prospective cohort study of 87,226 women in the Nurses’
Health Study (1984–2002) to define the association between BMI and the risk of incident PE.
Primary exposure was BMI (<22.5, 22.5–24.9, 25.0–27.4, 27.5–29.9, 30.0–34.9, and ≥35.0 kg/
m2). Primary outcome was idiopathic PE (medical record confirmed cases of PE not associated
with prior surgery, trauma, or malignancy). Secondary analysis of nonidiopathic PE was also
performed. Multivariable Cox proportional hazards models were controlled for age, physical
activity, caloric intake, smoking, pack-years, race, spouse’s educational attainment, parity,
menopause, nonaspirin nonsteroidal anti-inflammatory drugs, warfarin, multivitamin supplements,
hypertension, coronary heart disease, and rheumatological disease. There were 157 incident
idiopathic PE and 338 nonidiopathic PE. There was a strong positive association between BMI,
the risk of idiopathic PE (relative risk (RR) = 1.08 (95% confidence interval (CI), 1.06–1.10) per 1
kg/m2 increase in BMI, P < 0.001) and nonidiopathic PE (RR = 1.08 (95% CI, 1.07–1.10), P <
0.001). The association was linear, and apparent even with modest increases in BMI (22.5–25 kg/
m2). The risk increased nearly sixfold among subjects with BMI ≥35 kg/m2, and was present in
multiple subgroups. Increasing BMI has a strong, linear association with the development of PE in
women. Clinicians should consider BMI when assessing the risk of PE in their patients.
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INTRODUCTION
Venous thromboembolism (VTE) represents a spectrum of disease that comprises deep
venous thrombosis and pulmonary embolism (PE). The annual incidence of VTE is
1.2/1,000 people, similar to that of stroke (1). The more serious manifestation, PE, is the
third most common cause of cardiovascular mortality in the United States and a leading
cause of sudden death (2,3).

With the high incidence and mortality associated with PE, primary prevention is of vital
public health importance (4–6). In September 2008, the Acting Surgeon General of the
United States issued a “Call to Action to Prevent Deep Vein Thrombosis and Pulmonary
Embolism” (7) urging “a coordinated, multifaceted plan to reduce the numbers of cases of
deep vein thrombosis and pulmonary embolism nationwide” and “more research on the
causes, prevention, and treatment of deep vein thrombosis.” Implicit in this message is the
fact that our current understanding of modifiable risk factors is limited. Most studies to date
focus on acquired risk factors or genetic polymorphisms associated with alterations in
coagulation pathways (8,9). These factors are difficult to modify and do not suggest ways to
decrease the incidence of PE at a population level.

Obesity, on the other hand, is modifiable and previous studies have suggested a positive
association with PE (10–14). Most prior analyses have been cross-sectional however, which
limits our ability to establish a temporal relationship. Moreover, studies of obesity tend to
disproportionately reflect severely overweight subjects, so the nature of the relationship and
the impact of modest increases in body fat on PE risk remain unclear. We hypothesized that,
in a prospective cohort of >85,000 women, there would be a positive linear association
between BMI and incident PE. We hypothesized that, rather than a threshold effect limited
to obese subjects, the effect would be apparent with relatively modest increases in BMI.
Finally, we hypothesized that the association would be evident whether the PE was
idiopathic or associated with known precipitants, and would be present in multiple
subgroups.

METHODS AND PROCEDURES
Participants

The Nurses’ Health Study is a longitudinal cohort established in 1976. At inception, the
cohort included 121,700 female nurses between 30 and 55 years old. Every 2 years,
participants are mailed a questionnaire assessing risk factors and the interval occurrence of
disease. PE diagnoses have been collected since study inception. Detailed data related to
lifestyle and dietary intake have been collected since 1984, and physical activity since 1986.
Follow-up has been >90% for each questionnaire cycle.

For the current analysis, we began prospective follow-up in 1984 as some risk factors were
not collected before then. We excluded women who reported a diagnosis of PE (n = 1,516)
or died (n = 1,886) before 1984. We also excluded women missing data required to calculate
BMI between 1984 and 2002, and those with BMI <15 kg/m2 or >60 kg/m2 (outliers). The
present analysis included 87,226 women.

Primary exposure
Height was obtained from the 1976 questionnaire and presumed to be constant over time.
Weight was obtained from the 1984 questionnaire and updated every 2 years thereafter. BMI
was calculated according to the standard formula (BMI = weight in kilograms/height in
meters, squared). Women were categorized according to BMI (<22.5, 22.5–24.9, 25.0–27.4,
27.5–29.9, 30.0–34.9, and ≥35.0 kg/m2). Because only one subject with PE had a BMI <20
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kg/m2, this was not considered a separate category. In 1996, subjects were asked to use a
tape measure to measure the largest circumference around their hips and their waist (at the
navel) while standing. These measurements were used to calculate the waist-to-hip ratio.
Other variables related to adiposity, including weight at age 18 and the number of times
subjects lost weight, were also compiled.

Prior validation studies have demonstrated that self-reported height, weight, waist and hip
measurements, and weight at age 18 are highly correlated with values measured by study
technicians or recorded during routine physical examinations (15–17). In particular, self-
reported weight is highly correlated (Pearson correlation = 0.97) with weight measured by
trained technicians (15).

Confounders
When possible, covariates were obtained from the 1984 questionnaire and updated every 2
years. Variables included: smoking status, pack-years of smoking, physical activity (first
obtained in detail in 1986), parity, menopausal status, nonaspirin nonsteroidal anti-
inflammatory drug use (first obtained in 1990), warfarin use (first obtained in 1994),
multivitamin use, hypertension, coronary heart disease (any history of angina, coronary
artery stenosis, or myocardial infarction), and rheumatologic disease (any history of
systemic lupus erythematosus or rheumatoid arthritis). Race (white or nonwhite) and
spouse’s highest educational attainment (high school, college, or graduate school) were
obtained from the 1992 questionnaire. Smoking was categorized as never, exsmoker, or
current smoker. Pack-years of smoking were calculated among ever smokers. Physical
activity was reported in metabolic equivalent (MET) hours per week. Parity was categorized
as nulliparous, 1, 2–3, or ≥4 children. Menopausal status was categorized by pre/post
menopausal status and according to whether estrogen or progesterone replacement had or
was being used. Medication and vitamin use, hypertension, coronary heart disease, and
rheumatological disease were dichotomous.

Primary outcome/diagnosis of PE
On each questionnaire, nurses were asked whether a physician had diagnosed them with PE.
Subjects without a prior history of malignancy received a follow-up letter requesting
medical records from the facility where the PE was diagnosed. A detailed review of these
records was undertaken and cases were coded. Incident cases for which the medical record
included imaging diagnostic of PE were considered and confirmed. Imaging was considered
diagnostic if a ventilation/perfusion lung scan was read by a radiologist as high probability
for PE, if there was a filling defect on contrast enhanced computed tomography of the
pulmonary vasculature or on catheter-based pulmonary angiography. Confirmed cases were
sub-coded as “idiopathic PE” when medical record review revealed no history of surgery or
major trauma within 1 month of PE diagnosis and no history of active malignancy. Cases
associated with a history of surgery, major trauma or malignancy were sub-coded as
“nonidiopathic PE.” If the nurse died prior to imaging but autopsy records confirmed the
cause of death was PE, the nurse was considered to have PE. However, because detailed
historical data are not available from autopsy records, these cases could not be confirmed as
idiopathic, and were considered nonidiopathic. Thus, we analyzed two case definitions of
PE. “Idiopathic PE” was the main outcome measure and refers only to medical record
confirmed cases not associated with malignancy, surgery, or trauma. “Nonidiopathic PE”
refers to cases that occurred in a subject with known malignancy, cases associated with
recent surgery or trauma, and cases confirmed only by autopsy. Using these definitions, over
18 years of follow-up, we identified 157 incident idiopathic PE and 338 nonidiopathic PE
(150 in subjects with malignancy, 115 associated with surgery or trauma and 73 confirmed
by autopsy), for 495 total PE.
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Statistical analysis
We performed age- and multivariable-adjusted Cox proportional hazards analysis to obtain
relative risks (RRs) and 95% confidence intervals (CIs) for the risk of PE with increasing
BMI. Multivariable models were adjusted for adjusted for age, total physical activity, total
caloric intake, smoking, pack-years, race, spouse’s educational attainment, menopausal
status, nonaspirin nonsteroidal anti-inflammatory drug use, warfarin use, multivitamin
supplement use, hypertension, coronary heart disease, and rheumatological disease. For all
BMI analyses, women with BMI <22.5 kg/m2 were the reference group. We performed a
test for trend across ordinal categories of interest (i.e., BMI) to determine significant linear
associations with PE.

We also performed sensitivity (subgroup) analyses, stratifying according to several factors:
(i) whether the nurse had undergone a health screening examination (assessed in 1992, with
analysis limited to data from 1992 to 2002) defined as a visit to a physician or clinic, where
a physical exam, colonoscopy or sigmoidoscopy, rectal examination, stool occult blood
exam, blood pressure check, blood cholesterol check, mammogram, breast exam by a
clinician, or eye exam by a doctor were performed for screening purposes, rather than for
symptoms; (ii) physical activity (high/low, split at the cohort median of 9.7 METs-hours per
week), (iii) age (younger/older, split at 65 years), (iv) lifelong hormone exposure (high/low,
high exposure defined as parity ≥2 children, age at menopause >50 and postmenopausal
hormone use), and (v) smoking status (never, past, or current smoker). In addition to our
primary analysis, we performed additional analyses of nonidiopathic PE to determine
whether significant associations carried over to subjects with histories of surgery, trauma, or
malignancy. We conducted all analysis using SAS version 9.1 (SAS Institute, Cary, NC).

The Human Research Committee of Partners HealthCare approved this study.

Role of the funding source
The National Institute on Aging, National Institutes of Health (Bethesda, MD), funded the
study but the design, conduct, and reporting were entirely the responsibility of the authors.

RESULTS
Table 1 shows baseline characteristics adjusted for age and stratified according to BMI. The
median BMI in 1984 was 24.0 kg/m2. At baseline, 27% of women were overweight (BMI
25.0–29.9 kg/m2) and 14% were obese (BMI ≥30.0 kg/m2). Most subjects were white and
had given birth to at least two children. Women with higher BMI were more likely to be
exsmokers, have a history of hypertension and coronary heart disease, take nonaspirin
nonsteroidal anti-inflammatory drugs and warfarin, and were less physically active.

We found a strong, independent, positive linear association between BMI and the risk of
idiopathic PE (Table 2). After multivariable adjustment, the risk of idiopathic PE increased
by 8% for every 1 kg/m2 increase in BMI: RR 1.08 (95% CI, 1.06–1.10), P < 0.001. There
was a similar increase in the risk of nonidiopathic PE: RR 1.08 (95% CI, 1.07–1.10). With
early events removed (PE from 1984 to 1990, n = 34 for idiopathic PE), the BMI–PE
association remained: 1.00 (reference) for BMI <22.5 kg/m2, 1.52 (95% CI, 0.73–3.13) for
BMI 22.5–24.9 kg/m2, 2.11 (95% CI, 1.04–4.26) for BMI 25.0–27.4 kg/m2, 3.86 (95% CI,
1.93–7.73) for BMI 27.5–29.9 kg/m2, 3.46 (95% CI, 1.71–6.99) for BMI 30.0–34.9 kg/m2,
and 5.05 (95% CI, 2.31–11.04) for BMI >35 kg/m2, P for trend <0.001. Results were similar
for nonidiopathic PE (data not shown).

Although waist-to-hip ratio was associated with idiopathic PE in an age-adjusted model (RR
1.11 (95% CI, 1.02–1.22)), it was not associated in a fully adjusted model that included BMI
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(RR 1.03 (95% CI, 0.94–1.14)). The multivariable RRs for increasing quintiles of waist-to-
hip ratio were 1.00 (reference), 1.28 (95% CI, 0.62–2.62), 1.08 (95% CI, 0.52–2.24), 1.66
(95% CI, 0.84–3.27), and 1.10 (95% CI, 0.54–2.26), P for trend = 0.51. However, the power
of this analysis may have been limited by the fact that waist and hip measurements were
only requested from a portion of the cohort in 1996 and therefore not available for a large
number of subjects (n = 32,982). That notwithstanding, in this multivariable model, the
association between BMI and idiopathic PE and nonidiopathic PE remained unchanged (data
not shown). We therefore removed waist-to-hip ratio from the model.

We applied a similar approach to evaluating weight change since age 18. On age-adjusted
analysis, absolute weight change (assessed as a continuous variable) and relative weight
change (as a percentage of weight at age 18) were associated with the risk of idiopathic PE.
For every 1 kg of weight gained since age 18, the risk of idiopathic PE increased by 4%: RR
1.04 (95% CI, 1.02–1.05), P < 0.001. For every 10% increase in weight since age 18 the risk
of idiopathic PE increased (RR 1.21 (95% CI, 1.13–1.28), P < 0.001). However, in the fully
adjusted model that included BMI, neither absolute weight change: (RR 1.01 (95% CI,
0.995–1.03) P for trend = 0.17), nor relative weight change (RR 1.06 (95% CI, 0.97–1.16) P
for trend = 0.16) were associated with idiopathic PE. Results were similar for nonidiopathic
PE (data not shown). We therefore removed weight change since age 18 from the model.

To address potential detection bias, we reexamined the BMI–PE association according to
whether the nurse had undergone a health screening examination (67% of the cohort). A
health screening examination was defined as a visit to a doctor or clinic, for a physical exam
or testing, not prompted by symptoms. In women who exhibited this health oriented
behavior, the strong linear association between BMI and PE was similar to that in the cohort
as a whole (P for interaction = 0.69). The multivariable-adjusted RR (95% CI) for idiopathic
PE were, by BMI group: 1.00 (reference), 1.47 (95% CI, 0.60–3.61), 2.15 (95% CI, 0.91–
5.12), 4.89 (95% CI, 2.13–11.23), 4.22 (95% CI, 1.81–9.87), and 4.39 (95% CI, 1.61–
11.97); P for trend <0.001.

We also assessed whether the BMI–PE association varied according to whether the subjects’
physical activity levels were above or below the cohort median of 9.7 METs-hours per
week. Figure 1 shows that the association between BMI and idiopathic PE is similar among
women below (mean = 0.82 METs-hour per week) and above the cohort’s median level of
physical activity (mean = 3.20 METs-hour per week). The P for interaction was 0.54.

We stratified according to age (<65 or ≥65 years old), and found no significant difference in
the effect of BMI on idiopathic PE (P for interaction = 0.64). For younger women the
results, by BMI group, were RR = 1.00 (reference), 1.02 (95% CI, 0.42–2.47), 2.42 (95%
CI, 1.12–5.27), 3.76 (95% CI, 1.69–8.36), 3.65 (95% CI, 1.62–8.21), and 6.36 (95% CI,
2.69–15.02); P for trend <0.001. For older women, the results were: RR = 1.00 (reference)
for BMI <22.5 kg/m2, 1.77 (95% CI, 0.70–4.45), 1.50 (95% CI, 0.56–3.96), 3.40 (95% CI,
1.35–8.53), 3.77 (95% CI, 1.52–9.34), and 4.68 (95% CI, 1.61–13.61); P for trend <0.001.

Studies suggest that obesity and endogenous estrogen exposure may have a synergistic
effect on the risk of PE (18,19). We reanalyzed the BMI–PE relationship according to
lifelong estrogen exposure. High exposure was defined as parity ≥2 children, age at
menopause >50 and postmenopausal hormone use. There were relatively few cases of PE
among women with high lifelong hormone exposure, so we collapsed BMI into three
categories (<25.0, 25.0–29.9, ≥30.0). The risk of PE, by BMI group, was similar in women
with low (RR = 1.00 (reference), 2.27 (95% CI, 1.45–3.56), 3.16 (95% CI, 1.96–5.09); P for
trend <0.001) and high hormone exposure (RR = 1.00 (reference), 1.92 (95% CI, 0.74–
4.96), 4.75 (95% CI, 1.82–12.36); P for trend <0.001). The P for interaction was 0.49.
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Finally, we restricted our analysis to never smokers (n = 38,187)—as opposed to current or
past smokers. As above, we collapsed BMI into three categories (<25.0, 25.0–29.9, ≥30.0).
The risk of PE was still highly related to BMI: 1.00 (reference), 1.78 (95% CI, 0.95–3.33)
and 3.32 (95% CI, 1.75–6.32); P for trend <0.001.

DISCUSSION
We found a strong, independent, positive linear association between BMI and incident PE in
this large cohort of female nurses. The risk of PE increased even with modest increases in
BMI. In the most overweight subjects, the risk increased nearly sixfold. The association was
present for idiopathic PE and PE associated with surgery, trauma, and malignancy. The
association was strong and consistent across several subgroups. BMI was more strongly
associated with incident PE than were other obesity-related measures such as the distribution
of adiposity and change in adiposity over time.

Our study is novel in that it demonstrates that the BMI–PE association is linear, and not
limited to severely obese subjects. It is the most detailed exploration of the relationship
between BMI and PE to date. Prior epidemiological data on the relationship between
adiposity and VTE/PE are suggestive, but prospective data are limited. Studies using cross-
sectional or case–control designs demonstrate that individuals with VTE have higher BMI
than those without (10,11). Although these studies’ results generally agree with ours, they
do not share the benefits of our longitudinal cohort, and their design makes it difficult to
determine whether obesity preceded or followed the PE. Because PE may lead to weight
gain as a result of activity limitations, demonstrating the temporal nature of the relationship,
as we have, is critical. A few prospective studies have demonstrated an association between
obesity and VTE, but these have generally limited their analysis to severely overweight
subjects (10,13,14,20,21). One study of a smaller cohort than ours, focusing on VTE rather
than PE, found the RR of VTE was: 1.0 for BMI <25, 1.5 for BMI 25 to <30, 2.2 for BMI
30 to <35, 1.5 for BMI 35 to <40, and 2.7 for BMI ≥40 (20). Another study, of men, found
that increasing BMI was an independent risk factor for VTE (OR 1.1/1 kg/m2), and that high
BMI was a greater risk factor for VTE than for either coronary heart disease or stroke (22).
We therefore believe that the totality of the evidence is sufficient to support the observed
association.

Although mechanistic research is understandably limited, there are several explanations for
how adiposity might increase PE risk. Leptin may mediate the relationship between obesity
and PE. In mice, leptin inhibition has been shown to decrease the rate of fatal PE associated
with the injection of thrombogenic material (23). Leptin also induces tissue factor activity in
vitro, and obese human subjects have elevated levels of both leptin and tissue factor (24).
Another possibility is that the relationship is mediated by estrogen and progesterone, which
have established links to obesity and the risk of PE in women (18,25). In our study, we
found no evidence that high lifelong estrogen exposure modified the association between
BMI and PE. However, the relationship between obesity and sex hormones is complex, and
we did not analyze progesterone. Finally, it is possible that subjects with higher BMI are at
greater risk of PE once a deep venous thrombosis forms (11).

Regardless of the pathophysiological mechanism, the public health implications of our
findings are potentially large. Nationally representative surveys indicate more than one-third
of Americans are overweight and that the prevalence of obesity is increasing (from 25% in
1974 to 33% in 2004) (26,27). Moreover, an Italian study found 50% of women and 35% of
men have at least one risk factor for PE other than obesity (28). The rising prevalence of
obesity may help explain the high prevalence of PE, and public health campaigns that lead
to weight loss in the general population may also reduce the incidence of PE.
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Limitations
One limitation of our study involves the nature of the cohort: female nurses, >95% of whom
are white. This represents the demographics of nurses in 1976, but limits the generalizability
of our results to other racial groups and to men. The mean age of our cohort was >55 years
old at inception, so our results may not reflect younger women. In elderly individuals
however, who for various reasons tend to gain weight with age, (29–31) and find weight loss
difficult, (32) the BMI–PE association may be particularly important.

In the early phases of any long-term study, participants tend to be healthier than
nonparticipants, and women enrolled in the Nurses’ Health Study are different from the
general population. Their education, access to medical care, and above-average standard of
living all might limit generalizability. This may explain the Nurses’ Health Study cohort’s
lower mean adiposity level compared to the general US population. Nonetheless, there is
little biological basis for suspecting that the relationship we observed between BMI and PE
would be materially different in other groups of women. Furthermore, the group’s relative
homogeneity and good baseline health help minimize confounding by socioeconomic
factors, access to health care, and health literacy.

Finally, we considered that our results could have been influenced by measurement bias,
workup bias, or inaccuracies arising from self-reported measures of adiposity. The BMI–PE
association we found was consistent across various subgroups however, and the association
was not previously so well established that clinicians would likely work up individuals for
PE simply on the basis of BMI. Furthermore, prior validation studies have found weight to
be highly correlated with measured values (15,17).

Conclusions
This large prospective cohort study demonstrates that increased BMI is associated with
increased risk of PE. The effect is linear and apparent even with modest increases in BMI.
The magnitude of the risk is larger than that of many putative PE risk factors and, when
combined with the high prevalence of obesity in the United States, suggests that obesity may
explain a significant proportion of PE cases. These data add to the evidence that excess body
fat is a major cause of human disease. Confirmation of our findings is warranted in other
populations.
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Figure 1.
Association between idiopathic PE and BMI according to the level of physical activity,
Nurses’ Health Study (1984–2002, n = 87,226). RR, relative risk; CI, confidence interval.
*Adjusted for age, total caloric intake, smoking, pack-years, race, spouse’s educational
attainment, parity, menopausal status, nonaspirin nonsteroidal anti-inflammatory drug use,
warfarin use, multivitamin supplement use, hypertension, coronary heart disease, and
rheumatological disease. Among women with the lowest level of physical activity, the
number of cases according to BMI were: 10, 10, 19, 17, 17, and 15 (<22.5, 22.5–24.9, 25.0–
27.4, 27.5–29.9, 30.0–34.9, and ≥35.0 kg/m2, respectively). Among women with the highest
level of physical activity, the number of cases according to BMI were: 7, 13, 10, 14, 17, and
8 (<22.5, 22.5–24.9, 25.0–27.4, 27.5–29.9, 30.0–34.9, and ≥35.0 kg/m2, respectively).
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